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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 transnlitting
this knorvledge to a new generation. The ftrnctions of the
journal will be:

I ) To show lrow tttc Marxist tlteory of knowledge illumi-
nates basic philosophical questions concerning-the scien-
tilic process and tlrus helpb to raise the level of con-
sciousness of tltose participating in the process.

2) To demonstrate that the principles of dialectical mater-
ialisnr provide a fruitful conceptual orietrtation lbr 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 close(, more effective working alliance
for the advancement of science. We bclieve 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
relatiooship of thought processes to other processes of nature.
And we will be delighted if, throilgh suclt 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 problenrs of the physical, biological and for-!t norlheast corncr. Enier Yord by any gate.

I'REE PARKING at Broadwry Garage (right arrow), Level 3 or
Enler Felton Sl., between Cambridge St. & Broadway. .

SUDWAY OR BUS to llarvard Square (circle).

SCIENCE

NATURE

above.
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A Worksho? Discussion

Washington DC

l2 February 1978

INVITED SPEAKER

Robert S. Cohen (Boston

SCIENCE AND NATURE YT/
IEXCE BPTSJ I IT://BPre ,!y:.

Scient'e us Sot'ial l'ro,,,,.''.(' I

mal (mat/rematical) disciplines. 'l'hc main et'tort will be to pttb-
lish,material that is both interesting arrd relevant to practition-
ers of these sciences.

Relevance will be judged primarily by the dcgree to which a

contribution brings out the relationship of philosophical prin-
ciples to scientific practice. For this pllrpose, authors shotrld
make an effort to discuss their scientil'ic problems in a matttrer
that can be grasped by those outside oI the particular discipline
involved.

Contributions of all t lnunications
or in-depth articles, bibl thy reviervs
The size and ticquency on tlte clttal-

ity ol editorial ntaterial on hand'
(Orrr current goul is trvo issues per year.)

PROPOSAL. We solemnly promise that any ittvcstment you
make to help get this new journal off the ground rvill bring no
monetary reward whatsoever. But you tnay expect lasting satis-
faction lrom helping us to take advantage ol the currentl]'favor-
able clinrate for bringing to the acadcmic conrmunity a broadet
and deeper understanding of Marxism.

As a mininrunr investment, we urge that you not only sub-
scribe t'or younelf but also bring Sc'ierrce and Nature to the
attention of friends, collcagues and students. Any investntent
in the form'of an added contribution will, of course, be especi-
ally helpful in this first year of our philosophical enterprisc-
The time you invest in giving us helpful suggestions and critical
comments will also be greatly appreciatcd. !

Ph i I o so p h y Aga inst Na tu re ---
Naively. Galileo believes thatsimple truth will conquer, and the old order

and one will see rvith his own eyes that Aristotle and two thousand ycars

of tradition are wrong. The court philosopher disputes at length with
Galileo on the nature of truth ... no one looks through the lelescope'

- James Lawler, "Betlolt Erecht on Bevolution in
Science and Society," Political Affairs.July 1978-

is l'or yorr to de veloP ...

Marx and'Science

TIte principal contribtrtion ol \lrtrx rvas to e mphasize thc
socill citaractcr ol scie ncc. Althotrgh he acknorvledgcd thc cog-

nitive succcsscs Ol itru scic.nces, he nevertheless t'onlprehendc'd

rcsprt nrli ng solcly to in tter tno tivu tio ns (perllaps crrriosity ) rvotrltl
bc in e social sitiratiol rvhich procluced tltat kiltl of ctlriositl'.
that kind ol' isolation.

To be social nrearrt, furthe r. to respond tO sclcially procltlcc'd

nrotivations ltrrcl purposes. antl to clo so rvitlt socially stinttrlated
ltodcs ol irtcl triry attcl ol'explanation. ancl rvi th criterii.t ol success

or tlilrrrc rvhich thuursclves changcd lroln cetrtLrry to ucntttr)' ...

The scienccs wcre not in any full sense promotcd by plcastrruble
nrotivations tor, in thc developtne nt of tlte scicnces, I\ilarx satv a

ccntr:.r1. pcrltaps thc essenlial, contributiorr to the grittt and prac-

tical task of Ittl.Lste r[ng nutttre. . ' *
Ort thc de libe ratety e onsr:ious linkup of scieocc rvitlt indtrstry,

:
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sciu' ntist itl to wllSt' lrhr:ureru-"
Oii if,"..lLstin,iioir lretrvc'e, scicncc and coopcrutirc l;r5oLrr.

tlr.'re is iyi irttcrestilg passcgc t'rotn vtrl. 3 ttl' Cttpital "Urrir crsal

luborrr is seicrrt ilic llltoLrr. stlch i.ts discovcries un(l illve ntit)ils.
This labour is c<tntlitioned on the cooperlttion ol' livirtg Ie'llorv

b.-,ings and on thc labours ol thosc ivho lrave gortc hcl'ore.. co-
op..Itiuc labour; o1 the other hand. is a direct ci.r<rpcrltion ol'

living inclividuals.'' . * *
Nlirx carly rccr-rgrriz.etl t5ut. liku prcjrrdiccs antl rcligit'rtts 5c'-

liefs, so also idets havc sociaI function ancl detcrlninarrts. not
least of th,:m scicntific idc,as, even those of the nlost conl'irntccl
and objectivcly cstablished sort. [lu' u'as an aclrnirer of cltarlcs
Dlrrvin rvhose work hc s.tw as a penctrating insight lrtd prooI
intlecd of the historical cltaracter ol biological nltttlrc. lltrt hc

also noted with amusement that Dlrrvin's hypothcsis silw nattlre

natural sciencL's but its rational meaning is empiriclllV e.rplline d"
(selectecl Cttrrespottclence, p. l5 I ). Notc that yor-t don't throu'

animal kingtlorn,'while in Darwin the animal kingdom ligtrres
as civil society" (lbid. pp I 56-7).

Ivlarx also sarv Darwin's tvork as sttggc'stive for ltunrln history'.
and lor tlte instrumental role of the human body and of technol-

Marx consistently treated science undc'r the general heading of
labor and he understood scientif-rc conceptions to be joined with

this was sornetlting quite appropriate for his tim:'
Marx and Nature

s

I
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versc;ttle dolttination ol htrman
florec's ot' rlattlre or b1' the blind

beings, either bY the "blind"
forccs oI socicty. untl tttrn thetn

rrppear as if we lrad bclorc us a ntcrc a Jtriori constrltctiotl." ...

So \lrrx tlistinguisltes tltc ntctlroil ol'incltriry lrorlr the rnethod
ol'cxptisition.

13y' the way. cxposition is not jtrst tltc tttctltotl of leaching or
pe dagogy. it is tlte lctttal second stage of scierrtific rvork. Irt-
rpriry is factually realistic, beginning with initially unintcrprctc(l
data that arc strbjected to unalysis in stagcs ol cottrplcxity rvhich
demancl insightful tbstraction, simpliticatiort arrd, ol e ottrsc.
sorne subtlcty. Tlre [actr-ral data are the concretc entities or tlte
rvholc's. not tlte individual partial things, thc wholc lar--tttitl dlta.
And tlre results of analysis are abstract prirlciples an:.rlyz-etl into
theoretically fortttulate{l "parts", i. c., selectcd ottt, hyporlleti-
cally guided by theorics that havc lleen basecl ltpotr antl lllorL'or
less teste d in prcviotts invcstigations- So inqrriry is a complicl-
tctl stagc'ol'cnrpirical rcssarch, antl of incltrctivc'as well as hyllo-
thetical arralysis.

'flren comc s pra:;ettlutirrrt rvhiclt givcs tlte rcsttlts the ir neccs-
sury dcvcloptrtctrt - or solllc trotiorr of dcvcloprttcnt artyrvity --
which ai ms to be a conccptual rctttrn frotn abstraction back to
tIe concrete reality. and brings tltu cotttpotretrt pltrts or quulitit-s
oIany suhject ur:tttcr togctltcr in w[at we wotrld call their or-qltl)-

ic relrtteclncss and intcrre'latc.dncss and into thcil evolutionur1'or
historical rno','crne nts. 'I'his return rvill bc ntediatc'd by exposi-
tory as well as thcorctical dcttrands so as to clarity tlte scparate
qrralities ancl the variotts relations among thent, incltrding dilir -

relatiorts with their environmcnt.
So. for Itlarx, thc trtrrh rvill be thc rvltole in its cltangcs. And

tlre.se changL's in tttrn rvill be relatcd by historic:tl processc's.

This is thcr lvlurxian dialectic ol contcnding and rre gating "tbrccs"
rvithin history ... ncgativc tneaning clranging, denyirrg or destroy-
ing what was ...

DISCUSSANT:
lrving Adler (North Bennington, Vermont)

Filty yc'lrrs ago tnany pcople rejectcd as absttrd the' idca thut
I\larr encl Engcls ltacl created a scicnce ot'socic'ty. 1'lrcy argtted
thut tltere couldn't bc any sLrch tlring as a sciL'ncc of s<-lcitty or
a scicnce ol'history becirusc (a) controllcd cxpcrintcnts arc not

rvhich cottld ttot.
'l lris distinction hus bccn r:rorlcrl by wllat is happcning irt tlte

rrutttrll scicttccs tltctttsclvr-is. I:i rst. all t.ltc scicrtccs arc rttlrrv ltis-
turiual scicrtccs. lrt tlre rtinctct'tttlt ccrrttrry. gcolog,y' lrrttl l;iology'

tion altd ot' rvealtlt."
Norr.to trrrtlcrsiarrd rvhut lrc nleallt by tht pltrlsc "tltu social

indivitlrrul" is to Ltnrlcrstirncl tvltat ltc ntcltrtt by the rvlttllc ol'tlts
Nlanist thcory ot'socict)' and I clrt't ptltsttu tltat lte re ...

Marx and fuiethod

Page 6 kience and Nature 1978 (l) Marx on Science and Nature Page 7



Itatl ulrcady bccornc ltistorical scir'nccs, stttdying gtroce sscs anrl
cvolrrtion. Since tlten, physics applietl lo astronorny, ltas bc-
corlre au historical sciencc, sttrrlyirrg tlre origins atrrl cvoltttiort ol'
stlrs and galtxies und the lbrrns ol-rrtattcr tltcy contlirt. ('ltcrrr-
istry. too, has beconre an historical scicncc, stLrrlying prt'biotic
c:lrenrical evolrrtion and thc origirr ol' lifc. Sccorrdll,, it isn't only
in thc social sciences that the spcctator is ltart ol tlte: uct; the
spcctator is lrorv part oI thc spectaclc irr plrysics as rvcll. llclit-
tivity theory teacltes trs tltat nreasurcs ol'lengtlt itncl tl Lrritlion
tlcpcnd orr the spcecl of thc obscrvcr, irnrl cluarrlttrrr tltcory tclls
us tlritt the rrrore accuratcly rve dctcrrninc thc position ol-an
elcctron. tlre less accuratcly we cirn de trrnrinc its nronrerrttun,
and vice vcrsa, be'cuuse every act oloLlscrvirlion is itn lct ol'
intcrtere nce rvitlr thc' tlring observecl .

l-he'crosi<ln cll this prcsulne'tl distinctiorr bctrvecn tltc sttrrl;'
ot'nltrrrt-'anrl thc strrdt'ol- socictSr lras trvo inrportrrtt irnpliclt-
tions. T'lrc first is tlrat thc scie nti['ic sturll,ol'socicty is no less
ltossible tlturt tlrc scienlilic stucll, q1-nuturc. 'l'lre sccontl is thrrt
cliulccticul nraterialisnr, tlcvclopccl irritilrlly irt thc sociitl sciertccs
tbr tlrc' sttrcly' ol'colrrplcx clynarrricirl proccsscs rrnrlcrgoirrg cvol tt-
tion, is also tlrc apltropritrtc rncthotl f'or thc study ol'procL'sses
artrl evtrlrr tion in tlrc rurtttnrl scicr'rccs. * , .

lrr rvltltt rvly is dialectical nraterirlisnr ot'trsc to tlrc scicntist'l
'l'o unsu,cr this qrrcstion, il is irnporturrt to ncltc lirst thc cltarirc-
terization of dielcctical rnalcrialisrrr by Irngels thut lras bc'cn
callccl t() orrr lrttention by l)rolcssor Cohcn. I:ngr'ls slrid in 189-5
ilt a lettcr to Sonrbart, "Nlar.x's u,hole nril nncr oI conceiving
things is not a doctrine, but a urethorl. It ofters no linishcrl dc;g-
nras, ['rut rather points ol'rclcrencc for frrrthcr reseirrclr ancl thc
rnc:thocl of tllat researclr." ... Aware ncss ot' the principlcs ol' rli:r-
lectical nratc-rialism is a kind ol'insurancc against clognratisrn.
Each ol- thc principles is a gcncraliz.atiolr ll'orn p:.rst cxpcricncc
in tlre scicnces. Iltrt it ltcverr takcs the t'clrm ol'tellirrg rrs rvltat
wcltl/,.\'I f incl in a particulir r ilreu 0l'str.rtl1,. It tclls us only rvltut
wc /,1(r-l' l'incl . Therr. tltis rcnrintlr'r ot'wltat is possiblc, bcconrcs
thc point ol'rel'erc:ncc, as [irtgcls say's. Ibr sorr]c rcseilrch. ...

Each ol thu principles o1'clillccticul nratcriirlisnr is u rlungcr
sign:rl, a rcd l'lag, il'you will. rvarnilrg ol'thc cxistcrrce o[-sorrre
cornrron trooby, traps lor Llnwary invcstigltors. Anrong thcnr
arr': I ) tltr: nrctaphysicul fallacy, trl,ing to clrirnrcte rize arr objcct
by'sonre abstract, absolute csscncr'rather tlurrr lry strrdying its
irttcrrtal anrl cxtr.nrnl rclationshiPs, its historl,antl its d1,,,',,,,'..'
2) thc superrrirtural or cxtcrn:rl clrrsc lirllacy,l'uilrrrc to rccognizu
tltat sorne nlotion can lle untlerstootl us scll- lnoticln resrrlting
lronr irttcrrtal conllict,3) tltc rrtecltartistic lallacy, t'ailttrc'to rcc-
ognize that rlunlitutivc' dil-f crcnccs clo cxist; 4) the' rcdtrctionist
(alluuy, ignorirtg thc flct that in u corrrplcx stnrctrrrc or process

Page I Science and Nature 1978 (1) Marx ort Science artd Nature Page 9

thc rvhole is grcate,r than the sunt of its parts; -5) the eclectic fal-
lar:y, faililg to recogrtiz.c that qrralitatively'tlistillct taclors ttllry
trc it'lated; 6) the extrrtpolution fnllircy, cxtrapolatirtg a larv be-
yond thc tinre and corttcxt lbr rvllich it ltas bcctt cstablishetl.
tlrtrs rrnjtrstil-iatrly converting wlrat is lllrtictrlar antl tclttporaty
into u,ltat is lllcgcclly gencral and etcrnll.

Ilccent L:xt)crie rlcc in biology ltroviclcs a good exaltl.plc ol' the
ruscfulnerss of dialc'cticll tntteriulisrn as irtsttrance agaittst dogma-
tisrrr. Altcr Pastctrr's crxperinrettts sc'ttle d a 200-yclrr disputc
about spontuncotts gcneration, his principlc that life contes onll'
l-rour lil'c ald Virchorv's llrilciplc thlt cells cottle only fronl cells
we re elovaterl into a dogttta assturtc'd to be valid tor all tirttcs and
ci rc t r trrs tlr n ce s.

Arllrct'cncc to tltis tlognra wtts An clbstacle that stood in the'
rvay ol'initiating any rtrcrttrirtgftrl sttrtly of thc origin oI lil'er- Thc'
scicntitic sttrrly ol'thc origin ol- life bcgittt rvltcrt Ollltrin, Ilernal
anrl Ilrlclirnc, cortsciously lrsirtg otrc ol' fhc' principles of dialccli-
cal lrralqriirlisrrr, challcngecl this <logntlt, prlinting ottt tltat a lltu'
thut applics for tlrc period itfter tltc origin of'lifc neecl not be
valid lbr tlre period bcfore the origirt ol- lile'.

Norv anotlter tlogntit ltas arisen, to tlrkc llre place ot'this old
onc. This is thc clogntit ltsscrtctl lts Ilttc as l97l by Jlcqtles
I\'lonod tlrlt tlre transl'cr ol- ittfonttlttiotr lletrvecn nucleic acids
anrl protcin can onl)' go in on(' clircctiort, frorrr DNA to IINA t<l

protein. Tltc clogrtta luts alrcady lrccn sltltkcn lly tlttr (lclllonstls-
tion that in sorrre cases irrlortttatiott grlcs l'rottr IINA to DNr\ bttt
tlre [aith oI thc dogrttatists hits troI beert shaken. Atlltc'rcnts ol'
dialccticll rnatcriulisnr r,.'culcl kcep un open tttind ort this qttes-
tion. 'l'hc fuct that the transler ol'inl'orrttalion gor's only irr the
clirce tion ll'onr nttcleic acicl to prolcitt in living cclls doc's not
prucludc thc possibility that it ntty ltlve gone the other way at
solnt stage in pri:biotic cltctttical evoltrtitln.

ll'tlre prirrcipll l-trnctirlrt of tliulcctical rttaterirdistlt is to st'rve
as iur anti(lotc l'or clognuttisttt, aIt)/ fbrrlltrlatiott ol-its principle s

as ir se t ol'nrlcs llurt ntttrre llrtt.s/ obcf is I ntisrr.ltrcsetrtltlion ttl'
thesc pri nciltles. llt this cittcgorf is tltc lssc'rtion on ptrrL'ly phil-
oso;lltical grotlntls tllit[ "sl.rltct'itttd titttc itrc bottntllcss ancl irtl'i-
nitc-" rrradc' in thc [rook "'l-he Fttttclantentltls ol' Ittltrxist-Lc-ninist
Plrilosol-I1y," ptrblisltcd in the tJ.S.S.l{. in t914. ln relativistic
cosnrology', tll('unswcr to tltc qttcsliott "ls sl.litce l'irlitu or in-
ill'inite '1" rvill bc obtuillct[ only b1' ll)citsLl rirlg thc re'lcvant pilrillll-
rrtcrs. arrt[ rrot by l]takirtg sotnc artritt'ltry llrcstlpposi titllt.

I rvott ltl add only onc ntorc point ltl this tintc., Dialt'cticitl
Inlr tcrialisrri. likc an1' otltel' tlteorctical cortsl rttct, t:lrlttot bc
asstrrned to bc pcrlcct for all tirrre. lt sltotrltl [lc rcr'xitntitlctl
constaltlly, to bc cot-t'cetctl atttl rcf irtecl in tltc lighl ol e xpcri-
encc. lt is rto,uv ovcr 100 1,cars sincc its ltrinciltlcs rvc'rc first



formulated in the work of Marx ancl Engels. It{ore precise for-
mulations of its principles that are bascd on the great advltnces

of thc sciences in thc last 100 years should now be possible'

DISCUSSANT
CirfinJ i. Rlttn (Biology Dept-, Washington University)

IDialectical materialisnr] is, of coLrrse, nrore than a ntethocl, bttt
is a nretlotl it 5as an enorrloss anrount of applicability in every-

thing N,e do and I would like to urgr.r tlrat wltcn we think aboLtt

learriiqg this rnettrod, we t[ink aborrt its application, to9 - rvltat

it can b"e used for - that we not think about it only in terttls of
its application to the natural scienc:cs although that ttlay-bc the

mlinLoncern rve herc lllore or less clircctly sharc. I think it is

obvious that a be nclt natural scientist rvlro is asking qtrestions

antl tryilg to Cot1le to ansrvcrs cart p16fit frottt ttsitlg t[e ltlctlrotl
rve cali clillectical ltaterialisrn. In r1y orvn worle in tlrc' listory
oI sciencc, that rncthocl has raiscd qtrcstions of a differcltt sort
than I wor-tld otherwise ltave raiscd ...

I think thc only way to clcvelop thc rncthod is to apply it trntl

see its inner connection in a nurnber of di[Icrent realtlts. I'ltat
pleans extra-acadentically as wcll as acade tllically. I thirrk it can

trelp rrs, for exaurplc,, understand antl criticize phenorn.c'trl such

ut fh. rise of sociobiology thr.'ory... in [act' i[one applics the
ifilicctical method to tliC content of tlrat so-callcd tltcory, ottc

sees thrt tlrerc are ntany qucstions it has lelt unansrvered ancl

many nretltods rvhich it has not cvcn lookecl at'..
I'rit not sure thnt I agree with Ilob Cohen tltat Marx's stltte-

rnent is applicabtc rnore to his day tltiln oltrs-ltattrely, thc statc-

ment thai the irlealistic nature of mrrch of science is evident
rvhcn scientists step out of their orvn spe cidlty and begin to rtrakc

contments on otlter things. I certtrinly st:c an cnorlno[ls alttottrtt
of that toclay among nly colleagttes. I sec it in sociobiology
w[cre t[c bisic nrctliod is to ilt,erlI gcrtctic conrponcnts rvlticlt
tltcn are claboratc.cl into enormotrs e xplitnlttions ol why tltcy
rnight exist. As lr{arx ancl Engels botlr pointcd ottt, scicncc dcals

not ivith rvhat nright bc cotrccivt'cl to cxist but rvitll tryirtg to

absolutely csscntial ...
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ldon't rncan to souncl rttccltlnical abottt it l)ut I thirrk tltcre 's

no srrch thing as thcorctical Marrisrrr... I ttll "thoorctical
Nlurxists" Isociologistsl lltirt I think it's a cotttnttlictiort itr te rttts.
Pcrlral.ls thc urtalogy rvitlt tlttore ticll plty'sics rvrlrks on pcoplc's
nrintls but I don't tlrirtk tltc'rc is sttclt a thing as tllcoretical
ph1,51.r re'ally. [Jltinratcly, tltirtgs tttttst bc tcstu'd itt sortre rval'.
'l-hr: tlivision ol- labor be trvcr.-tt tltosc rvho tlte oriz.c itntl thost-' s'lto
tcst is a rrristukc in :trty rcalttt ol'lttttuitn activitl', espcciallf in
dillccticat ltrtteriltlisltr. It is a tttclltocl tltat ltas to bc llracticcd in
every,rculrn becru.rsc it is blsicaliy <tttc rvlticlt sccs irtterconttec-
Iions, wlte tltcr in da1'-1u-,1 ,r' politicel cxpcriettcc', clirssrtlottt tcltt'lt-
ing. llb bcnclt scie'ttcc, or tltc sttrtly ol'tlrc llistorl' ol nattlrc.

I rvant tcl closc with this ttotiott: tltc tltcory ol clialccticlrl
nratcrialisrn is powerftrl itrttl riclt bccattsc it is I'i rst ittttl forctllost
a rrrcthod rvlriclt grows, is not static or tlltclutltgirlg, btrt a lttctltod
rvhich tcuclrr's ce:rtltin kirtds ol'qtte stions to ltsk itr.tcl cet'tltirr u'a1's

ol' tryirtg to unswe r tltcltr.

AUDIENCE INTERACTION

t)avicl Sch*'arlz-r'tatr (Horvartl Universi ly). Sortte- writc'rs ltavc
plrintuincd tlrerc'is a cotttrltlictiott bctrveu'tt [inguls'lbrtltttllttiott
ol rlirrlcctical nurtrrriulisttt ltt'tcl I\lltrr's thinking on tltc sttbjcct.
Dr. (loltcrt, rvltat arc yottr vicrvs ort tlris'l
Colten. Ithink tltr-.re are clil'l'crcnt-ts [rtl t rtot contrtttlictit)tls lltlI
rrot cortllicts... l:ngels treitted tlttestiorrs thrlt i\larx tliil trot trcllt
ancl rvhich I\4arx tvtrttlcl not ltitvc trcated. [ingcls was lllore col]-
ct'rrrccl. olt bcltalf'ol'both ol'tltr'ttt. rvith his sttt dics ol contcttl-
l)onlry natLtral scicncc..

It's rrrost ttnlorttttltte that lingcls' rlotes Iin Diulcc'tics of
\tuture I rvcr.'takcr.t its thcttrglt Iht'1'rvc't'c ltis corrsidcrctl rt'sttlts.
Ilc u,as rvriting abottt ltistoricirl processcs itr natttrc. It's not at all
cIe rrr that spe cificllly dialcctical rclationslril)s wcrc lourtd by hiltl
in rurture . llistorical trattsitiorts rverc l'ottncl btrt, if onc ke'cps to
tlrr'u,ortl ctialcctic as rclcrriltg lllorc or Icss to sc-lLchartginq. ittnt'r-
gcrrcnttccl trarrsi tit>ns, otrc can't lind llrut itt nattrrc. If !'otr de-
t'irrc clialectic in thc 1'orrtr tlttt it takcs placc irr lltttltan history.
yoLr rlon't lind it...

Engcls rliscs this (lr-lLrstiort l bit in tlttli-Dulrrirrg. tltcn tilttc ltnd
agrrirr in l)iulct'tit's of lt'ulure. llc givcs cxatttllle's, perlagogical or
l)rovocuIivt'brtt. at lttty rAte-. ttnltnltll,zt'cl crattllllcs... lntl says tlt:tt
tlris is a lirttt re ruscirrclt Problcttt... 'l'hcsc ltrr-- not ctlrtsitlcrccl or
l'rr ll1' tvotk,'tl ottt tltings.

Ithink l-r-'nirt pickcd it ttp vcry rvcll irl thrrt verv bric'['. itlso
irrcottlPlctc. lrtrsirlcss rvllcrc ltc sa1's tltlrt rvllitt lvc'ltc-cd is lt bttnelt
ol'scicrrtists rvlto itntlcrstluttl llcge I ltrttl lvill siill bc scicrttists.
1-ltcrr tttlyltc sottte tlltl' lve 'll havc a tllittcriaI ctlttrttion ol'rliale'ctic"'



itself, inclependently, hc clicln't gct to that. I think hc' u'otrld
ir,ir. iftfi. lilcln't rlii'tl so carly,6ecausc ltt'sltartcl rvith his t'ricnrl

i,,ng;i; iiiir ,..y IJrldingtonian'type of itttcrcst in ltorv nittttrc givcs

I think I:ngcls wils lllorc N'{arxist tltlttr thitt...

write dorvn all kincls of qtlotations.

it lrour that principlc but, in fact, lle cribbcd it frorn Illccl:el
who hucl bccir argtiing tlrlt upriglt posturc cittttc [irst. Non.'tlte -

lcss, in tlrat cssay*En[r.ls was rviiling to rrurkc a historical hypotlr-
csis artcl jtrstif'y it on thc basis of philosophy.

Co[ep. I tlrink thcre 's a lltck ol'clari ty irt tttrtlcrstarrtlirlg Nlrrx
o1 t|is. l1'hc rvere Ilcgclian, it woLrltl itl)pt.itr t[at tlrr: rvonl tlil-
lcctical rvotrltl r]lcarr sol))ctlring rvith tltc wortl history'. Il'it
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nlciurs thc slr nrc tlting lts tltr' w<lrtl histclricltl. rvc'cl jtrst ltavt'it s)'tro-
rrynr. Iltrt il'it rrrcans sorrrcIltiug lttltlitiortrtl 1o ltistoricul... In I]c-
gclilrn usitgc. at lclst. it rvottltl sr'cttt [o bc tulkirrg rrbot-tt intcrrutl-
l1'gcrrclutctl clurngts. cltlutqcs tvlriclr cotnc ll'ottt intcrrtltl lirrc.'s
luntl intcrrrlrl rcllrtions. lrrlcrrurl trl rt'llt t'l \\'cll- \vl)lltL'\'cr tlrr'r'rr-
titrr is tlrrr t 1'ort'rc ltttlkirtg ut. socictl,or rvllrlcvct'.

r\rrtl tlre rt'coultl lic disptrtc ovcr rvltttlrcl tl iirlectieltl clurrrgcs.
tlilrlcctielr ll1, l'orrt)ttllr tctl histot'r, ttl'clltngc irr thc stirrs iln(l slrlur-
ics. irlc ol'tlrlrt sort. Or r',,orrltl ull tlrc l'orecs <ll'chartgc hc crte lrr-
lrl to tlre crrtitir's inr olvcrl'l \\/e Ii. tlrirt's rn irstl'orr()rrticrrl or cil:-
ruologir'ul Prolrle nr, nol ()r.rc llrirt i\lrt'r ol I:rtgclr rvlrs eonrPctcrrt
to tlt'ul n,itlt or rvcrc intclcstcrl irr crtottg.lt lo rlr.lil rvitlr it. l:ngcls
s1'rccrrlirtcs llrlr t tltcrc eorrlrl llc sorrtc sttclt tlrirtg [ltrt lte (l i(l rr't 1)r.rr-
srrc it. Ik'rvlrs rrlrcirtl-"- in tlre lusl y'cars ol'ltis lili irnrl ccl iting
i\llrrr's rrur ntrscripls irtste utl- Ile lrlrrl r-'ortsciotrsly' Ittltrlc tltltt cltoicc.

lle gr-'l lrirtl rlon.' vcr-v littlc ort tlris... Ilis ortll' s('r'ior.rs rvork lirt
tlri: lr |clr l. Orr eltcrttistr'),. \vils Ptr [tlisltccl ortli' t\v() ]'cut's ltgcl. Scl

tlre Ilegclilrrt rrotion ol'nrr trrrurl [)r'occsscs is irrt opctt rcsclt rclr pr'<lb-
lerrr l'or rvltielt no rlotrbt lltut'x irtttl L.cnirt lrrttl otltr't's rvotrltl ltlrc
b.'crr gllrtl to givc rcsclrr'elt gnurt:,. 'llrc1, 11;t.|,,'t ltrtve lt l'irtsltcrl tltre-
trinc ut ull.
T:rlkingtort. lror cxlt rrrplc. trrl<c pllrtc tcctortir.s lrntl tltc rrrotiorrs
gcrrellrtctl rvithin tlrc curtlr tlrat give risc to elrrurge. to lristolieal
l)r()c('sscs. hel ing n()tlring to tlo rvitlr nuul or Drilll's trntlcrstlr nrl-
ing. \\lclrrltl y'ou e clnsitler tlrosc pos:itrl_r- cl ilrlce ticll l)r'()r'('5scs (., I

nirIurL"]
Colrcn. Itlort't kltou'u,ltat tlte tr,'ord tl itlccticlr I rvcrttltl ucld to
just cirlling llrcnr prceesscs. l'crltulls it dcp"utls on lton,it is lirr-
rutrlrttcrl.
Tulkiuqton. \\/ortltln't it possibli'give l scicntist sorttc tutrlcr-
st;.urtling (o kno"v tlillcctics irr invcstigutirtg suclt lr plrcrronrr-'non'l

Colrcrr. I lrgrre crrtircll' rvith (ilrr Allcrr ort tht'ht'lplirlrtcss Iol'
rlillccticul nltttrittlisttt I irt pinrrirtg tlotvtt thc (ltlL'sti()lls to raist'.
lrt thltt scltsc. )/cs.
UIlicu Serlt'r'stlrlc (llurvrrtl Univc'r'sity ). Docs tlrc rvorrl rliulr'ctii
Ituvc lirrl' lnclurir)g usirlt' l'rorrr tltt'rlLrcstion ol'ltou,it ltLtrrritrt bcirtg
looks lrt sorrretlriug?

CarLrrrcl r\llcrr. ls it rncaningl'rrl to ask rvltctlter thcrc is ir rcirlll'
objct'tive tlialrcticlrl l)roccss irtrlcpcnrlrnt ol'pcoltle's intr'rprcti.r-
tiorr ol'it'.' l'lrclc's irlrnctst no \vilV to llr)s\\,r'l'tltlr t r; trcstiorr.
Colrcrr. Iltrt thclr"s l vcr)'strorrg lrint irr IUurx irrttl in Ilcrrcl on
tlris. tlurt tltcre's iut ob.jt'ctiv'c rlillectic. rtot u sttbjcctivc epistc-
lrrologiclrl \\'lr)'ol tlr'llirrg rvitlr it btrt urr objcctivc tlillcctic irr

Irtrrrrrrrr Iristorl'. Ilrc iruiriirlt' ltutttl is jtl:t I ttst'l'ttl \vil)' ot'rcl'cl'-
rirrI to tltc f rrct tltrr tott.icctivc I)t'oecsscs cxist itttle pr'rttlcrttll'...
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Tlrc're's an objcctive diltlcctic, yes.

Sclrrvartzrlan. I thipk therc ftas bccn rv<lrk sincc l'.rtgcls on tlle
cluestiort ol'clinlectics in nattrre ... IJtrt it is, indc'ctl , a proje'ct
rvhich is rtot dcvelopc'd so tttttch tls, say, lristorical tltirtcriltlisttt.
... lrlarx arrticipatcd a lot clf systcttts itle rs. Sotltc of- tlrc lllcta-
theories irr systcnrs theory, asltccts of cyLrerttctics lttltl so lorth
collcl rcully bc tlrc rarv ttlttcrials lor I rltlteriirlistic tliulcctics.
lor dcveloping clialccticll rluteriulisrl as tltc Itlost llcrlcrltliz.ctl
thcory ol'scicncc-rrot sirtrltly bcitrg rcclttced to llte tlt phot-s atttl
to thr: old tlrrec latvs. rvlticlt rcally rtectl a lot of rvork. lt's tro
longer arlt:tlttate to ttsc tlte'se litws ittrcl sity tIat tlris contri [rLt tcs
to a rttctltorlological apltrouclt, wltrnitrg us abgttt ccrtltitr tltirtgs.
Wr-'ncc'tl to clcvclolt it lts a fortttal scictlcr'... ltlort't tllirlk it's
corrcct to retlttce tl ialcctics sitttpll' ttl scltttetltitlg t'\'olvillg
throtrglt irttcrrltl proccsscs. \Vc'vc corttc l)cyorttl tltltt irt tcrttts
oI looking ut tltings as systcnls arrcl tlrcir cttvirottlttcllts. l]trt
ccrtailly u stirr is ln crrtitl, in itscll-irrrrl trrrtlcrgr'rt's ccrtltilt inlct'rt-
al proccsses. So tlocs arry otller objcct tltltt rrittttritl scicrltists
stu rly.
Coheu. Wcll, the erttit'c pltrt-rvltolc pl'occss ciltl bc ltloke tl itl
tltrottglt tltr-' trsc r:l' systcttts tltcorl'"' l tt l ltc' gct.tr' ral tttc tltodtll-
ogy olscicrrcc irr tltc lzrst 25 years, certuirtly in tltc Sovict Utliort
ancl nurong Ntarxists elscwltcrc, it's crltcllf ils 1rq11'.a saf irtg' E

0n the Alienation ol Science
In sixtl'r-century Ionia man [acecl Naturt'in tht'conficlent hope that l;1'his
unaidetl porvers lre s'otrld be able to wrcst [t'otn hcr lrer secrets; arrtl in his
l:olcl enterprise he came to fecl hinrself engagcrl u[)on an ethical as rvell :rs a
scientific task, Conscience acqtrired a nc\v scol)e as man realizetl that his
pl'ogress in knorvledgc tneant sulrtritting his nriucl to Ihc acceptancc of ex-
Io'nal fact, of cxternal larv;and that the urrderslandir.rg of this law gave hitu
pon'er to lrclp or harm his fellorvs. l'ltilontltropia, love of his [ellorvs, l)ccltmc
his inspiration as much as llteorio, disinterested cttriosity.

tsut.thd ol:sLacles to lhe grorvth of tlris rrerv knorvleclgc an<l t() thc cxcr'-
cise of [lris nerv powcr prove(l grcater, and othcr, than hacl bcctr anticipatccl
Not only rlid Naturc provc morc complex tlran rnalt had supl>oscd, llut 1>olit-
ical obstaclcs also intervcnc,d- If dernocracl'dinrly atrd iititrlly'pcrceivcd
that its late rvas linke d rvith sciernce, oligarclry had tto Inatlttcr of dotrbt that
ignorance rvas its shiclrl. .

Aristotle saved his scientific sotrl by a brcach with Platorrisnr s'hcre Pl:tt-
onisnr had lost touch rvith Nature, but hc rctaint'tl lrt>tt.t ['latonism thc vicrv
that truth is tlrc presen'e of the elitc, and tlrat social order nrusI bc basccl t.rtr

ack norvledged supers t ition
- Benjantin Farrington. Science anrl Politics in the Ancient World.
Barnes & Noble lnc. (a Divisiott of Harper & Row), New York 1968, pp- 229'30.
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Is the direction of scientif ic resc'xrch governed b1, philosoph-
ical assurnptions'? Scientists sor)tr-tinlcs deny that pltiloSophy
inllue rrccs the ir rvork, nraintailring instead that tlrey are guided
strictly objectively by their eurpirical, experinrental approlclr.
li'rctlcrick [Jn gcls n)a intain cd o t hcrrvise :

Natural scientists believe that llrey free thenrselves [ronr plrilosoph;-
by ignoring or abusing it. They' cannot, however, ntake an1, hcldway'
rvithout thought, and for thoLrght they net'd thought determinations.
But they takc thesc'categories unref lectingly fronr the conrmon con-
sciousness ol so-callerl educlterl pcrsons, rvhiclr is donrinrted by the
rclics oI l<-rrg obsolete philosophics, or from the littlo bit oi philos-
ophy conrpulsorily lislencd to at the univcrsity'(rvhiclr is not only
frrgnrcutary, trut a]so a nredley oI r,iews of puoplc [relonging to the
rrrosI varir'd and usually the rvorst schools), or [rorrr uncritical lnd
runsystcrnntic reading of plrilosophit:al rr ritings of all kinds. [Ience
they rrc no less in bondage, but trnfortunately, in nlost cases to the
rvorst philosophy, and those rvho abusc plrikrsophl,rnost rre slaves
to precisell, lhe rvorst philosophcrs. (Dialtctit's oJ ,\rature, lnterna-
tionel, 1940, p. I 84.)

1-hc rrrisplaccd inflrrerrce ol- ccrlain philosophiclrl conccptions
is ol'tcn l'ouncl in scierrce arrd philosophy of scicncc. In the ir
tinrc Murx and Errge ls notcd lrow thc inflrrencc ol Ncrvtonilrr
conce ptiorrs ol-rrrotiorl servrr(l to jrrstily a vierv of the urrivcrse as
a closctl systent tlcvoid ol'arry real history alt(l how this vierv be-
garr to givc u,ily tutder thc inrpact of tlre: work ol LaPlace', iler-
scltcl, antl Darrvin.' Todl1, thc gcrrcrally hc.lcl corrcc.ptions of
nlrtter anrl cntrgl,rccogniz.c to a rlcgrcc the richnr.ss and divcr-
sity ol ntotion anrl chlrngc. Ilotvcvcr, thr: lhiltrrc ol rnrrny inves-
tigltors lo actlrrain t thenrsclves lvith clialcctical rrrtcrirlisnr arrd
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its conccption of uilturc rrray well ilccor.lr)[ lor tltc grorvtlt ol'
vie'rvs incorrsistcnt rvith this rccognitiort. As lrt c.rurttplc. Iot'l cr
Birrry Conrnrorlcr rvlto. irt lris ptrblisltccl book. 'l'lrc ktrcrt)' ctl'
I'rtwcr (Knopf, 1976). givcs rvhltt ptlrports to lrc ir sciu'rttil'ic attltl-
ysis ol'encrg)' rcsourccs togctltcr rvitlt ccrtltirt stlcirtl itrltl politi-
cal corrclusions. I tbcrrs orr this lrarticrrlur rvork [rcclrttsc Ilte rc-
pututiorr o,l' its autlror as r socillll, ctrnccrrrctl sciclttist sigrril'ics
tlrat it is likcly to huve a grcat inrpuct orl nrany thotrghttirl irtdi-
virl uals Cofl CCl'nc'd rvi th cnviror.t rnc'n taI rletcriorlttion r.ttttl tltc
rvlrste ol- rcsourccs. I\ltrrxists lntl olhcr lrroltrcssive l.rt.r'sorts rvill
l'irtcl ('orttrrtonr'r's book plrrticulully irttcrcstirtg lttcausc. ttrtlikt'
rrrost otltcr rvell-knorvrr cnvironrrrcrrtlrlists. ltc lu1's lltc [rlittttc lirr
tltt' problcrrts hc disctrsscs stlrrarcly' irt thc tloorstclr ol'ntortopoll'
capitalisnr. Ilc gives un e lorlucnt lrrrtl ol-tcn nrovirtg tlcscri ptiort
ol'cupitalist plrurtlcr inclLrding tlre irrrpcrialistic lrrpc ol'tltc lhirrl
rvorlrl . lrr thc'r'nrl he cirlls lbr socirtlisnr r.rs tltc orrlv tr,r)' to'rrr
ccologicullt' sotuttl trtviror't rncrtt. llrlu,crcr, irs \vc rvill t11' ttl
shorv. tltc corttcrtt ol- his "sociulisrtr" rrrtrl tltc scicrttil'ie artall'sis
ttport rvlriclt it is blrsccl is opcrt to sorrtr: stliotts tlttcstions. Al-
thotrglr C'clrrurronr.'r'nrlkcs trsc <ll'Nlirlx ilr prrrl ol'his unull'sis. it
is evitlcrrt tlrat hc is cillrcr rrrrl'urrriliirr rvitli or tlocs not clroose
to rrurkc rrse ol'tlre I\llrlxist corrccptiort ol'rxrtttrc.

('orrrnrorte r dct'e Iops lris vic'rv ll'orrr tltc stunrl point ol'lltu' Sce-
orttl Lurv ol'l'ltcrjuorly'nrrrrrie s rvlticlr rtotcs tltc tcrttlcrtcl' ol'cu-
ergv s)'ste lns t() nlolc torvlrr-tls a slilt( ol'rnl.rxirrrrrnt ttrturuilultlL'
(n(rg.r'or (nrrolt.t'. Apply,ing this pri rtciplc to tlrt'cortstt ntptiort
o['cncrgl' r'csourccs. ('ortrrttortct'rnrtintlt ilts tltitt sttelt rcsottrccs
arc buirrg "irrctricrirhlv lo:1" (p. J(r). IIc gocs ort to sltorv ltou'
tlrc prodtrctiorr ol'rrrost syntlre tic rrrlr tcrilrls. irre lrrrling l)ctr()-
clrt'nricals. uses ul) Ilrrgc urrrorrnts o['urrcrgl' rvlticlt clurrtot [rc rc-
trit'r'ccl cxccpI at tltr.'pricc ol ttsing cye n gt'e;rtcr illrtourlts t() rc-
tricvc tlru'nr (pps. lti(i-9rl ). llccurrse tlrc rrurss prorl rrction o1'srrclr
sylttlte'tics rrs plastics is higlrly prol'ituhlr:. plustics hrrvc grittlttrtlll'
bccrt strbsti ttr tcd l or ot hrr nrorr''cncrs)/-c t'l'i eicn t " rnittc riuls.
Accorrlirrg to Cornnrclrrcr. tlrc trsc ol's1'rtthctics irrttl olltct'nroil-
crrl "cnerg1,-irrtcrrsivr." Proclrrctiort tt'clrnirl Lrcs \\,ilstcs hoth cirPj-
t;rl arttl Iabor as tvell as crlr'rgy. ('apitlrl int'estsrl irt sttclt s)'stcr)rs
rlocs not re-ge ncnrtc -iobs to thc tle grcc possiblc irr ['ss nrcclrtrt-
iz-crl crtvirorrr.rrr'rrts. Althorrgh rrroclcru prorluclion brirrgs lriglrcr
Pt'ttcltretil'ity ratcs. it lrcconrplisltcs strclt rvltile rct;Lririrtg lcss
"pir rticipation" ol'lrrhor irr tlrc prorltrction pr<le css (grps. 1-l(r-17 ).

('ortttrtortcr itclvocutt's l rctun) to r)rorc orgturic protl ttcti<llt
tce ltrtiqttcs llc statu's tltut tltc cct-rrtortric dcvclollnrcrtt ol'ttltrle r-
tlcvclopctl cottrttrit's lics irt tlrcir lre ing ublc to tlcvclttp tltcir po-
tcntill t'or protlttcirrg rtlttrllrl rrtlrtcriltls srrclt rs cotl()rr llr)rl rul)-
bcr. (irorvtlt irt tltis urcu rvotrltl lrt llossiblc il'lltt tltvcloperl
rvorltl trrrne rl awl)/ l'rolit its tle llcnrle rrcr' on synthrtics (p. l-16).

('t'rr1r)rorrcr'. tlespilc ltis cluittt ol'tlisrtgrccttlctrt rvitlt tltosc rvlto
prrscrihr: urtstcri tf irt tll': ttlttttr' ol'cctllogicltl lirtrits to grorvth.
rrevcrl ltclcss it\soei lt lr's lr i rrlsr'l l' rli t lt t lrc grtltvi tlg tttt ttl lrt'r ol'
lrorrrgeois rvritcr's tr ltrl ctltttlctllrl e \e('ssivc tccltrtolctgy artd rvllo
lt<lltl tlrlrt tlrc lir ttrrc tll'tltc lttt tttlttt rltcc {c1'lutttls tllt convitrcirtg
nril\scs ol'Ig111111g Io tltl rvitll lt'rve t'Itttltlcrtt eoll\'cllicnct's (1l1ls.

l.ll--l-l).r I ltcrc lt rc obyiottsll' tttltrll' Proliltr tttl political antl
sociirl iprplicuti()ls ol'tltis vit'rv. }'ct rvlrrtt is rltost strikirrg is its
sce rrrirrgly,scicrrtit'ic [rrrsis [l'orrt u,lrielr rtttrelt ol'its crctlibllity
slclls. 

-l{lrtltt'r 
tlrrr rr tl isctrss tltc politicltl ltrttl sociltl itspccts llc-rt',

lct trs lorlli ltt ils scicrttil'ic lrrttl tccltttt>logit'ltl sitlc.r
Itshotrlrl hc rtiltctl tlltt nou'ltcrc irt llis tlisctrssiott ol'llte Scc-

(rntl I-lrrv ol"l'ltct-tttotlS'tttttttics tl<le: ('otttttltlrlur irttlielltc an)'
l\\,lrcr)css ol'posriblc litrtits irt tllc tlpct'lttitlrt of'tltltt lau'. Al-
thtlrrgh hrurrlr rts cir n crciltc rvltit t ('ttttttttotlct'eitlls "loeal isllntls
ol'rlrtle r'". ilt ltis vi,-'rv. lltc littv tttrttttlltlcs ll l)l'oecss ol'ittclclsirtg
rtltr()l))' linil "rl isrtrtlcr" lts tlrc "l'it le tll'tllc ttttivut'sc" (pps. l8-
Iti). ()the r scicrttists. ltrtrte vur. tlo ttttI tlttitr' sltltrc ('oltltttoncr's
vicrr'. Jlreotr llt'orttrrvski, l'or cxltrttltle . tlrllt's thirt rvltilc lt tlecrcltsc
irr lr':rillllrlt'cnr'rlly (utt irtcrtitrc itt trtlropl') tttlt)' tlc tltc tttosl
"Pl'tlblr hle " ()('eLu'r'errcc. tltc trrtit'et-sc is sLrl'l'icitntlt'r'irsl t() irc-
cornntotlltte rt sttbstlttttiltl tttl tttlle t'tll'lcss prollltlllt'ttttrolll'-tlc-
clcrrsirrs irctivitics, sttclt lts tltc tltvclrtptltcttt tll'livitrg tltirrgs (7-ltc
..ltt'L'tt! ol',llurt, [.ittle []ro*'rt. l()7-1. pps. 3-17-4ti). J.l). Be rnal
ltoirtls clttt llut t crtttopy'cltlt getrct'ltllr,'lle saitl to illr'l'eil\c only ir'.

rvhrrt urc clrllctl "r'losetl systr'tlls" ltrttl tltttt tltc Seeorltl [-ltrv eltn-
rrtrt rr 111rlr, 1o stte lt "()l)cr) s)'stcttls" lts lir irtg tlrirtgs (.\<'it'ttt't itt
llisror)'. \/ol. .1. l()71 . pps. 90:l--l )

It is irrtcrestirtg to ltc-rtc lltltt <ttlc ol'tltt' pritte'ipltl tltctttr:s dc-
vt'l<rlrccl [11' l:ngcl: rrr ltis /)irrlcctits ol ,\'ttltttt'is tlrltt thc irlllnit.'
tlivcrsitl' ol' rtutt tcr ltrttl tttotiott sttgg('stc(l ll1' tltc progrtss ol'sci-
cncc rrritigutcs aguirtst tltc cristurtcr'ol'stlcll sitlgttlltr tcrttlillitl
l)r()ccsscs lts iltrpliccl b1'the itttcrprttitliort ol'tltr: Sccorttl [-lttv
i.rtloptctl [ry' ('orrt n]olrt'r irrld ()tll('r's. Iror lirtgcls. "r\ll tttotitlrt
consists irr tltc irtlct-Plit1'ol'lt tlntctiort ltrttl rcpttlsicltt (P. -18). Strch
oPPlyqitr's culr ltcvr't'eanccl cuelt rrtltt'r otrt. 'l'o sttggcst tlutl ltttritc-
liorr glrirt tltu tt ppcr lutntl rlvcr rcllttlsiort. rvlrielt is rtlt;.tt tlrc totel
tl islrp1,g111111tec rtl'lLvuilublc crtcrs)' tl'ottltl ttlciltl . is lts ittcottce'ivable
to l:rrge ls us ltlrving lt ltlllsrtct rvitlt it ltortlt lrole lltttl tlo sotrtlt llolc
(p. -it) ). (-'onul)cnting on lltc ricrv ol' l(trtloll'Clrtusitts. thc phy'si-
cist rvho is rrsturlll,er-etlitctl w'itlt t'orrntt llttirtg tltc Seeotrtl Las'.
I:rrgcls srrggcstctl thut ltis rvork ltld. irt victv ol'tht ltrinciplc o1'

corls0rvrl tiorr ol'cr'rrrgl,, posetl lltt ltroltlL'rtt ntlllcr tltlut tltc soltt-
tirln. rtrrrlcly ltott'tloes cttcrgl, itt tltc lbrttt cli'ttrtil'ttt'tttl1'clistri-
lrrrtr'rl lrerrt (clltrol)\' ) lrcconte "tt t ili:ultle ltglrirt" ( 1tps. 1 57. l0 l -01.
J Ir'1 I.-rrgcls e'ritie izcs tllt (:once l)tiort tlut t Jort't' is to lrc trcute d
Irs un inrlt'pcrttlcrrt l)llononrcllott se pltt'lttc l-rotrt tttattcr. I(lrtltcr
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cncrg-v and nlattcr arc to bc scctt as irtscparltble lrottt caclt otltcr
1p. l(r8). I:ngcls notes ltow tltc "tltcrtrtal dcath" intcrllrctitlltltt
ol'thc Sccond Lurv rvith its irrrplied rclilncc ort tlte ncecl lbr itrt
"itttltttlsc frorrt ottlsitlc" or an lct ol'crcati<-rtt to sturt Iltc "rvorltl
clock" going lrads one to ir sr-rpcnurtunrl nttlrcr tlurrt u scicntil'rc
irccotrnt ol'natttrc (p. l2(r).

l:rrge ls is cortce rncd tlrroughout ltis discussion in Diult'ctir'.s oJ'
Nuture to ltoint out tltc vlricty of Ionrts ttratte r and tttotiolt lakt.
It has, horvever, bee n a cor)unon ntistakc of irlellist philosoplry'
ol'scicncc to stress the rluantitative sitlc ol'physical plrcnonrcnu
to the cxclusion oI thcir t1 ulrlil.:rl.ive as1'rccts. 'I-lrrrs, tbr cxurrtplc,
physical nrotiorl has sonre tinros be crr rr'dtrce d to rrotltirtg lttclrc
than the valtrc of variublcs in an eqturtion. A rnrjor portiort ol'
Ungcls'attentpt to illrrstratc tlrc tlLtalitutivc clil'fcrcntiation ol'rtto-
tion is devoted to a cl isctrssion of llre nreusurc of rnoti<ln. tlurl is,
to rurl'k. Il'lor'li lras botlr u rlrrlrlitltivrr ls rvcll lts tltrunlitutivc sitlc
anrl is dcl'ined b1' l:nge ls as a "changc <ll'l'ortn o1'tttotiort regurtlctl
in its qrrrntitlrtive'aspcct" (p.72). \'ct, irr one ol'lris trnclutrt:rlrt,.'d
notes, l.ingcls points out tlrc' tendcucy to inrport "thc tlte nnod1,-
nunricul culcg,ory of tt,ork" (that is, lt pttrely clttitrttitalive cclttccl.r-
tiort ol rv<;rk as sirnply tlrc expcnclitttre ot'cncrgy ) irr to plrysiologl'
and cvcn cconorrrics u'ithotrt duc atte ntiorr Io llre spcciul tlrurlitu-
tivc Icatures ol' thc'sc arcus (pps. 2l l-l l).

I Irr lnr.rn ltbor iuvolves, nrttttrally, thc cxpcnd i ttrrc o f' trrcrgy
and, irr thr' trarlitiorral languagc ol' tlre lrrrocll,nanrics, thc r1is-orgnrr-
i:atiott oI the environrrrent, brrt unlikc thc ge'rrcml situltion rvi th
sttt>Jruntln [ornrs ol enc-rgy consrurrption, consciotrs lrunurn llrbor
Itls tltc potential to cxtract infbrltatiorr l'rorrr tlrc crrvi rorrrrrcrrt.
llarry Corrrrnoncr. lrorvcvcr, l'alls into tlrc conrrnorr position ol'
erltrrting inlorrnrtion n,ith lirck ol'cn tropy'. Althotrgh '.rn\' orgutt-
i:erl plrl'sical sl,stent nray lurvc' tltc ;rotcrr tial ol' ittJrtrtttittl4 wltcn
appropriutu'conscious el'forts arc clirecteiJ torvartls it. thc s)'stcnt
irt <luestion is not to be erluated rvith thc elcnrcnts o['consciorrs-
ness rvhiclr constitutc thc ittl'ortturliorr conccrrrirrg it. Antl , al-
thoLrgh int'orrnatiort storetl in the: [rrain is inrlcetl u I-onrr ot'lriglrlv
orgartiz-e rl nlatt!'r tvhich consunrcs crtcrg), in the l)roccss ol'<lrgurr-
iz.ing itse lf-, its rlc'grcc ol orgunizatiorr is nt.rt to bc rr;rrtlcrl ivitlr
lltt'clcgrcc'o['orguniz-trtion o1'rvhutcve r extcrnlrl ortlcr it t]ril]' rc-
llcct. A tttlltcriltlist llcrsPcctive rct;ttircs tlutt rvc tlistirtgtrislt
tltought front llte extcrnrrl objccts it rcllccls. In this cr;rtncctiorr
the l'ollorving obst'n'ation [r1, tlre' Sovict biologist, Itl. ltl. Kanr-
sltilor', conce rning thc tcnrle trcy to c<xtlrrsc tlrr inlorrnir tionul irrrrl
('nL'rgctic r.rspL'cts o['e nlropl, is instIrrctiVe :

Lxtrlclion ol cncrgy rntl substarrcc inevitrbly cxhausts Ihc sorrrcr ol'
sulrslltrtcc lrttl ol cncrgl'. ljxtrlcliolt ol-irrl'or rrlrtiort, t.rn tlrt' corrlr.rrl,
dor:s rtot trrrPt.rvcrislr ils sourr:c- 'l hc rt'ltling ol'ir hook (t:rttlre ting

inl'orrultion frorn it) docs not turn it into irn e nrpty albtrnr. Sincc in
lit'c's cvolution thc tlecisive rolc hclongs to ttccttruttllti<:ln oI infor-
nrltiorr rirtlrcr thrn lo tlrc ertergl'Jspccl or tltc lrtrtcrill uspccl. lilu,
rrccr>rtlingll', nrust not hc l disorgurrizing factor \lirttlutiutt ol'!ltc
Ilitttltlrart, i\lir, IUoscorr, I976, p. IJJ).

Jrrsl lrs lr l\rllv rnrrterirtlist llcrspt'ctivc rcgitrrlirtg pltvsicul ltrrtttt'c
r-erltrirt's r.rs n()l lo irttposc in ltrlvitttcc ir rcstricttd c()rlr'cl)tiort ()1"
rrrlr ttcr, so lhis siln)c stir n(lPoirrt rr-'tltrir-cs trs Itt rccognizc tlrc riclt-
ness ()l lil'irtg ot'glurisrtts alttl lturturn [reirrgs. 

-['ltc potcrttiltl irrrIort
ol' tlre iu)(i-cnlt't'rpic lrclii'ilics ol'eorrsciotrs ltttnurrt hcirtus is gir e rt

b1, lhc l'uct tlrlt lrtrrrlrnkirrtl js rtrrrv trrrlockirtg Ilrt'cr)ornrorrs
cne rgy polcrtlilrl ol'thc utorrr.' I\lorcovcr. n('\v (lise()\'r.'rics shrlrvirtg
rvllrt sccrrrs to [re lr lirnitlcss tlivcrsitt, ol'utorrrie str'uctrrrc nriscs
sct'iotrs r;trcstiorts r('gar(lirrg I lte scopc <ll- tltc Sccorttl [-lrrv ol'
'l-lrclrtrotlt,rlt rrrit's. 'l'ltc tliseove l\r ol'ltt()llric l)()\\,cr rtrttl lrtorrtie
slr'r,rclul'cs is tlrc prorl tret ol'lubtrr consirlcrctl in ltrttlt its t1 rruli-
Irt tiVe it ntl tluilllIitlLlivc tl irrtcnsions.

Sirtr'e tlirrlt'ctiull rrrlr lcrilt lisrrt vicu,s rlrr trtrt'us irrt irtl'i rritr'lv rielr
tcttlrlitv ol'irtttrr'ortrtr'ctctl crtlitir's Lrntl proccsst's. it holtls llrlrl lrrrl'
Si\'('rl sti.rge ol l<rtorvl.'tlsc is Lt Plrt'tiltl rcl'lr:e tion tll'tltt'rrtlrlt'r'ilrl
tvtlt'lil. Strt'lr plt t.liltl It't'lcr'tions clln [rc corrlirtrroLtsll'rcl'inctl lrs lre-
(ivc ilrrt'stigrr tiort cnsr.rr's. 

-l'o 
tlte c\lt'nt tlrill llutr.rirl c\tuntill re-

rtlitf is lcl'lectrtl t>trl itlclls ule olr.jeetircll, trrre . lltr t to tlrc uxterrt
strt'lr rcllcctiort is lrlrrtiill rlrtr itltlrs tr|r' irtrtlnrPlctc. l:r crt .'r'r'trr
rtttts[ [rt'ser'rl its ltavirtg un tr[,r.iee tivr'rcllr tiort ttr rclrlitr.lrs [rciril ..
tli:toltctl tr r)(l inL'()n)plctc rcllcctitlrr. Seienet'is tlrcrclill'e [() [)r.
r itrvutl rrs ctlttlrlll' ltrt ut tirit.t' lts rv'r'll us lr [rotl1 ()l il('ccptc(l l'lrcls.
Ilou't'rcr..irrst trs c:.r 1'litlrlist llrorltre tivc ru'llr lidrrs ohst'rrrr' llrc soeilrl
nir lurc ol-pt'orlrrctiorr. tltirt is. tlre luct tllr L tlrr'sorrlce ol'rvclrltlr
lics rtot irt err piLiLl [rut irt tltc crlllce tir.'lubol trl'intliritlrrtrls. so [()o
is ilte socilrl nilIulc ol'suiclrcc lrntl t.'e lrn<llog1' "lctislrizcrl."{
llrrnlrrrkirttl's clclrtiorrs. lccltrrologicll urrrl otlrt'r'rvisc. stirr.rtl "cs-
tt'urtgetl" ll'ortt tlttir ertirtors urttl ctorl se t irt tlpplr5jtiorr to tlrcrn.
l(clrrtiotts ittr'olring [rtrtlr irtrliritltrlr ls untl tltirrgs urc rrrispr:rct'ivetl
rts ltcittrl srtlcll t'r'lrt tions liln()rtg tlrirrgs. i\l iu'x r'or'r)n]ctttc(l orr llris
l)l()l)lcilr irr tlrc I trllou'irrg l)itssiill(':

lr)()ur (lit)sevr'rltlrirtgs0rrnrsl)ru!nlrtl rritlritseotrlr:r15'. Il:rchirttrr.
giltctl rrrtlr tlrc rrontlr'rlull)()\\r'r ()l slrortcrring:rrrrl lrLtclil'r'irrg lturnurr
llhrrr. rrr ht'hrrld stil\ ing untl rrlcrryor kirrg it. . .1-r'cn llrr purc lil'c ol
scie lrrt stcttts tt nutrlr' to sltint [rul lrrt lltt' tlltrk lrl. ki]t(,utlrl tll igrtor-
lrtcc. ,\ll our invetttirrn iurrl l)rogrL'ss sr'cnt to lestrlt irr cntlorlirtg rtill-
cri:rl I'ortrs rvitlr intullccttrll lilc lntl irr stultill,irrg lrurrrrn lif'e into I
rurr tt'liirl lorcc. ("r\ Spggr'11 ir'r l onrlorr." in Sclslnr, (ioltlsly, urrd
l\lrute l. t(1s.. 1)l /r(I/,/ir's ttl S'ot'itl ('lttttt:t', Intcnl.tll()rlul. I(r70, l). -l-15-)

'l ltc 1,1'g19;1 t-tllr1' tcrrtlr'r1cy to Pt'rccivg tlrc cl'l't'e t: ol'u t'rrnlru lrv
soeiirl s5'stcrrr, ctrpitulisrl.lts l'ulti.t\\,itY tcelltologv irtstcl.trt. is itrt
tt lrrlrrtctl lirrrrr ol- lltt' !L,tltrtolog.v Ji,tisltivlr ol'u lrit lr i\llrrs s1'rcltks.
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T'hose likc Cottrrrtc-lncr rvlto rvritc ol'e rtcrg)/ sottl'ces lrtttl tltcir
waste, liril to vie tv ltttl)uln lir[)or itsclt'us tltc sltecilrl rcsott t'cc tltltl
it is. The re lirterttcrtt ol tecltncllogy incltrrlcs tltc re I'irtctttcrtt ttl'
labor, yct as Mlrx artd Iing.'ls botlt sltorv, tltc tlc:r'cloptttcttt tll'
capil.llisrrt artcl th,-' grorvtlt ol'rttacltittcry itrttl tccltrtology' gcttt'nttc
a srrrpltrs labor force'l'or rvlticlt capitrlisrtt Itus rto ttsc.s Yct, it is
not tht'grorvtlt r>l- rracltirtcry anrl lccltttt'llogr,, l)(r \( tltlt I cttttscs
slrch a strrplrts litbor lbrcu' to bt I'ortnctl , [rtrt nttltcr tltc rtcctl ol'
capitlrlisrrr to exploit Iubor lrorvcr in ortlcr l.() c\trltr'l pt'ttl'i ts tttt-
dt'r colrtlitions rvltcrt-'an ilrcrcusing portion ol'cuPituI is irtt'cslttl
ilt rrutcltincrl'ltrtd otltct'nrci.rns <.rl'prorl ttcLiott atttl tltr:r'e [ry tltlcs
rrot gerte'ntte lny tclditiortal .sttt7l/t rs t'ulttt'. As I:ltgcls obscrve s.

cver)'grown l)crson is capirblc ol'prot[tre in[r n]orc tlutrt lte or sltc
consunrr's elsr.' htrrnllnkintl coultl not ItrttltiPll' ("Otttlittcs cll'll
('rititlrre ot'l'oliticrrl [:coltorrrl,," ir.r NIurx-l:ng.'ls. (ltlltt'ttd Il'or'li,s.
Vol. i, Ncrr' \'ork. I()7-5, p. 43[i.) Itlorcove r. llre srorvtlt ol'scie n-
til'ic ltncl tccltrticlrl krtorvlctlgr increlrses tlrc cl-l-icie rtct'ol'tltt lir-
Lrorcr. \'ct Cotrunr)nr'r sccs rtrorle r-rt plotltrclir',.' rtre tltotls lrs lrntlrg-
onistic to hrll crrrplol,lrrcnt,lrclltlirrg instclrtl tltlrI cvcrt u socialist
econor)r)' orrglrt lo re Iv on prirrritivr lubor-in trnsive protlrrctiort
techniqrres. IJrr t horv rlocs (bnlnoncr blrsically vicrv lulror"] Ilis
exalrrplcs sulrgcst tlrat lre vicws it prirrrirrill,irs sllccr pltysicirl l'olec.
jrrst tlrc sort ol'sirrrplilicatitllr ubcrtrt rvlt jclr lingcls tvirt'rtctl

It is not tlrat ('orrrnroncr :urcl otltcrs shuring ltis ltpprolrclr
shoultl abirndon thcir cri ticisrls ol' thr' trsc lrncl rvuslc ol'cnclgy'
rrrrde r clpitulisnr. lllrthcr, it is nccesslu';r t1v 1'g1'6onjz.c tlrlrt it is
cupitulisnr's nc-t'd [o cxlrloit llrllrlr l)o\vcr, not its nL'o(l Io wustc
L-ncrg,y, rvhich is tlrc'rlrivi ng l-or-cc. l..xploiting lubor l)o\vcl'trrttlcr
arlr,lnccd l'lroduc:tivr-' conrlitions nellrtcs thc rlcvcloprncnt ol' tlrc
firll potential ot'labor. lt is ulrrrirrst tlris lirll potr'rrtirrl tlirrt the trst'
ol'crtct'gy sources ncr'ds lo lrc rvciglrcrl. I{rrl rrt'irrg labor to lr

sintplu rtrtirlire ctiortrl erpenrlilrt rc ol'cncrs)/ artcl rccltrcirrg ph1'si-
t'al yrloccsses to lt sinrillrr linclri 15, urc tltc l'r'trits ol'ttrttl iltlccticlr I

tlrinking urtcl tcclurologl, lctislrislrr. A gi','crr c<lrtccl'rliort or lnorlcl
Ol'irrt1' lllttttrltl l)l'Oce ss tttltl' rycll f icltl itrlportllrtt tlte tlt'e tic,l llrttl
pnrctical resrrlts. \\'lrlt dirr lrelicul rrlrtcrillisnr tclrclres rrs is tl()[ lo
corrrrrrit llrc idculist crror t)l'srrhstitrr tirrg tlre rrrtlrlcl [irr tltlrl rvlti.'lt
it rul-lr:r'ts. I\l trelt o l' tlrc "blrtl" plt i losrrplr izi ng eortecllr i rtg scicrtec
of rvlrich I:ngcls spoke c()r)\isls in nrir kirtg llri: nristrrkr.

('tdttt' litlls. lrtt'tt .106 I .i

NO'I I:S
I. l;or tltc l\llrxilrn c()rtacpti()n rrl scicttte rrttl tr'cltnologl', scc l'.rtge ls

Diultttit:ol ,\,tttttt' lc'p.('lt. l)lrrrtl-ltrti l)ultrttr.q (esp.(lrs.5-l"i ),\llrr
('tltttrtl ( \rtrl. l, ('lr. l -s ).
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2. For thc vicw tltat ecology dictates "lirnits to growtlt" and general aus'
terity scr: esp. Donella ll. Meadows, et.;tl.,Tha Limits to Grov'th,
Univcrsc Books, t9't2, 1,974; l''tul tlhrlich and Annc Ehrlich, Population,
ll.csourccs, L.lrtvirontnent: Issucs in Ilttman Iicology, Frc'cman, 1970,
1972: Ilobcrt L. Ilcilbroncr, An Inquirf ittto lhe IIunrun I'rospect,
Ncrrtorr, lt)14, 1975. Corrrntclttcr's clailtt that he is not atlvocating a

vicrv bascrl on ecologicitl linrits is not terribly convincing as his rcljancc
on labor-intensivc tcclutology wotrltl sectrl to prccltrtle tltc ttse of ttruclt
nrodcrn labor-suving tcchnology. lt is on this tcchnology that the
nrotlcrn stantlrtrtl of living and its attendent growth rcsts.

Irrorrr the Mlrxist pcrspcctive, the vicrv that austcrity is a conseqttcnce
rrrirrrtlllctl by scienlilic nccessity diverts lttenlion fronr the role of the
capitalist drivt'l'or prol'its as the real sourco of thc pressure for arrstcrity'
'l'o his cretlit (-'omrttonur does strggest that i1 is inclced this drive for
prol'it which is the causc ol this prcssure and of the wastu of rcsourccs.
llowevcr, his reconrttrendation o[ an absolute cessation ol the prodtrc-
tiorr of synthctics hlrdly accords with thc gcncral socialist aim ol all
rotrntl irrrprovcrnent of tltc stlndard of living and I lighte ning of thc btrr-
tlcn oI llbcjr. Also, t() rcconrntend to undcr-tlcveloped corrrrtrics thrt
thcir only prllr to a highcr stantlard of living lies not througlt inrlustriirl-
iz.:rtion antl tlrc crrtploytuettt oI ttroclet n tcchnology trut ralhcr tlrrough
the cultivltir>n of labrtr-intensivc industrics such as tlrc pro<.luction ol
nlttrrirl [itlcrs rvottltl seclrr to ccho thc titttc-wortt prottolltlcettlcnts rlf
thc colonialist.
Iror M;.rrxist tliscussions of thc social aspcct of scicttcr', sccr Engcls nnd
Marx, rrs notctl ubovc, :rlso tltc works of J. l). llernal: 'l'ltt' Sociul l:urrc'
tiott t.tJ Scit,rrt'r' l()(i7, antl Scicntc itr lli.rtor.v l97l (both lvlll'Press).
St:it'ttcc ottd lrtduslr)' itt tltc l\titrt'lt'L'ntlt Cc,ttur-r' l()70 (lndianl lnivr''-
sit y I)r css).

On thc ccntrul Marxii-rn notions oI surplus-value, labor power, constcnt
irnd varirble capitrl, see Nlarx, Capital (Vol. I, Clt. 8) arrd ltis panrplrlels
ll'agc, I.abttur, otrd Cupital 1953, llalue, l'rice , artd I'roJ'il 1935; also, [:ng.'ls
"Ouilincs of r ('ritiquc ol l'}olitic:rl lrtronottty," in l\llrx-[ingels Collcc'tcd
Il'r.,r,(s (\/ol. 3, I t)75, pp. 4 I 8-4-3 ) -All ln ternational, Nerv'l'ork.

AUDIENCE INTERACTION

David Schryartz.rnfln ([Jo\\'flrd [Jrriversity. I hlvc J problcnl wi tl.l
lhc ol'tcn-statcd iclea that living things violltLc tltc Second l.arv.
'['his tle bltc hus beclt g,oirlg on l'or sottrc titttcr altrl I rttaintain tlttt
yotr havc to consitler tlre'organisnr attd its ettvironnlent as a sys-
tcnr. In thlt systcrtt, tltc etrtropy will incrcasc.
Lloyd I\lotz. (Colunrbia Univcrsity). \'t-rtt ltave to bt: certain u'hat
kinrl of systcnr you're talking about. 'l-ltc Sccond Larv applics
esscrrtilrlly to urr isola tcd systcttt. ln an i-sollttcd systctn entropy
at best can rcn)lrin conslant. ll'the rc arc any irreversiblc proccs-
scs, it nrust increasc-. Sir.tcr: lto living orgarrisnt is,ltrt isolatcd systcttt,
wc cirnnot spr:rk ol'tlrc cntrol-ry ol'thc living orgrrtisrn by itscll'.
Wc lrin'c to considcr tltc entrclpy ol'tltc orglrnisnr in its cnvironn)cnt.

4.
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Certainly the total entropy w.o.ul{

*trv ttre 
"ntropy 

of thc individual
tha expense of increasing entropy

m the Second Law seems to
er. lt's the sort of thing that

results, I think, when people try to impose a very simple concep-

tion of matter'

ll the work was done , seems to
rcasing, entropy in various
at thcie is a corollary to the

tain parts of the world, that attr
eisewhere. There are onlY a few
talks about the Second [-aw, b
alt thrust of the work is aimed
reading of the Second Law'

ologist.
olicY under
tion vis a vis
his comes

in the case of nuclear energy ver-

sus solar energy- Conrmoner an

that to solarize the economY w

and that when the Panels rvere

costs for consulners, which is s

thinking of solar energy and nuclc
i"iri iJpitrl costs and"iabor costs and health costs, conrttroncr

;;;;;;;i io. solri power' Now, politicallv' we have to get

il;i;; o *n.itr, i p o r', ti t i t it t a n d i ir e n 
.rI 

evc io p u" tl-t t^$.v-. go I i cv'

But, in thc nreantil"., *f,"t position shoultl C progressive scientist

irk. ;;';;.t.r, uir'r-ui, ,otui and jobs? Your critiquc of Cotl-

nroncr's work is very tinrely.
Nlorgan. We cotrld gct off into a whole clebate about sottlc of
thcsc otlter cnerg,y sotlrces. I'm not sure I agree with yott or Com-

nroner on solar cne.gy as a panacea or about nuclear powcr per

i". nrii ao think tliit *" have to be aware in this debate of a
"il;,I 

;i,i,rtit."t,nology that has crept in and influences even pro-

g..*i"t ir"opr.. In otlier words, if one Iikes what Commoner says

it"rt wiste under caPitalisrtt, sh '

iiiriiiiiiily *riut col,mo solar

;;;;; oilr',,tto"rl.nricals? It be-

;;;;ii;; ;;ii s;,lct notio cr big

are 4...
Bcnja nritr Dekon ( Springfiel<I, .N' J' )' Dial ectical materialisnr'

ri",iiv.rt ri.*poini, i.eirlt to'be o.pposerl to entropy-death of
ii*'r,ii"**e. Is 6ialectical materialiinr then against tle big bang

theory of creation?
I\{organ. Tltc ultinrate lirst
Deleon. 77re big lrang!

big bang or jtrst anY big bang?

Page 22 Science and Nature 1978 (l)
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thing, ltowever, is not to altogether belicve it rcally.
John J. Dropkin (Rrooklyu Polytechnic). I think rvc ltave to nlakc
a distinctiori betrveen the consc,qucnce lyc draw oI tlte laws oI
nature and the fact tltat natttrc is subject to law. 'l-lrcre is no suclt

thing as hcat death because othcr [actors colnc in -btrt tlris clocs

not iay ttrat there is no such thing as the Sc'concl Law of Tlterrtto-
dynaniics, out of which heat death has bccn predictcd. T'lrouglt
it is a basic and fundarnental law, it rnay turn out false because wc

cannot say that rve havc absolutcly cxhattsted cvcry phase of tllc
determination oI natural law. llorvevcr, llte Second Larv is oltc
of the rcal fundanrental laws rvhich shoulcl not be tltrown arvay
just because heat death is throwlt a\\'il)/.

Saul Birnbaurn (Bronx Contnrttnity Collcge). I clon't think rvc'rc

I\lorga1. Like thc anti-nuclcar tnovenlent. flcgarcllcss of rvltat
yotr-think of nuclcar power, the rrrovcrilent cloc-s not placc sul'fi-
cicnt empltasis on nttclear bottllrs.
Joel Srvartz (University of Illirtois Scltool of Ptrblic Ilealth). R

qrrick comrrre nt on tlrci Sccclnrl I-a$,. I agree lhat biologiclrl sys-

tenrs rton't violatc thc Seconcl Larv bccattsc ctttropy is crcatcd irr

the rvholc of thc cnvironttte tlt. Entrolly decre ascs in tltc

Page 24 Science and Nature l97B (l)
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orglrnisrr.t bttt thcrc is a ltel ,

the re is solnctlting qualitati
arcas rvltcre orgattt=ulitttt is
rvith the Second Law. The
about it. Nor do any larvs of physics. Presuntably, therc is some
law-of evolution or sometlting elsc-that is operating. So you get

a phenolncnorr rvhiclt cloesn't violate the Second [aw because it's
totally dift'crent frorn the Second [:w.
Morgan. There are
sibly would saY tha
least that they rvill e

law is sufficie ntly v €

will be no end-poirtt, tltat living systenls wjll becolltc tuore and
rnore a nrajor lhctor. This is ltot to say that it u'ill happen but
tlrat it's ,tot to be precludcd fronl lrappening.
Srvartz-. I noticc that a lot of the ecology people, some of rvhonr
are progressive, keep dwelling on There was an

exclrangc a year ago in Scientific Neilands who
kcpt trlking abotrt the Second [-a the socjalist
countrics answgred by saying this 1... I don't un-
derstand rvhy the Second [-aw is important to the study of ecol-
ogy or why it's raised to that point.
Dorninski. Tlte most useful point that Colnntoncr raised abotrt
thc Second Law is what engineers say: that you don't use a higlt
quality sourcc of energy like electricity to heat a ltonte wlrere you
could use a heat puntp that puts more Iltu's into your house-
IIe's saying that to design an cnergy-efficient economy )/ou tlse
encrgy at the appropriate tetnperatttre and that, in a nutshell, is
wlry ecology is conccrned.
Morgan. I can certainly agree with Commoner on using tlte
Second l-aw to make energy choices itr a context of lilnited op-
tions, though its use in an "extrapolated" sense is incorrcct.

liditor's query: What are the inrplications for Marxist categories in the

work of Nobel laureate llya Prigogine on thernlodynarnics? See "Tirne,
Structure and I'-luctuations," Scierce 201:77'l , 1978, and "Thermo-
dynanrics ol Evolution," Physics Todoy, Nov. and Dec., 1972' O

Unleashing the lntellect -
'I'lre rrncertainty principle is ol-rtairred as a 1>ractical llmitation on the pos-
sible precision of measurements. This limitation is not; howcvcr, inherent
in thc corrceptttal strttcture of our interpretation.
- David Bohnt. Phys Rev 85: l80, 1952.

Barry Contmoner on Therntodynamics



A study in
the dialectics
of creativity

ON INTU]TION VERSUS
DIALECTICAL LOGIC*

Nikolai N. Semyenov
Member of Presidium
USSR Academy of Sciences

A physical chentist tells
of f irst-hand experience
with the process
of scientific discovery

Sltore<l 1956 Nobel witlt
I{inslrL'lvood oJ O.rlord

A Phi losophical Preface

The birth of dialectical logic is connected rvith the lratnes
oI Karrt and lJegcl . Kant lrad alreacly rlernrlrrstrated that
the allllcarancc oI a contrarliction rvithirr a scicntific cotrccpt
rvas not thc result oI sorne regrcttable crr<-rr of reasonin.g,
logical carelessncss or irnprccisiorr, but a ver)'natttt'al statc
oI thc lruuran lnind at rvhiclr thc nrind arrives lrccause it
has obscrvcd lnost painstakintly all the posttrl;ttes ancl
rlcrrrrnds oI strict [or nral logic, or dcfinitcncss of conctpts.
[)cvr:lrrpin11 llris 1lr,'irrt oI r'ierr', I Icg.:l be.gan to cxalrirrc tlrc
lo.qical contradiction as an internaI tnotivc [orcc oI devel-
o1>rrrcrrt, as the "nrotor" of matr's ctrlttrrll dcvclriprrrcnt, in
tlrc spirittral arrrl thcorctical splrclc abovc all.

l\larx 1>urgcd I Icgcl's clialectics ol' its itlealistic bias and

.gal'c it lr nr:rtcr-ialistic intcl'prctatiorr. thcle[;r' llving the
Iounriutrorr oi nrltcriaiist ciialcctics.

*Adlprte'rJ ll'ont rtt articlt' irr

Social l.JJ'cc rs o trd l't'tt s1tet t s.

Page 26

7'l r c Sc i ct t t i J'it' o t rd l'cc' I r rr t I o gi c o I R. e v o h t t i t t t r'
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lVe find that. on the whole, Marx's theoretical thinking
ran on the sanre lincs that rvc observe in the development
of natural science, with tlre onc difference that Marx rea-
soned quite consciously. whereas in natural scicnce the dia-
lectical- movenrent of thought is still mainly sPontaneous.
I{encc the fact that natural scientists very often trave an
inadequate conccption of the true logic of their own re:Lson-
ing. Not having nrastcred thc system of concepts of dialec-
tical logic, they consider their own actions in terms of
inadequite concepts, and ihis hampers, at the critical points
in the development of natural science, their quest for a way
out oI the blind-allsy ,i,I contradictions.-E;g;i; *ut-i"tt.u-ental in devcloping.and applying the
Ma.xi"st dialectical method to the 

- problems of natural
scicnce.

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

Furiher reflection upon this quertion incvitably -suggests
the conclusion that ttre-Marxist dialectical method of reason-
ing is philcrsophy's most valuable achievement, an achieve-
mint i[ can a.,d-must share with natural sciencc. It is from
this standpoint that philosophy apPcars above all as Logic
with a cafital L, as i thcory of knowledg-e that corresponds
with the present level of development of the 20th century
natural arid socio-historical sciences and their current needs.

Lenin regarded this as th alectical
materialism. Agreeing with concept
most emphaticilly in the alectical
materialiim 'does'not need a g above

the other sciences'. Front previous philosophy there remains
'the science of thought and its larvs-formal logic and
dialectics'. Dialectics,-as understood by Marx, and also in
conformity rvith t{egel, includes rvlrat is now called the
tlreory o[ 

'knorvlcdge' 
or episternologl'."1

1'he categoi-ic.s oI nratcrialist dialcctic's are tttcatti.tl.S.f tr[;
thcy' rcllcct the objcctivc world rvith all its contradictions
arr,i intcrrclatit.rns.- 'l he y are not sta.gnant conccllts, btlt
continue to dcvclop and acr;uire grcatcr rlrcrnirlg. '['hltt is

u'hv thc applicatioir oI the system of <]ialccticat catc.qories,
tli:riectics is a lrrctlr,rd,,I c,ignitirlrl, t' t'irri'-ttts sllhcl'cs of
scicrrcc stirurrlatcs urr<l rlcvclolts thinkirrs in thcsc scicrlccs
anrl thus le;r<ls trr thc pr':rctical tr;.tnsforttrltlir.rtr trI r;lricctivc
lc;r litr'.

t \'. l. Lcnin, ()ollr'rltl [ltr,rls. \'ol 21. p. 5{.

lntuition Versus D ialectical Logic



has harl tremendous consequcnces, rvhiclt are alreacly cn-
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lJtrt-ancl rvc insist- lhts ts

of the rnatter in general, to

and this allorvs it to be used

some unscicntific and essenti

for instance, that the scholasti

s). Orlc nccrl s^ivg no other'
it,'ugglc against the concepts

TIrese Dr.cruiscs, aDd the conccllts oI the natural ilrrcl socia[

,.i ;;.-; ;,i;;i,-;;it;.i tt,"r,, arisL 
- 
rh r otrsh thc irrter,.r'ctati o,r

;i';;;;.i';.'rit, tlr"-"*p"rience oI r'ca[ 
-i'u"'an acti'ity' arrd

thc 1lr acticc <lf- trans[ornling llatttrc'

The Nature of Natural Science

I'lre natural sciences sttrdY

set thenrselves tlre immediate
stand the nratcrial world' In t

ins the active, Ptrtlloscfrrl, a

bc[tv.e,t ttran's tllinkin.g and
world. OnlY strch contact
basic postulatcs and cotl
physics and clrcrnistrl', and

scicnce as a rvholc. BY thc clos

(ilcecc r.nostly conIincd thcr

i,rtprt.f ..,i, 
-ii' 

lt it to wrest from nattrrc thc atrsrver t. a

.rrcsti,^ lor,rulatei r...;Ji"g to st.ict theoretical p.inci.les'

illi,'j';1;:,1i;,"r"t,ili";ty, ir r.,',,'.ti'rtcs tlttite .nex,icLctl. ,rt.rl
irrstc:rtl oI ltn ^,trtu.ti 

nlrtttt c scts thc scicrrtist arrotltcl'

ir, rr,i.,,,i 1:l,i. ,rcat's lhat cxpclirrtcrrl catr nlltt' a rcvolu-

titrnuty t,,lc orrl;' -t:i;;'; ii'i"'lo"t1' linkctl t"ith tlt" clo'cl-

:;;,ir;;, 
'"i-rr,.,,i"t;."r t5i'king' It' u'.s rSis closc cb'tact

t Ni."l* ll,,rrrlr.rki, "l"'\rt:lritccttlre (l(s rttatllctrtltirlttcs' Lcs gr:rrt'ls

(')uI:rtlts tlc ll l'crrsi'c"tttif't",'"'''i'i"ttt' (1"'it ri '1rr '\-rtrl' 
lgtS' ,p' 3i- 17'



betrveen the developmcnt of theoretical thrnkrng and- thc
clcvelopnrent of scicitific experiment that rnrt|ketl thc birth
r'I the natural sciences in th6 rnodern trteanitig of thc rvord'
Iixpcriurcntally vcrrfied prenrises \\'crc. s)'stcrlratically put
int,r thc basis-o[ scicnti6i knorvledge. Arrd the sttbseqttcnt
<lcvclol>nrent <lI sciertcc assunted thc [orrn oI a dranratic
dialoguc betrr'ecn the existing s1'stertr oI concellts arld tllc

sciencc follo*v discoverics that corrrc intrl conllict rvith cxist-
ing systcnrs o[ concepts. o[ strclr cotrtradic-
tio-ns-lcarls to the cnrelgcn tific conccpts. rvlriclr
urc sonrctilncs cpoch-nrak tirlnise scictrce as a
rvhole. llut' muih more cnts arc o[ linritetl
si.grri[icance, ensurin.g a substantial ltrlvance t-rnly lvitfi r'c[-
crencc to sonte lrarticular scientific qttcstiot.l. Neycrthelcss.
takcn togcther, all thcse discovcries, major or tninr-rr,. do.in
the mairi 4eteimi'e the revoluticrrary' ad'ancc oI scicntific
knowledge.

A Case HistorY in First Person

cliscol'cries, confirring nti'scl[, of coul'se, to tltosc -tlrat cn.tltil
tlre crncrgence oI a irerv, rlbe it slletific crrrrccPt. I iu,te rrr.l to

cite a cr.,icrcte e.ranrplc front thi hisL,rrv oI tlrtlse "ntirt"r"
discoverics, arrrl to foll,rrv closcll,tlrc trairr r-rI tIrrtr.glrt tlrltt
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'l hc rapid reaction at pressure abovc tlte limit cante to a

co-plet.e halt as ,,,nr, ,i thc pressttre of the reactive nrixture
fell io a certztin rcsidtral level, slightly belorv the lower
limit.

t hcrnical irtct.tncss.

ir',,:r'crisc.l rr'ilI lt r isc irr tlrtrpct'ittttrc. \\'lre lt tltc tcrtrpcr';tttrlc



rcitclrc(l a ccl'tilil'r criticitl valtlc lln e xl)l(rsion lrrllo$'crl' lt
rvus [rrunrl tlrat:rt ir Cor.tstltttt tctrrPelatttlc tllcrc ts A crlllc:11

r)fcssurc uDrl cvcn a criticaI vesscI siz.e. Irr tltllt'r wot'<ls,

L:t:';';'ii;'r.;"'i,,J"a vcr v r.trctr likc thc disc,vcrv I ha'c

ol' thc pltcttotttt trort irt <lttcstioll'"'i;,'r,,,';';"i", tri",,,l,lec,rlcs oI ox'gc.. arrrt,5,rs,6,r'us
lr"i,,,r- lirc .givcrr 1,."rr,,, . ii'rit rve l'c iircirt irl rcsllcct 'rI c;tc6

otllcr.Tlrrscouldnattllallybeattrrbutcdtotltelrlgltcncrgy
of activation ancl tlic I,lw tempcrlrttlre of the cxlleriment.

Mechattisnt of tl' r cl" Reaction

Cl1+qulntuul of tight +Ct + Ctlgcrrclati,rrr of cllailt

('t l. 1l: llcl l- H

ll -f ctz ll(;t + (:t
ct.t- il:r + ltct + t{

charrr propagation

Cl + cl clz
Ct r- activc adrrrixttrrt:

ll" + ct,

e tc.

Il chairt lermittation
I

= 2 tlct

t'ig t

ljr t,rrr (lrc kirrctic rclrrl.rr it ics .Icvc[,rPctl b1' li,.,tlcnstcirr, it is

.urr] 
't,r',i"i.',,,.ri,.r. 

tt,! t.'nsttt t'I thc cl'ai'r'v, i'c', tlrc valtrc

,r,.,i,r,,r.ti,,,.,,1 t,-, tlre r-1 1<'pf tltc rcactitlp, rr'lticI is Ilratlc trp

l,i r't,.1 ,,r.,,,.'1,", ol clerrrr.nt;lt'y rc:rclirrns irr tltc Iritin l'rrrrrr its

[.,r",],,ii,,r, tr..r its tclrrritur[it,rr. l],,tlr c\l)('titllct)talll' .ltrrtl
iirc,,rctic.rlll', tlris vlrltrc vrtrit's srrrtroth!1' rr'illr thc vlrri:ttitttts
ol 1ll tl,. i,r.,r,r,,.,r:tcrs, untl thlrt i-s u'lrv it rr,as r,I no rIilcct
lrssi*t:rrr..e t,r trs irr cspl;ritrilt.g,rrrr lirrriliir.g pltctl,rlttcttll, rr'lriclr

rvcr.c cl;rr.;.rttcr iscrl lr1, ;r slrarp tliIle rcrrcc i1 t'cltctiotl rlttcs.
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Ncverthclcss, \ve ryere hauntcd by thc iclea or t-athcr, a

,n.*,i. i..lir.q, that thc phosphorus o'xitlation reaction wlts

;;;,;h"i;-i;nl,,e.t".l rvitli thc' concc,r of Llorlcrrstci n's chai n

rcac( ion.'-l;'.;;;. 
cs,ct'itttc'ts, \\'c \vcrc attrazctl b1' t5c fact, tlrat tlrc

linriting lrriis,rrc <lcllcntlcd-on sttclt,arattrctcrs as tlrc vcsscl

Ji",..t'i,.^r-rr tlrc pr"1.,,." oI tle i,cri. gas atlnrixttrre, w5ic6,

;;;;;'*;iy; st,,ruld 5itvc nothing t, du rvit6 t5c clernentarv

,t.p, oi reactions. According to our cxpcrime rrts' thc linrit-
ing p.cssu.c P1 was inversely pro.portio.nal .to the :q'"'".:1
the ves.sel diamctcr. t!.r. ot,l couli mak" thc piri'ely rncrrtal

cxperiment oI enlarging th-e- :sscl ad infinitrrnt' ln that casc

thi limiting pr.rrurt iould In othcr

*r.ir,-iri.1i,i',iting pressure w the rapid

reaction rvottld oclui u,,,lcr t " 
llis lneant

ifrii tlr. <levclopmcnt o[ the rr e.<l b.v thc

;;;llr .i lt," 
".1rr"t.- 

it 
- 
tlr"n occttrrctl to rrs that thc vcsscl

diamctcr rniglrt exert a sinrilar effcct on l]odcnsteiu's clrain

;;;it;;", ,?"if .-f i llorlc.stein's chairrs could bc tcrnrinaterl

,o-u- ."rult of thc captrrrc ,rf atortrs anrl ratlicals bv activc

o,lrrri*t,,r.., thcrc tvas tlrc probabiIity-grcatcr.or lesscr-
that ttrcv rvotrld ltc capttrrcd b1' thc vcsscl's rvalls' tltrott'glt

.i;;;;;'rpii"". 
-.'f':,i, 

ti,pc of icrnrinari.rn .f lJurlerste i.'s
chains sltould naturally apPcar tttrtlcr reduced prcssUcs'

.rt,l"-t".-inatio,., in thc gis 1rl,ur" rvas lcss intcnsit,c. This

callcrl for an .^1r"i;,r,.,,i to sttr<l;'-the .dcpenderlcc,of thc

ratc o[ the photoihernical reaction o[ hvdrogen and chlortne

on vessel dianrctcr ancl prcssule. In 1928, these e-xpcrlmcnts

fully bole out ottr h1'poihesis' T I chains on

r;iit i;i;r1i,,".a ,,ri t., bc cotrt rt rcrtctions'"1o."".itt 
the cntl ,rf 1927 rre ,thesis as a

b"ri; ;iii;"trt ruaiting' ftrl thc r xperirrrcnts'

Unrler tlris asstrrrrPtion it rr'as not lraltl t.l [irrrl a tttatltcrtrat-

bctrt'een our discoverl' and llodcnstein's chain reactions

ir".r-"' l*t."ri,tgly piobablc' Our clnpirica-l eqttati.u ();'..: I

.oula tlrt b"."*.1tt'"11 15 vi:l. Thii, as I have sai.'I, tlirl

nui, 
-ot 

.o,,rsc, tlilcctll' lc:t<l- trs- tr.r lirc soi

.""tti"t. Iror thc lcrigth of chlin in th
;;ii;; varie<l quitc irnoothly-rvith thc

i".'li"if a criticnl'diamctcr d1 (Pr rcrnainil
*uf,l.ft 1fr" rcaction <litl not occttr at all'
very r.apitllY' itbovc iL'

I'svcholocically, thc bcnclits, horvct'cr, werc ve r)/ great'
The'contra.ii.tin', ha<l bcconrc even more precise and acute'
II carlicr rve had had to discover the reason why the rcac-

elsc, lay the anslvcr.

The MYtlt About lntuition
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erminated, Produces an av-
tarts a secondarY chain' etc'

in is comPensat :d bY one

a whole inhnite' so to sPeak'

to each cubic centimetrc o[ gas onc

11 
-infi"ite chain' Taking t.' to

entry into each elcmcntary reaclloll'

wc find that we havc 7 rcactions a sccond' In t seconds wc shail

;": X:) : *ulttult' oI tlrc initial substanccs 
.rcacting- 

Orving

ls' t is usuallY srnall'

"t' '\t"'uing 
[urthcr that

i"iiiut 'nol"ciilcs 
in a cubic

lI take to bring th-c reactiorr
X 30o/": l0l7 : l0:'t; hcrrrc'

rs (sec Fig' 2)'

avalanche, in accordhnce with the Ae?r law, rvhe,re the
reproduction coefficient tp is ProPortional to the difference
6v'- I and inversely proporlional to the length o[ Boden-
stcin's chain 'r and time r.

Evcn with a rninor change in thc initial pressure of the -mixtu.rc,
say, by I pcr ccnt, above thc . lirnit and re.spectivcly-^ with
vd' - I - 0.01, thc avalanchc wilt dcvclop so rapidly, . tha-t 30 pcr
ccnt.i tlrc substancc will react in roughly { minutcs (scc Fig' 3)'

Naturally cnotrgh, belorv the linrit, when vi(1, and the

n,r*b.. of ie.*initions is in e.xcess of the number of branch-
ings, the admission o[ one radical cannot result in a reac-

tio--n at all and the incipient chain will quickly be

+-.
X=i: i= t0 "sec

p = I /rco alm =3'l0r'molec uteslmt

Xrrz.= lolT= lott

troz :lo'tsec = 3 mln Years

Aeft

fia-iao--'T)

r,d-l =0.01

t*r.=4 mln
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such a great help in solving the crrntradiction
discovered, turncd out in the end to be irrclevant'

i,.:til!'l):':.'[i"T,il: li;
reaction abovc the limit rvil
lw e;t, but here'7 will be

with rare hranchings.

If in this case \ve incrcasc thc initial Pressure by I -per
cent above the limit P1, the admission of one primary tree
atom or radical into one cubic centimetre of gas will pro-
duce a reaciion rvhich takes not 4 minutes, as we havc seen

above, but roughly 3 seconds, instead of millions o[ years
at the limit.

We have examined an ideal case, where thc spontaneous
origination of frse atonts in a reactive gas d-oes .not take
plaie at all, r-rr takes place very rarely' and- where..the
ieaction is itarte<l by idmitting at lcast one frcc radical
from ,rutside.

II r1o such primary free radicals app.car in cach cubic ccnti-
metrc'in " ti.ond, it is casy to prbduce an ::-Kprcssion lor
the rate of the branched chain r:eaction' and the quantity
o[ molecules X rvhich lrave reacted in time t. as has bcen

done abovc. Thc t'estrlts are shorvn in the follorving table'

tJrT : 3.J scc

troz=3 mln Years

.,
,

.a

ctc.

fig.l Irig. .5

we had

4o= I free radica/sec' cmr 4o= l0O free radica/sec. cm!

P= Pr t.or = I year tcoz = 2 weexs

P= 1.01 P, too7. = 4 sec t3o/. = 3 sec

P =0,99 Pr tco.,.'30,000 Years tloz_ = 300 yeors

Conscquently, our h1'pothesis ftrrnishes a good cxplana-
tiorr-why somc chcrnical re;rctions are based on the "all-or-
nothing" principle.

It would be rvr-ong to assume that once the hypothesis
was clearly [ornrulated our work was over. On the contrary,
th;.rt u'as rvhcn it leally began. And it is still g:-'ing on, in
ir nrcasurc. Stcp lry stcp the tlre<lry has bcen givcn increas-
in.g precision anrl clarity, bcconring a <luantitative theory
tlrlrt lras preclictive [)owo'.

So it rr,ls tlrlrt ryc succccrlcd in cstablishin.g thc occLlrrence
of trv,r tvp.:s of l,r';rlanclrc-likc chcnricul llroccsscs rvlriclr, in
cer tairt torrrlitiorrs, Iearl to c.rplosion: tlrc thcrnral erplosion,
w'lrich ulis.js lrs r.t lcsult of tlrc Irrrilrl-up oI thc thelrnul ava-
larrclrc,,vhich I h;.rvc clcalt rvith hcrc in bliet', itnd the chain
cxrrlosion. u'lrich results l'rorrr thc rval:rnchc-likc repro-
duction of active chemical particlcs and frec atoms ancl
radicals, rvhose concentration in the development of the
chain avalanche attains, theoretrcally and experinrentally,
tremendous valtrcs comparable rvith the concentrations of
primary rnolecules. It later turned out that only these trvo
types oI explosion occur in nature. Even in atornic physics,
blasts can bc onlv o[ tlre chain type (atomic explosion) or'
oI th^ therrnal tv1>e (thcrrnonucle::^r' eiplosion).

I shoulcl likc to atlcl :tnothcr lenralk in connection witlr
nrv anal;'sis of this discovery. Expcrirnents have shorvn that
tlrc general regularities governing branched cl'rain reactions,
notably thc "all-or-nothing" Iimit itself, and the <levelop-
rrrent oI cl:ains in tinre dcpcnd ve ry little orr the actual nrcclr-
anisrl of these rcactions. The important fact is that they
branch otrt anrl tlrat chains tcrnrinate. Ouantitativsll,, thcsc
regularitics also depend on certain constant.s rvlrich can lre
rlcternrincd, to their first approxinration, fronr c.rpcrinrcnts
accor'ding i.o iirc r.rptirruti vaiucs.

This applics not only to chemical branched chain reactions ;
but ;tlso to phvsical reactions, which inclu<lc nuclcar fission
chairr lc;rctions anrl also, in essencc, t[re rcactions of mr.rl-
tiplication of light quanta in lasers and rnascrs. In the forrn-
cr. the active Particltrs ,'[ the chain are the excitcd com-
pound-nuclci. rvhich arisc in thc capture oI ncutrons by the
atonric nuclei of active substances, and tl:c neutrons ernitted,
numbering thrce for cvcry act o[ fission of the conrl>ound-
nucleus. The icrnrination of the chain takes place through
the enrcrgence oI nerrtlons bey'ond thc limits oI the active
body (similar to the termination of the chain on the rvall)
or the capture of neutrons by certain admi-xttrres. In den-
sity, dinrensions, adrnixturcs oI activc substnnccs, <lilutitrn
with U-238, etc., limiting phcnomcna are identical rvith
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those which are observed in chemistry. The lornratiorr- ot
vast quantities of neutrons in the course of the reaction, the
exponential growth of the rate of reaction in time during
an atonric blast are similar to the corresponding phcnomena
in chemical branched chain reactions. T'he "all-or'-nothing"
principle is here manifested in an especially clear-cut fornt,
and in cssence provides the sole basis on which onc c.tn
build atomic bornbs ahd piles without fear ,rI crplosion,
and set <1ff an explosion through the insignificant altera-
tion of one o[ the paramctcrs. The formal relations ro our

lopment o[ sciencc. It is a gift of forttrnc for a scientist ttr
coiDe trp against a contladiction, tnajr,t' ,rr trtinot'. ;ttttl lrc
slrt-rrrlrl scize upotr it. Yct, it is so cltsv to ovct-l,trrk it. trl l,r'tlslr
it o[f, cspcciaIly'u'herr lr tlenrllirrc lo,rtrts l'oI llrc Ptrlrlit'lrli.,rt
of en articlc ol thc llt csctttrttit,tr .rl' lt tlre ;is.

Discussion in General

Le't us no\v Pass froltt "tttint,r'' tt) "rrlairlr" contritrlictiorls.
rvhich l'eveal muc[r m,rrc stt'ikin.gly thc prirlcipel lo.gical
components oI scientiGc tliscoverics itt tlrc tinrc of decisivc
scicntific relolutions. \Vlren it contes to cltartgcs in thc l>asic
scientific concepts suppolting the whole cdilice t-,I a theo-
reticaI s]'stem, not only the conccpts themselv'es clrarr,gc
but also the logic oI thi.nking itsclf, the vcrt' rtnclcrst.rn<lirrg
of rvhat is "lo.gical" anrl rvhat is. ''ilL.r.gical". FIcrc is rvhat
Max Born sa1's about it: "f'he sittration Ircrc (in qttauttrnr
rnechanics-,\'.S.) is so confused that thc only' option is

this: either to rest content rvith thc [ecble aclaptation of
concepts to tlte s)-stem of fornrtrlls ... (lr to rnodi[v the
rules of thinkin.g, of logic itself."l

At such moments, the theoretical phy'sicist be-gins to rvotk

the prinrary logical catcgories. 'fhis is a strbtle lrusiness arrrl
t ]\[ax l]orn. "Bcrrrcrkun.gcn zul stutististherr l)etrltrrr'4 tlcr (.)trrn-

lcrrrrrcclrerrik", iltttrtrr ilti;t'ultttg ttttl iit' Itltttil: ttrtt,'tt'r Zr i/, llr.rrrrr"rlr-
wci.q, ll)G | , S. 106.

in the :rbsertcc ot' sulliciertt r:r'urlition.:rnd plrri,rsrryrlrrr:al
trainins it is','cr1'casV t(, r'cpc:rt l,)rrncl rnistalics. Il.rrgrls
rrsctl to say thut lrurtcriirlisrn clrlrn.gcs its fornr rvith cveru
Blclt ncw 

-rliscrrvcry' 
in scicncc. 'I-his is rvlrcre ;.r dcvetrlpcil

:.trtrl llropcrll' lnrlstcrctl ltr.qic of lristoricrr-phikrsophic:rl
thinkirrg ccascs to be lu.xury, a nlclc pleasant suplllement
to a training in natura[ science, and becomcs a matter o[
primary and most acute necessity. One such revolutionary
logician rvas Einstein when he rvorked out his theory of
relativity (revising the concept of time as a logical concept).
Another leading revolrrtionary in logic was Niels Bohr,
who, to all intents and purposes, was the founder of the
mo<lern quanturn theory. His quantunr theory o[ tlre atonr
enrcrgcd as a rc.sult of a bc,ld i-csolution of the contradictiorr
betrvecn Rutherflurd's planetary rnodel of the atom, intro-
duccd virtually straight [r'orn thc e\perin]ent, and classical
c lcc t rod yn a r.nics.

Bohr's principle r.rf conrplenrentarity went even [urthcr
in rcvolutio,risir,g thc logic of ph;'sic.rl cognition, for it
tacitly introducetl into the very structure of phy,sical theory'
the idea of contradiction; at the same time, Bohr's concep-
tion of thc fundamentitl cpistenr,,logical irnportance oI the
"instrurnt'rt-ob.ie ct" re lationship to some cxter)t corre-
sponded ru N'larx's conceptlon o[ tire activc epistcmological
role of the instrument in the cognition of things.

The dualisnr o[ rvave and corpuscular conccpts, discoverer]
by I'}lanck and Einstcin in rcspect o[ light, rvas taken by dc
Broglie to be a uttiue rsal contrarlietion oI microobjects and
applied to a dcscription of the rnotion of electrons (which
was shortly con[ir nred experimentally). De Broglie's con-
ception \r'as one of the sourccs that gave rise to quantum
nrcchanics.

Our last exanrple is Dirac's anticipatiou of the positron.
Atten.:pts to unitc quantunr nrechanics and Einstcin's relati-
vistic mechanics had run into the difliculty o[ having to i

recognise the existence (because there rvere expressions con-
taining.a sq.uare root) of p;rrticles. carry'ing a._plus and. a
minus sign, i.e., positive and negative energy. But particles
with nesative energy seenrcd to be an absurdity, purc non-
sense. It was, there[ore. nccessary to invcnt a principle rvhich
would rule out their existcncc in nature and rvhich at the
same timc n'ould a<lnrit thc possibility oI their existence.
The contladiction rvas folnrulaterl rvitlr the uttttttst lr-rgical
incisir.,n. Usin11 I'a,-rli's crtlr,tsion Princil>[c, Diritc irrtro<ltlcetl
his "hole.s in u vacuurn" conccl'rt (a vacuurn Iillc<l w'ith a
vast nunrbcr oI rr'hat rr'cre virtuall'"'clcctrons in;.r statc of
neg:rtive cncr.gl'). This sonrc*'hat obscttt'c cotr<:cpt, literally'
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I [,uuis tlc Broglic, Sur /cs 'rcnli(rr it !o scirttcc, Paris, l9u0' P 3jl'

If we assume that .cientific thinking is "logical" uld
".uiin.rot'; only i.,rofar as it proceeds iri strict accord with
th. o*iornt,-po'rtulot", and the^orems of formal mathematical
i;;,;; th; sclentific thinking that actuaiiv take.: Place inev-

itibly seems to be irrational, so that- science itselt appears

to be a madlrouse where only'superficial order is maintained
Uv tt e logician-attendants ULt Uy no means by the inmates'

whose solE aim is to disruPt it-
If ttrrs were so, the whole theory o[ scientific knowledge

*orta prove to be a purely outward and absolutely.incxpli-
.uli. flrion of two diffeient and irreconcilable sciences-
i"i^"L mathematicil logic and the purely psychological

description of intuition.

Dialetics of the HYPothesis

It would ught to be trends in science

that would aid specific descripti.on .9f
certain uni ng thi Process of scientific
reasoning. of dialectics it is clear that

these so-ca are essential' logical Pro-
cesses oI reasoning.--1" fi.t, whe.,.i.. the result of a new ex.periment (or a

more thoiough analysis of a previous ex-periment) leads to

o Loti. contrladiction within the system of existing concepts'

lhit 
-u.., 

contradiction constitutis a determination of the

."riiii"tit ."s."a..ing a hypotttesis; thai is to- say' the

io"t."ai.tion'prescribe"s u ui.ior of reasoning in the forma-

we may exPect to find the
rst the 

'contradiction within
ather generalised and vague'
fact, lf and insofar as it is

theorY and the old concePts
clear where the aPex of the I

xacllY afiat old keY PrinciPle
has to be moclified. cratluallT', As a result o[ furthcr cxperi-
;"i; and of the refinement'o[ the old concepts themselves

i;;;;;[;efinement had been needed be[ore)'. the.contra-
ii.tiu" is sharpeged and narrowed down until it becomes

;;;";;", i.*riy u'liclt old concept must be modified first'
The contradiction acquircs the aiuteness o[ an antinomy

formulated with the rttmost
formulation, although onlY im
as it were, of the new conce

stand the Positiue content of
not only as a cleerlv formul
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auxiliary concepts, u'ith thc rcsuIt that the hr'1>othc.sis

devclopi into a detailctl, cxpcrirrrcntall;' r'crilierl
t hcr-r r1'

lirunr thc concrete materia[ [ hltve intro<luccd irrttr this
article it rvill be seen that this logical picturc is a legitinrrtc
idcalisation <-rI the spccific process oI creative reasoning.

The initial contrar.liction 
- rvhich rlc.tr,rvs tlrc olrl thcory'

a point beyond rv[ich any purcly f,rrnal rnovcrtte.t llcc,.rtttcs

impossible.
'iVe have triecl, bi' anall'sing the Proccss of scientific

discovery, to show horv dia[ectiial logii \\'')rks antl horv it
he lps thl-scientist understand and re fine the acttral Process
oI creative scientific thinking.

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

J. D. BERNAL (1901-1971)
(OUOTED WI THOUT COMMENT)

The lnsufficiency
of Physical Theory

l,\lt rlrc n)()nrcrl lut.tsrttologicall obrcrvrtitrls. c\pclitttctlt.. ltttd tltcotiu,
lur!'ilr \uelr a st:r(e rrl'llur tltut lil tltlt scu'rtts c'stlblislrcd ir tltllt tllc trtli-
!r.r\r I)irs u lrist,rrr. Ilr trlcirrg ir oul ls uruelr is lik.'lv Lo he lt-rrttctl ttbttttt

tlru' rrrturc ol'nltttcr artd rudi,ttiult ls ul>out tlre distlrrtt lte'trctts. lrrtlct'd.
tlrc rrcrv dise orc'ries, e.spccitrlll, tltusr'ol'the iirrtdllttertlltl pltrticlc's llt)(l lllclr
trunsl',rilnull()11. l[rr.. prrt lt vcrt coltsitlr-[tlllr' strltitt ott c\lstillg plf l sre lrl

thcoriu's. r.sl)c.iitll\ lltosc ttt'rlrr, llrvs of intc'lre tittrl r)t clutltetttitrv Piltttilc)
antl ol'tlte eortstitttlitttt of tltc rtr.rclci. Sttelt tltr-'otic's ll\ e\i:t Jlld ll lllLl)t i:1-

tdrrrittCtl tltlt l,rr p11t! pltctt,ttltenJ lllcre iltd tlO tllC()lier-llC lltrilt rlrt acl

/rrr, unulogie.s rvitlr tlre'quiultunt tllr'rr)'lrpplic'd to tlrc tttttclt strtltlgel lirr'u'
urrd srrrall.'r distunce s irt ttrtclcrr phy'sies. lrrvolvirtg'clt-rud1 c11 stll ball'

rrt0dcls.'rrllrgiu rtrtnrltr'rs', ilrttl':tr0rtgcttess'(ltllulttlrtl ttttlttllets. tltcv t".'etl

lrrrt- u st)nrcrrltirt nrrgicll crblltstic - llalottr.
It rrruv rvr.ll b.'. llorr'.'ver. tlrlt l t'lr nrorc radicul rt-'r'isiort ol'lltc'rr'luti..:'

ulrd tltltrtturtt tltctrtic's ttt'cds to bc rtllde, Ilot b)'tirtkerirrg rvith tlre pr0s!'llt

thc't.rries *lrile ueceprirrg the ussLrnptions thlt uttde'tlie'tltertt. but tJtllL'r h\
rrlrkirrg I tjrrrdurrre ntirl lttrck on tltcir logieul urtd pltilosoPlricll llltses. lt
u'ls irr tltis ulrt tlxrl tlrc oldcr tltc-trlies \\'elc t)\'ettlttorrtt. l-ilsr hr tltc lc. lt-
rrtrrllrtr,rrr ol nlr tr'ritrl c'.xpc.rilrrentll cvidencc *'lriclr tlter urrttld tlttt r'\l)ltirl.
urrtl s.'eortdlt' [rt' tlucstitrttirrg tlre buses of tlte ltgtttttettts w'lrteh lrld letl ttr
thr. cllssicul tlre.rtr\'. ;\tty tleu,theory lllLlst of coutsL'llccoullt fot all or tntrrt
ot'the cxistirrg l'r!:rs, bui it rvill be accepted onlv il besides erpluittirte tlte rtt 

'

it servcs to lirrk togetlte r urorc \Llcccssl'ulli everr rvitlcr tlclds ol'cxpe Iic-tl'c''
\\'c ure'iust L'ntL'rirtg u tterv plrlrse ol'criticisnt ot'pltrstcltl tltcory'u'lle't.'

tlrr, evidcnt ttnluisc of rrrutlrcrrrlticll plrysicist j at tlre itrtdcqttue 1' lrrtl irtcle-

glnue ()t'tllc qUlrrttun] uDd rclutivistic tlreories rs giving rise'to c'lfotts ul rJdl-
cal r.'cortstitrrtitln. -]-ltotr"h tlre ner,v tlteorics lttc vatiotts tlrc'y' ltl"'c c()lllttl()tl
luirrrs. Orrc is ttr gcrrerulizc u llcld tlrcory tlrrt rvill ttnilc tltc lritltcrto tlis'
palllte rclirtiritr lrrrd quantr.lnl tlreories. Artotlter is to re'tttttve tlre basic trr-
detcr.nrirtlrcv t,l' tlrc rrcrv (lulrntullr thctrrl, ol l9l5 espcciulll' lssociltc'd rr itlr
lltrlrr arrd lleisc'rrbcrg. l'lrc victor)' will go tct wltocvet e ltt expl:.ritt satistnct'
orilv tlrc nerv lntl tirller range ot'physicll pltcrtorttcrur. tlte irttrlntrcleat 1.,rr-

ces. lnd tlrc hclrlriour tll tlrc rlrrgc ol'epltcnterrrl rtrttl prote'rtt prrticlc's. lt rs

too crrlv to sur.'s,lrut rvill ultirnltcl!'clnerge, but it is btrttnd to lrc vert'dii-
terr'nl [0nr tlrc ilccepte Ll uttltot[trr!' of llrc lilst li)l'tv ]'cllls

.!c'icrrcc itt llistrtrv, ('ilrttl)ri,lse . \llss. l()71. Voltrrttt' -1. Pp. 77i'7.1. '
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etra

,R.

llis natnc \ -
Itto rnt d
lorge t t

l)uvlov' ( I S+9- [()-i(r ): .\tttcriclttt l)llrtie ipitll Is rve rc \tlrlll'i\r(l [()

le'i.rrn Itorv tnLlch thc llttssil.tll pll-r'sioltlgist ltlltl Nobcl llltrrclrtc still

by Iloltlr'n ls tbllorvs:

A stlrrnclt cr)nrnrur.list of cnornlotls ('nL'rg) ltrl(l e ordi.rlill'. llc lost trtr

opportunit)'to proplngatl ottlcrcts' Whcnevcr lte tnun-

,g.,1 to score a point tor t n ltu crictl "1)illccticl";rntl
lrughud hugell'. Sirnilirrll,. p uP ul-ter il l)apcr ltittl hcett

pre.sented and tlectainr (to t ()t tlle.rtttlitnee). "-l'lrrrnk

you for shorring Plvlov right."

vict slallt. )
'l-lrr. Sor ir:ts rcgurti tltcir allproauh to brairl lttlle ti()ns i.l\ Illorc

"holi:tic" thln tliat ot' thc Atttcricus' silys lloldcll:
They ltlre Sovier eonicrcesl tllk nrucll ()l sy\tenls antl little r)i sy'nlp-

s.r... -l l,.y ptlt greilt .'rrtphasis on tlte intcruclirln bctrvccn orglnisnt

lntl errYrr(rnnle nl in thr. lirrrlrution ol'these systellls. Thuy'have.r

lontlncss fttr grtnd thertrics tnto \t'hich to fit their lindings. \mcricans.
()n thtt ot[cr ltlntl. lrre lllorL'Illolectllarly Oriented, nrtlre entplrttll'

o t h cses...
'Atnericl's lew global hypothesiz'ers' \tirrL'd r

nt>ng the Russians. tle says thc activitics ot

meaning L'xcept as they contribute to Iargt'r

wlrich in lelrltirtg bccomc parts ()t larger "rep-

rcscntati()nitl s1.stcnrs,"... John slid he $,us "clelighted at the sorrct
rcsp()nsctonty'w'ork"untllrldnotbecnlt'r'arcuntilnowthatheand
the Russilns werc dt.rinE rvtlrk tltet conlirrttctl ,:ach otltcr's'

Drrring tlre cigltt cla;-s of irttuttsivc irrtclluctLral lttttl llcrsonlrl
corltuet,"tlrc i1itlul skJpticisrtt oI sorlle ,^\tttcricatr l)articipilnts ii

bctrvccn tltc Ininc and Sovict laboratorics. II

Before SociobiologY
The fasci ... recognise irl bottom no categ<lries other than
those <lf lal inrpc'riirlist ambition is to lre founded on theories

of racial urcll'biological. 'I'he tot'alitarian principle depends

on the ar societ],atrd a ln(,tazoun r-rrganism or betrveen societ!'
and a hivc' ol'colonial hynrenoptt'rs

- Joseph Needham, in Foreword o/ Biology ond Marxism

by Marcet Prertant. New York 1938, p ix.

Dialectics make rtews

Detente in PsychobiologY
at U.S.-Soviet Meeting
on !rvine CamPus
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A communication

THE CUSP CATASTROPHE AND DTALECTICS*
Martin Zwick

the classical principles of
devcloped Catastrophe Thc_

Zcernan (l97(t, I97i).
(,.clclrren tary ca tast rophcs,,)

Ltscs carr prorltrcc rliscon tinuotrs
the ..crrsp" catastropltc, ilt

riablc tlcpcnt.ls rr Jron'trvo catrsul

the rrrorlel slrowlt in Figrrrc
to thc pcriphcry ot.a ilisk
otlrcr cntl ol'orrc nrbllcr

ing. Tlre systcnr is assulned
nrinirnurn (irritillly, a) of.
trol lloint nlovcs. ilrc l.unc_

Ir cntry into tltc l>il'urcation
ich, :rt 3, tlecpens into a scc_

Figurc lc rcprcscnts anotlter pcrspective. As the control
;loint rrrovcs.lcross tlrc bilirrcatiorr se t, a "behavior point" moves

' on a [oltled "trehavior surlace" directly abovc it. If thc control
point pusscs botlr bountlarics of the bil'urcation set, as shown,
tliscontilruous jur:tps ol'thc bclravior point will occur.

An cxalrrplc of tlrc cusp is the phenomcnon of phase transi-
tions (l)oston & Stewart, 1978), where pressure ancl tenrperature
are the conflicting factors, density is the behavioral variable, and
the two nrodes are the gas and liquid phases. (ln this phenonrc-
non, thc rlclay does not usually extend to the lar boundary ol
the bilirrcation sct.)

Quarttit.y rclationship of tlte cusp calastro-
phe to dialc rly tnrnsparent. Thc lirst tlialectic-
Irl law, "tlrc - qrrantity into quality," is close to,
though not . thc translbrnration of continuous
cilr.rscs in to discon tiutrorrs c l'l ccts-

tially abrirlgctl vcrsion of (Zwick, l97g), isIrctory sketch. Ttre rear.lor shoultl be cau_
ovcrsy now cxisls ovcr ltrc valitlily ol. trrirny
ory.

Figure 1. A mode! illustrating the cusp catastrophe (Zeeman 1976).

Catastrophe and Dialectics page 49
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'I'hc behavidral urotles ()l'tlrc cLrsp ilrc usually qLrlrlitativcly dit:
lcrcnt. as i1 tltc phlsc tnttrsi tiott crlttttlllr:. lrttluucl- this cxlrtttplc
is givcrr by llcgcL. and citcd [ry'Lngels. us an arcltctypal illrrstration
ol'dialcctics. Within tltc drulcctical l'ratttcrvork. cltitrrgc t-r['u t;ttltrr-
titativc tluture . irtr oll'ing "tlte re " incrclrsc or tle crclts.'. ,'vlticlt tltlcs
not ultcr tltc ltusic elntructcr o['tltc syste III cilllnot go ()11 ini[clirt-
itcly', [rut ut a ccrtitirr poirtt (llege'l's "tlodll linc" l, ultvlys lclcls
to a t1 ualitutivc tntnstollliltiorl (or "lca1l".1. \l'ate'r. tvltctl lleatccl,
docs rtot go otl gcttirtg hotter rtrttl ltotter indut'initell'. bttt at e
ccrtain cri tical tr'ntpL'riltttrc. ltrtcle rggcs a t; Llalitlttive cltltltgc I'rtlttt
liclLricl to gas. Thc dialectical cxposition is e sscntiallf identical
to thc cai1stroltlre-tIc:orctic uonccptiotl . IIe gct's "trodll linc"' is

thc bil'Lrrcatiotr sc't. artcl his "lcup" is thc catustrollltc'
Intcrpcnctt.utiott oJ OltltO.sitt'.t. Thc inturl.rctlctrutiott or

unrt)' ilhd strttgglc' - ot'oltposi tcs apptars irl tltc ctlsl) in scvcral
rvays: ( I ) ln thc bintotlality' ol'tltc beltuvit-rr stllilct'. and irl tlte
ov'crlupping of its trvo ['rchlvioral tnocle s. (] ) Irl thc c<;n11ie ting
corttrol l'actors. Il'orrc ['actor is exclttsively' 1;rescnt or tlolttilrant
it,.vill leld tltc s!'stL'nl itrto ottc ot'tltc altcrrrate ttrocles. [-lowevc'r.
thc regions ol clomirtltrce overlltp, and il ltoth l-actors are a1lprs5.i-
matcly in ['raluncc. rve have a strttggle cll opposite s. (3) lnsidc the
bil'urcation sct. the potcntial fitnction ltits trvo minittta. tvhiclr
arisc l'ronr tltc itrtcrpcrtctratiotr of the dolttltil'ts ot'ilrllr-rr:ncc of
the conllictirtg l'actors. Onc tttiltittrtltl) corrcspottcls to the actttal
statc ol the syste'nr. tlte otltcr to a potcntial altcrnlttivc stllte.
Dialecticll "tleveloptnc'rt[" ()ccurs via thc chltngirtg rclutivc
strength of the'trvo tlitritna, which is thc inte rnal cotrtcnt of the
transforrnation ol qr-rantity into qullity.

,\'egutiott ol'l'egutiorr. The third dillectical larv can be give tr

trvo dil'l'crent interpretations. ( I ) By cot)cilt('Ilatirlg ttt'o or lllorc
clrsps, orlc can represcrrt tlte on-goingncss ttf thc proecss beyortd
the t'irst tnurslounatiorr. (2) Witllin a singlc cLrsp, rve ltitvc tltc
follorving iequence: Initially, tltere is r single cllcrgy ttlinitrlttttr,
and corrcsponding be ltavioral tnocle. ancl tlte ttncolttcste d doltt-
inunce oI one of tltc conllicting lactors. Upon crttry into tltc
bilurcation set, tltis corttlition is nc-gitted. antl re'pllcccl rvitlr
contrltliction (birnodality) urtcl strilc. [rinlrlly. thc strugglc ol
opposi tes culrnirrates irr a qr.ralitttivc jr.rnrp: nnirttodulity is rc-
stored, brrt in a ne w sti.rte.

Conclusiott The cusp catastroplte can be ttsccl to Inode I tllc
tltrcc' dialcctical lrrvs. Witltotrt tlclttltt. son-lc collce lttiotts ol dia-
lecfics rcc;trire thc lnorc contplcx catustropltc knorvtt as thc "btrt-
ter[)y," rvhich hus thrcc c'qtrilil-rritrnr rr.tirtirttir, artd ulltltvs tltc ettter-
ge ncc ol' ln intlcpcntlcrtt tlttrtlitltivc syntltcsis (not tttcrcly thc
victory ol'orrc ol'tltc oppositcs). -l-ltc 

unrrlt,sis Inlt!' bc cxpltntle d

irr rplrry, dirue ti()ns. l-hc llcrviltlcri rtg urray ot'exalnples w[icll
hirvc heicn e itecl as insturrccs ot'clial,-'ctical latvs. and thc tltartl'
al ternltiVr theorc t icill i rrtcrprc tations ol- dialer:tics. corrld bc

cxantine cl ilrrcl possibly claril'ietl in terttls o['Tltolll's tltcory'.

h,t r I lutrtl ( O rc gl rt ),5 ra t c U tt i te rsi t.t

Ilib liogru p lt.v

l'. lroston. antl I StervarI, cutustropltc T'hartr.r' und ltt .lpplttutions,
[ritrnun. Sln Irrlncisc6. ('A. l97lJ.

Rcn6 Tho rn, .s t rrt t' r uru l S tu b il i t t' tt rttl'lI tt r P lt r't gcrti'sis, W .\ - Benjamin'
Rcatling, \l;\, 197-i.

E.C. Zcernan' "Cltastrophe Tlteor1"" St'ietttilic tl tlcrtc'utr'
April, l()76.

F-.('. Tcenrrn, Cu tus trtt plr e Tltet )r)', Add ison-Wcsley, Read ing, \l A'
tej1.

iU. Z_\r;ick,.'Dialcctics antl Cltastrophe ," prescntcd at thc Fourth lnter-

nutionul congrcss of ('ybcrnetics and sy'stertrs. Amstt'rdlrn. l97ti.

l'-'tlilrtt's,ror('' ThL' l:.rrrtililr ph1'sicll cxatttple tlI quulitarive transl'orrtratit.rrt

- wutcr to stclltlr t)r ice, ilnd vle e vursa-\\'as originlted hl' Ilegel (sce

ldeology in Mathentatics -----

problern
- Nikolai N. Semyenov, p. 34. in The Scientif ic and Technoiogical

Bevolurion, Progress, Moscow, I 972-
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A book review lty lRVlllG ADLER

STEPHEN JAY GOULD
Ever Since Darwin: Ref lections in Natural History
W. W. Nctrtort & Co., Neu', /ork 1977

l-ltir lrook is lr protl l;.1 {)l r)tttcl) lelt.rtirt,'. te t't'!rltltt tltirtkirt-1r.
lrrolrtl rrtltttt'e . \|urklng rr it. lrrtrl l'ittc rr t'i tirtg. I'ltc vlrltre ol tlilr-
Ir'ctiuul tttittct'irtlirt irt.i3ltt i: uppltt'e ttt lts l)t'rltr:::or ( itlttltl e rltlrlt'e :
tltc lti:ttlry' ol ctoltrtirlr'r.:()rltc t-rl-it: lttrzzlittg ltroltlcttts. trrttl tltc
tllrtul'c tll'seicntil'ie tlrrirrrltt. Tlre -j-3 ultrrPte t': ul'c Pltuke tl rvitlt
irtl'orrn;.rtiorl ()n l)iol()sie al e r olutiort. gcolttgiclr I ltistor'1 . ltttttllttt
sociul tlevclol)nlcl)t. and tltcir ittte reotittue tiotts. -\lrlttg tlte ivltl'.
it is sttttltlccl uith lpt (lLt()tirtirltts lrottt Sltltkesllelrt-c. (irle tlte .

.\lilton. l)re kcns. l)11 t.lrrt. l)opc. l'rctttl. I lrtt'tl \'. \\'.S. (lillre rt.
Sirtton.' tle' IlclrLrr'oir. ..\lrloLlx IILr xlcy . IJI'trrt<t llcttcllrciltt lttltl
Jolrrt ('iurcli.

-flre tltcorl' ol'cvtllLrtirltr i: tltu :ttttlv ol Ilte t'tttr'rse rtec ol ttcu'
lurttl tl istirtut sltceius ilt llt,' :cll-tlurcloltrttcttt ol'tltc s\'\te tll tll lir-
irrg tltirtg: intct'ue tirrg'.',itlt tltcir crt\it'onr)le nt. l)elrlirtq its it (lr)es

rvitlt lt l)t'ocu\s ()l'(lc\.1o1.;11",,1 jrt w'hiult eltelt sCltltrll tt' 1rx1'1 (rrlte tlt-
cr it ltc ()rr.tiill ()r ()rrllrri\nt or sl'rcries) is crrrtresltetl irt eorrrPlcr
rcllrtiortsltips. lrotlt inlcrnul lrrttl e tterrtltl. it elrt lre stutlicrl rtte-
ccs:lirllv onlv bv lr rnirtd tltlr t llrhittrrllv ttscs rl irtlceticlrl tnotlcs
ot'tlrotrght. 'l'lri: is de rrrort:trutetl irrtpliertll in l)l'ol.'ssttt'(iotrltl'r
ilurslcr'l\ tliscLt:sittrt ()i \()lnc ol'tltc tirse irllrtirlg pttzzlc's ()l'('\'o-
Itrticlnlrrl'tllcor)'. sttell ,rt: \!ltlt ucct-rttr)ts l'or tltc ('ltttltriltrt er-
ltlosiolr (thc strddt'n ilpng111-1111gc 60() rrrillirtrt ycirrs irg() ol lt r:t'elt t

rlive rsitl' ol'[riologicrll Irlrttrs irt'tcr' ].5 [rilliort t'e itts <ll'orll-\' [)itu-
tcrilr lrrttl blttc-grccrt ulgu-'t) \\'lrat crplrritts tltc ntltitl crtittutiott
ol'hult'tlrr' l'lnrilics <ll'rnarirtc orgurtisnrs ll-5 rrrilliorr vcltts i.tSo
(dtrrirrg tlrc l)crrrriun Pcriod ) trrrd thc Ioss ot'onc (1tti.rrIcr ol tltctn
70 rnilliolr )'cin's ilgo ttltrring tltc ('rctuccotrs lrcriorl )'.'

TIrc ttsc ot-the ccological "croltltirtg pri nciplc" irt tlte cl iscttssitlrt
ol'tlte Cllltbriart cxplo'iott sltorvs that prcdltor-l)t'cv rcllttiortrltips
at'[cct otlrcr spucics be'>iclts tlte ltrccllt tor lt ttt[ [.rrr.'t'. Tltc e xpla-
naliorr ot'tltc [)trntilttr r:rtine tiott ivitlt tltc itid ol'tltt rttotle rtl gctl-
logicll tltcory'ol'plrt tr-- tectonir:s sho$'s tltc irtscpltrltrilitl'<ll'hio-
logic'ul dtvcloptrtcnt artd gcological eltartgc. Tltc et>tttplcx ilttcr-
lllay ot'scxttal rcproduction. ntltrition and prcdlttt)r-pre y rL'litti()lI-
ships urc rl.iscttssctl itt tcrtns ol'tlte ll-tbot rtltle rs ol'thc lrish Elk.
parthogcnticltlly'-pr<>d trecd gall rttirlges tlurt eet tltcir tntltlter.
cicutlas crncrging l'rottt tlte grotttrrl l'or sc'rlr:.tl rcproclttctiotl L'\'e rV

I 7 yr-'ars. and csrtuin lrlntboo platrts l)orvcri ttg sitnttltattctttttly'
c'vcry ll0 ycurs.

In sonrc cltaptcrs. Prol-cssor Cottltl l'intls it llcccssilr\/ to rc-
Itt tc conrrrton nrise orlerptiorts lb()ut tllu ni.rtttrc ttl'se icrttil'ie

in ln oltl l'runtervork" (p. I I l.- 
lrr a particularly valulible. scction, Professor GoLrld discusscs

su,,,e ui,l antl nerv the orics of biological tlctertttirrisnl: theorit's
ot'tlrc allcgetl inle riority ['lnankind; bio-
logrcal thetries ot'crintin that rvar is a prorl-

uci ot'llran's biologicalll/ c tcndencie s' In

short. srvift strokci ['rol'c rcftltes tltcsu'tltc-
oriu's lnd c.xposcs their roots in cllss bilrs and irlrpenalist upolo-
getlcs.

Tlre tliscussion in botlt thc tlrst and last sections ol thc book

Parrne coek irr his puntpltlct ,I/ar.vis ttt ttttd Dartvitti.strt pointc'd ottt
thilt tools are tletachaltle, repluceablc'. rnoditlablc inaninliltc ox-

tensions ol nlrn's bodily organs. and the y are dc'sigtlc'd artd trscd

t[rolgh pattcrns ot'learned soci[Il behavior. Danvin dentonstra-
tecl tlirt iratural selection leads to thc' nrodil'ication ot'a specics'

mL'irns of intcracting with its ettvironlllt: nt. viz., its orglns and
inhcritccl pattcrns ol'behavior. Whcrr this principle' is lrpplied to
mrrn. it beeorllrs translorme d into I ne rv principle: tltt-' Inodific-
ation ol'[uln'S inaninrutc e xtsrrsiorrs ol'his orgiurs arrd ot'ltis
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lcarncd patterns of bchavior. This evolution l'r.rr lllart is princi-
pally tcchncilogical progrcss and the' i.tccolllpunying cvolution ol'
iociit ilstitutions. Ilisrorical i\laterialislr, Nlarr': tltcory ol soci-

al evolutiort, is thus sccn as thc resr:lt ol- tlrc uplllieatiort to lllilll's

Itaving appeared prc'r'iousl-l' in the Inontl)ly tYutttrul [[i-vlrtt t';
pu5lislreil by t1c Antcrican \lttse tttrt ol' NltLtral Ilistory. Tltc
Look is alsoexcellcrrt t'or supplumcnttry rcuding at high scltool
or college level.

:\'t t r t lr l) c t t t t i tt g tt t rt, l"e r tttt t t t t

Poor SYmmetry, Violated Again!

. OR. MARXISM AGAINST THE MAGNETIC MONOPOLE

Hierarchy in Science and Nature

Tr t clav I lt e d ic t io rutr,l',scl-):.t.'

magnetic monopole tly'pothetical magnetic particles (analogous to

the electrical particles, the electron and proton ) r"''ith a-magnettc

chargeoleithernorthorsouth.l,heyhavebeenprlstulatedoncon.
,.rrrtion and symlnetry prrncrplcs"' Neither qu:rnttlm theory nor

classical electrodl'nlmic ineory bars the existetrce ol'the milgnetic

tnonopole.iVlaxwell.sequationIsiclIwoulrlprovecompletcl}.Sym-
ttretrical if such particles tiitl oxist"' Despite alt Ithe ] reasons Ior

theirexrstence,antlintensivesearches[orthent'so[arnorndividual
montrpoles have been detected- [(iray and lslacs' "1 '\'ew Dictiotrurv

oJ I'h j'sics, Ltrngnran, London lt)75' l

il t'etrrttn' ugo, I:rederick Engcls said"

Dialectics ltls proved from thc results of our experience of nature so

far that all polar opposites in 3encrll are tlctermined hy'the muttlal

action ot the two oiposite polcs on one another' that the sepuration

and opposirion <.,t. tirise pc,lr.s exisrs oniy rvithin their unity and inter-

conncction, and. converiell'. thlt their inter-uonncctton extsts only

intheirScpJrationandthcirunityonIy,rntlleiropposition.Tlrisonce
establishccl. there cln be no question ol :r final cancelling ouL ot rc-

pulsionandattraction,orofafinalpartitionbct"r'eentheone[orm
oI motion in one hall of matter antl the rlther t'orm rn the other hall'

consequently there can be no quustion of nrutual penetration or of
ahsoluteseparutionoIthetwopoles.ltwouldbeequivalenttode-
nrantjinginthcfirstcasethatthenorthandsclttthpolesofamagnct
shouldmutulllycancelthemselvesoutor,inthesccondcase,that
rlividingarllagnctinthemiddlebctrvcenthetwopolesshouldprtl-
dueeononesicleanorthhalfrvithoutasouthpole.andontheother
sitlc a south half without a north pole' Although' howc'vcr' the im-

pernrissibilityofsuchassumptionsfollowsatoncefronlthedialecti.
cal nlture of polur opposites, nevertheless, thanks to tht: prevailing

metaphysical rnotle of thought oI natttral sirenirsts. ine seconil ls-

suntptton ilt lc:.rst play's a ceirain part in physical theory' This will be

dealt \r,ith in its piace... Two potes rvhose activities did not complete-

ly compensute cich other rvotrld indecd not be pol:s' and also have

so far not beerr tliscovered in natttre. lDialectics ol-.\'ature, lnler-
nationul. Nerv York 1940, pp. 38-19' 44'l

llas lingels rigltt in this dialcctical proot'l Woultl completion of his

stuity tiive nirclc a contribLrtion to physics? Do reccnt Seacllincs
(". g.. Sticttc'c,\ctvs 109: tll. 1976 and P/t-r"sics fotlq'p l5' April
i qlA\ a5out fruitless nc\\, searchcs for nlonopolcs retlcct necdless

waste ol rcscirrch c'flort and morte v'J rl
oth er.

-P.W. Anderson, "More is Drlf erent: fJroken SymmetrY and the Hierarchical

Strucrure ol Science." Sctence 177 393' 1972
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sitrr,ln ol l\{lrrxist ltltL'rirli\t tliulcetrcs. Firrrphlsizes intcrilcri()n ol
scienec' lttrl plt rlo:oph t

- 187-l ,!(r Dialcctits t).1 \,Jtut'c. Intcrn]tionel, \erv York. l9-il)
clotlr S7.-i0. plpcr Si.S5.

l-hc hrillrrrrr l'irsr u'ttrrrt at sr stematic discussion ol this suhjerr.
*itlt .'drtor i ll S ll:rldrr nc pointing ()Llt \ontc orr()rs ln the posthrrrn-
iltts tvorkin{ n,rrci

lrctlr':rr) ev. P II.. ct ul. I t)i7 l)ltikt';oJllt.t' itt rlrc USSR. Prutblent ttl' Diu'
lec'tic'ul,llatcrielistn. ('lorh. \loscorv S-s.15'i.

'l'hc prohl,-'rns arc non-lri'i:Ll. cnrpltusizing unresolrcd qr-rcstions of
Soviut \larrrsts. Thc ten sol,iriinc.ltc(l c:isuys are each relcrltrtl to sut-

entilic *'orkcrs.
Gtrrrld. Steplrcrr Jav l9J7 l'--rer Sint'a Darrt'in. Ckrtlr, Ncrrton. Nc*'York

s9.e5.
See rcvierv b-"" lrving Atllcr in this isstre

H<rdes. [{obr'rt l()5] .,1 irrrs atrtl .lletlrttds rtl' ,\cit'trtilic Researclt. Occasr,rrt-
rl Pupc-r No.9. AI\lS. l0 E 30tlr St. n*erv York NY 10016. S1.00.

A trrie t'L'ssav lrv an outstlnding neurophysiologist discussing rnat-
ters sr.rch as thc ciialcctical uniry ol elinicul observatiolt lnd cxpuruucn-
tul intcrvention With nre nroirs ol the luthor by Dirk J. Strurk. Theo-
dor RosebLrry. Irving Il. Wagruun and Jane llodes

Flotirrran. John It)75 .llttrxisrtt ottd tlte T'hutn, (t PrL\is: A Critique ttJ

Sr-trnc rYex, l'crsiotts of Old t'allac'ics. Paper. Internatiortal Nerv York
si.t_s.

A tinrcly and successtul polcnric lglinst "ncw" leItists rr'lto re-
treirt to thc"'y'oung !llrx" rninus Nllrxisrn and so iorth. Quite use-
iul in todly"s philosophical unvironrnent.

Kulrrnc'. Irrrest l()61 The Tlurugltt ttJ'Claule Btrttanl. (Tr. rvitlr urr intr()-
ductiorr b1,[[urr-i ('hovnick i\lD und Prule l\l Prcbus.) Occasiottal
Puper No..i (1966). AIIIS l0 E -l0th St Ne*'York NY 10016. Sl 50).

Flscinr tin g rnsrshts on t he iln r i-trosi t il'ist lnd unconsciously, dialcc-
tical viervs ol a grert l()th ccntury physiologist. Points up the loss
to sciencr- fronr his ignorunce ot'\larxist philosophl'.

Ktrnsrantirrrrr'. [".V. et rl. 1974 'l'hc ["ttttdattrentals rtJ'illarxisr-l.ertitrist
Phi lttsrtpIt.r'. Cloth. iUoscou' S-1.-i0+.

Dr'als u,irh thc husie propositions lnd problems of diultctical nra-
Ierialisnr, enrphesizing intcrirction ot philosophy u irh scienti[ic pro-
cess. A conrprehensivr textbook and good reference source.
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From Lenin's Philosophical Notebooks, Moscow, 1961, pp. 196-7.

relalions, radictions)
are shorvn thc ohjcc-tiveu'orld. Ithi;gs
produces t i./ccs, airrl
not vice versa.

Ilcgel brilliantly
dit:inedtll,p

dialcctics of
thirrgs (phenom-
ena, thc world,
nature) in
the d ialccl.ics
of conccpts lfi

{f This aphorisur shoulrl ho e-tp11,55sd
nrorc popularly, rr,itlroul ltrr. rvofit rJit_
lect ics: approxintatc.ly irs follotvs: I n
thc allorrration, rcciprocal dcpenderrcc
of, a I I notions, in tlre identity ol tlteir
o.pposiles, in the lransilions of oirc no-
tlott lnto onollltr, ilr tllc cternnl cltarrgo,
rnovcnrcnt oI notiorrs, IIegr:l hrillianIly
clivined PRI:CISELY TIIIS ItEtATtON
oF TTITNGS, OI' NATUITD.

indeed
tl I ullrcd,
nol, rnoro

Irnin, Madinrir Ilyich I909 l[aterialism and Empiio-oiticism. rnter-
national, New York 1970; cloth $7.50, paper $2.95. Moscow clorh
s2.25*.

Lenin took off the year I 908, even neglccting the newspaper, to
study physics in order to combat Machian idealism ln Bolstrevik
ranks. He produced a model of materialist potemics that served its
purpose.

--- 1895.1916 Philosophical Notebooks. Volume 30 of Coilected
l/orls. Cloth, Moscow (1972) $2.25*.

Traces the rlevelopment of Lenin as diarectician, especiaily his
study of Hegel in l9l 5-l9l 6 whire writing Imperiarismand other
history-nraking works. useful insights are to be founrl in his notes
and commentaries.

Marx,r(arl !887 Copinl. volurne one. paper 1967 Internationat New
York $4.25.

Demonstrates the tremendous nrerhodological power of material-
ist dialectics used consciously in thc process of scientific discovery
rather than unconsciously and inconsistently. peppered with re[er-
ences to natural science.

Polikarov, A. 1973 Science and Philosopft;r,. Cloth, Sofia $4.75+.
Brief essays rliscuss thc hcuristic appr<lach to problem solving an<l

raise 1;r.vocative qucstions concr:rning lhc relalion of philosophy lo
sonlc ctrrrcnt problcrns ol' pltysics antl cosntology.

Page 58 Science and Nature 1978 (l )
Bibliographic Notes Page 59

Selsurp, tlorvartl urld llarry Mrrrtel, eds. Rcuder in lllurxist Philosoplty'
-----lintcrnational. New York cloth $7.50' paper $3'50'

Marvelous sarnpling of cogent cxccrpts from Marx' Engels and

Lcnin on materiulism 
-versrrs 

id ealism, the clialectical nrcthod. tSeory

of knowletlgc and scicntil'ic rttethod, etc'

ROBERT S. COHEN
MARX ON HIS SCIENTIFIC METHOD

Tlre tbllowing rel'ercnces seell.t to bs the only explicit statements

by Karl Maxon his own ttlethodology.
lr4rrrx, Kirrl 18,14 T-ltc llol.v I"arnil.r': Scction 2'

Mlrrx rvirs slill lairlY Yottng
1857 'flrc ()rttttrlrisst': Scctiorr 3 of cerrcrlrl ltttrodttciiorr.

A luirly ltlrtg pltssage rln llte rnetlttld ol political econonry'

--- f ll58 / Atntribtitirttt ro the Critirlue ol'fuilitical Ecottotny: 1'1rc

I)rc I ucc.

l'urtly tlrrplicatcs thc stalcntcnt in Tlrc Grundrissc'
_ _ ltt7.1 copinl, v.lurrrc l, Scc.rrtl ctliti.rr: Tlc Aftcrword or prefuce.

l)cvoled in part to nrethotlology'

--- l8?9-80 llerke, Bd l9: Notes on Adolph Wagner

. This unptrblislted critique ol an obscttranlist textbook on political

econo,ry-i,clutlcs w6at is probibly tlre last writing by Marx on nle tSod'

Bostott UttiYersiltt

HUBERT KENNEDY
MAR X'S MATH EMATI CAL MAN USCR I PTS

At the burial of Karl Marx, l7 March 1883, Frietlrich Engels

noted that Marx had worked irr nrany fields and "in each, even

irr that ol rnathclnatics, he made independent discoveries." En-
gels latcr intenclcrl to publish sorne ol Marx's mathematical writ-
Ings, but was rtnable to do so, and the first publiciltior) canle
orily in 1933, liity years alter Marx's tleath. Marx had abandonet
tn early attempt to apply ulatlternatics to l'ris econotnic theory,
but in thc last tleclcle ot'his lit'e he becatnc interested in the [oun'
tlation of dil-terential calcttltrs. wlticlt, in the books at ltis disposal
was ina(le(luatcly cxplained. In an attetllpt !o arrive-at a Inore
satislactory expianatiol, Marx applied his dialectical method and
arrivc'tl at resttlts that jrrstified Engcl's graveside remarks.

Mrrx was not in tltc ttlainstrc'atn oI lllathenlatics and was ttrt-

ilware ol'contenrl)orirry work in thc' tbtrnclations. incltrding the
work ol'Catrctty earlier in the ccnttlry, so that he'had no infltt-
cncc.ol that developtllcnt. IJut his colcept of the tlilferential as

an opcr&tional syttttrol anticipatcd some twentieth centttry



deve lopments and he indepcndcntly arrived at thc interpretation
of thc dit'fcrcntial as principal lincar part of art incretnent. an ln-

terprctation that is standard in tnodcrn tcxtbooks. Furthcr' his

use of dialectics in explaining thc derivalive is a rnode I usc ol'tltc
gation of the negation-
ibliograplry is intencled as an introcluction to
thought. It is inconrplete: I have includctl only
anr familiar ancl which rcf cr directly to Mar;l's

writings. Thtts, related material, such as the excellent article by
Clrancller l)avis. "Materialist Mathematics" (in For Dirk Struik
editetl by R. S. Cohcn, J. J. Stachel, and M. W. Wartofsky,
D. Reidel, Boston, 1974), have not becn incltrdcd. [n transliter-
ating Russian names and titles the systern of the journal Ili.storia
,llatlie nrutica has bcen used.

TH E MAN USC R I PTS TH E MSE LVES

Marx. Karl 1933 "ltlateruaticheskie rukopisi," Pod zrtutttenent morksiznru,
Nr. I, l5-73.

lncomplete Russian translution ol two articles on tlte tlerivative
anrl the differentiat, plus historical comttrents and other lrlgtnents'
This nraterial was ncwly translated ior inclusion in IMarx 19681.

--- l96ti lllatemaricltcskie ntkctpisi, cditcd by S. A- Yanovskrya. Nlos-

cow: lzd. "Nauka".
Contains most oI the somc 1000 pages clf manuscripts in the Ivlarx-

Lenin Institute. Part I contains all the original mathematical writings
of Marx, the most important being the articles on the derivativc and

the diiferential and the essay on the history of the differential calculus.

tlis conrmentary on the "rnystical" period of Newton and Lcihniz has
' ol'ten been quoted (for example, by A. ['. Yushkevich in lstoril,'u

matetnatiki s drevneishiklt vremen do nachalo XIX stoletiya, Vol' 3,

lvloscorv 191 2, p.156.) Part 2 consists oI Marx's conrmcntary on the
work of other mathematicians. r\ll this is given in tlte original lan-
guages (mostly German) rvith Russian translation on facing pages'

There is an excellent prefacc by S. A. Yanovskaya, extensive conlmen-
tary and description of writings not includcd, and copiotrs notcs -all
in Russian. This volurne is the basic sourcc for the study of lr{arx's

nlathcnlstical rvrit lngs.

--- lg11 "Sul ooncetto di lunzione derivata," Critica ilarxista--QLtoderni.
n. 6, 273-286

Italian translation by Lucio Lombardo Radice of Marx's article on

the derivative.

--- l9'11 ,llathematische llanuskripte, edited by Wolfgang Endenrann,

Kronberg Taunus (Federal Republic olGernrany): Scriptor Verlug'

A mulitated photocopy of the Gernran hall ol Part I of Ilvlarx 19681

-- 
1975 l[anoscritti illatematici, translated and edited by l;rancesco

N{atorrese and Augtrsto ['onzio, Bari : Dedalo Ubri.
Italian translation of l,art I of [],larx 1968 | . There are separrte in-

troductions by the ctlitors, the one by Ponz-io being rvorthwhilc'

WORKS AEOUT THE MANUSCRIPTS

Glivenko, v.l. I93.+ "PUnyarie dilerenrsilla rr frlurksa i ,\damara, " l'rrrl
znantan€t,t nrurksizma, \ir- 5, j9-B5.

Points ou t tliut luarx unliurprrtcd Jlcquc. lladarnurd tn stressing

thc rolc of thc diffcrentral as operat.ion.rl syrnbol'

Gokieli, I.P. 1947 lllurerrmtithaskic ntkoptsi Karla llarksa it'opros.t' ttfut'

srutvani','a malematiki, Tbilisi [Titlis l" ltd' AN Gruzinskoi SSR'

An exeellent early sru111, ot' lvtarx's rrtlthemrtical nlanuscripts, hrtt

ovcr-estimltes the in['lucncu thal the publication of all of l\'Ilrx's
ntirhr,rnsrical rvritings woul,l have on \larxist rnathcmaticiJns.

Kennctly" Iltrhcrt l()7(r Revicrv r'f lNlrrr l()7'l] rrrd l'\tlrx 19751'
His ior io :l[ ar ltenta t i ca -].'19()-4()'1.

- -- |)77 ..Karl \larx arr<l rhc titundrrtiorrs ot'dit'ferentill cllctrlus."
llisroria .llarhcnatica -1, -10-l-J llt (correctitin in [{istoriu ,llutlrcrriatico
5. r)l).

l'rltces thd iri\l(i!'y ol tltc irritirlg and publicltion oi \lurx's methe-

rnutjcll nttr)us,-. lpt:, antl itn.rlv's,js \lurx s explunltic.n oi ditterent.rtion
ls irn exanrpLc ol ilte llcgutl('n L,t'thc nugation lnd c,i the dil'l'erentill
ir).ru ,)irrr.ttrrnalsy'nttvrl. Sirnliltr to Istruik 19481. bttt tckes into
ilccr)urlt tlte trlittcrill r>l li\llr:l l')(tljl.

I(olrllrrt, E. l')-ll "Einc ncLrc Crurl - gtrnl tler Dillcrenrialrechnung durch

Kurl Nllrr." l'crltottLllunct'tt (!1.\ lttiL'rt! ttit)ttulen tlloiltenrutiker-Ktttr'
gresst:s, Zurit'h t9-j:, ll. llarttl .\',-'ktitttts-l'ortritge.3+9'i5 I '

A bric l tlescrip tion,rl Ilur :l's nt.rt h.'rna t icll man ttscripts, including
Sor.nc quolirttonS. (Kolrnln tnttr-rLtttCcd the r:rislenCc Of thc nratru-

scripts nt the Internuti<tnul ('ongrcss of the Ilistory oI Science and

. TechnologY, Londcrn, l93l . t

- - 19i3 "Eine neue Crundlegtrtlg (ler Diile'rcntialrc'cl:nung durch Karl
M;rrx," Archekttt. An:hivirt di storia dclla scienza 15, 379-38-l'

tissentially thc srme as IKolman I 93] | .

--- l9(r8 "K. l\larks i rrllrtcmutika (()'illrrtelllilticheskikh rukopisyaklt'
K. Iv,larksirl," l/oproslt istrtriiestesr,-oinani|o itekhtttki 15. l0l-lll.

Discusscs tlte rnotivati<.rn lllarx tound in political econorny'lnd
philosophy for his study of muthemtrtics, tnd shows how lte overcame

thc tlifficulties of the "nlystic][" period in the developntent of drffer-
cntiul calculus. Kolman concludes: "For historians of mathemutics
anti t'or plrilosophers conccrned w ith the philosophical problems of
lnathcntliics, the st:rterne nts ot i\lnrx - not in the lorm of cltrotations,

elch lcttcr oi which one folloNs, ostensibly considering it inviolcble,
but in thr. lorm of a rnatchless exarnple of a concre!e creative rppli-
cation of tlirlectical thinking - will serve rs u guide-"

Katcrlirr, Lev 197-l "ll'l-t' bt'li tttgda tlcrzkini parn-1'anti ... ", l\'lorl'orv: Iz'd-

"Znanie".
'Ihis is u populur, but thorough trcatfnent of lvlarx's enthusiasm

for rnuthematics, in particulur for dif[erential calculus. and oI the
llte ttl tris tttlnuscri;rts, oi their dcciphering, and ot'their study and

prcparxtion for puhlication by Soviet scholurs. There is no biblio-
graphy. A sccond ctlition is in prepuration. ("Lev Katolin" is a

teant pseudonyrn of Kar[ [-evinlin urrd Anrtolii NIelumed.)
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L,rrnbard.o I{adice. [-ucio 197] "Dri 'nrtnoscrrtti nlxtcntatici' di K. Illr.r."
Cririca ll[arxisru-Quaderni, n. 6. )]3-f17.

lntroduction to IIlarx l9'7)l , stressing Mlrx's cxplrnation oI the
dcrivltive as I negltion ol'thc negation

Ryhnikov, K.;\. 1954 "lrlaternaticlrcskic rukopisi l\larksa," Bolslta.r'a Soy-
etskaya I:'ntsiklopedil,a, lnd ed., vol 16. -19(r--19|i.

Exccllent hrieI arricle on i\{arx's rnatltematical nrlnuscripts hy a

rrran ruho rvrote his doctoral dissr.rtJtion on Nlarx's mathemltics.
(I'his article uas onritted in the 3rd cdition, and hcncc rvilI not ap-
pear rn the [:nglish translation o|tha Greut Sot,ict L'ttt.t'clopcdio now
ln progress. )

--- 1955 "l\latenrrticheskie rukopisi Nlarksa," Uspckhi illatennticlrcs-
kiklt tYauk l0 ( I ), 197-199.

Report ot a conference held at thc !loscow lllrthernatical Socictl',
20 l\lry 1954. Notes thut iVlalx's concepf ol the dilicrential as an
operutionJl synrhol rvlts lltcr cxten(le d hv IUaur'cc Frechct to lunc-
tional anulysis

Struik, I)irk. J. l9-ltj "Nlurx and l\llthenutrcs," .Scicrrt'r' artl .Sotictt' l1
ItJI-l()6.

'[hr lirst r('port in l:nglish on \llrrx's rrrlthe rnutics Strttik rrls
ucquitirtted only' *'ith the rrrltcriul ol l\llrx l9-l.l l. lrut tl itl huve
lcccss to thc original (lcrnrln. ,\ notctl \lurxist scholur, ln.rtherrra-
ticirttt. unrl h jstoriln ol'scicrrec, irr hrorrght his consitlelrble tulr'nts
to thc tusk ol producing a livuly introduutjon to this aspect ol }ltrx's
thr>ught.
1 97-; lLcr ie'rv ol l lUurx l ()6lil,,l ruy'rilcs intcnto tiotrales d'Il istttire
t/cs sc'it'rtccs l-i. il-l--l{5.

Yartovskul'1. S.,\. l().1-l "O rrraterrrutichcskiklr rrrkopisiyuklr K l\llrksu,"
I\tLl zttorttetrant ttrurksiznru, Nr. I . 7-l- I l-i.

A colrtrnetrtury r.,n Ii\lurx l()J31. srrpcrcetlctl b1 [rcr pretace to
I Nlrr.\ 1968 | .

- lt)69 ''Karl \larr' '[Vlntlrerrratisclrc trllrruskril]te'," .t.)lr7clx'isscrr-
st'ltoJ t. ( )esc l lst' l t aJ t stvi sse tt sc ltaJ't l i L l te l l e i r iiga ( | ), l 0-1 5.

(lcrntln trunslation of lhc prclile c' of Ii\{trlx lt)68l.

-i -j IIu-r Ier, l t' att ttt,
Px tritl utct', I?. I 0:9 0,\'

BOOKS RECEIVED

Ktrznetsov, ll.G. I 977 l'hilosolth.t' ol'Optittrisrrr. Clclth. \t<rsco*' S5.-10*.

lrcdosoyev, I).N. c't d. I.cttitt orttl tlkxlcrtt rYotttrul Sciencc. ('lotlt. \loscorv
s5.7_5*. !

Hypotheses Fingo ----
I think it is rvorth rt'hile to dem()nstraLL' the kitrd ol spcculations into rr'hich
Nlaixism lcads the scierrtist. For an acccl)tlncc ol'this plrilosogrhy.inevital>ly
induces novel types ol'actior-r anrl thought.
- J.A.S. Haldane, The Marxist Philosophy and rhe Sciences, London 1938, p, 8.

The Editor Has the Last Word

ON DIALECTICS IN NATURE AND SCIENCE

Did you take ir sccond Iook ut our l'rotlt cover or spcculatc orl
thc rncaning behind its design'? l'lrc cnrble rn was corlcL-ivcd to
reprcsent the diolecrical inte rpenetroti(),t ol'scicncc and nature,
hinting at thc manilbld inte rcouncctions between tlte ideal fontr
ol scie'ntific knorvludge arld thc Inatcrial rtatLlre it retlccts. Il y'otr
nevcr thought lbout this be tilrc, considcr. for exantple , how sci-
entit'ic instrurnents and cxpcrinrcntal procedLtres are intcgral as-
pects ol the knorvle'dge gained throtrglt tltent, yet tht:y also are
intc'gral conrponcnts ol the tnaterial naturc rellectcd in tltat
knorvleclge.

To nre the most fundalnental aspect ol this interconnectiorr
was clearly stated by Frctlcrick lirrgels: "the dialectical laws are
really laws o['devc'lopr]rcnt ot'naturc. an(l theretbrc are valid al-
so lbr theoretical natural sciencc" (Dialecrit's ry'',Volttre, Nerv
York | 94O, p )7). lIu slrorvcd tllat thc larvs of dialectics operate'
in the plrysical proccsscs ol'nature as well as in the ntcntal pro-
ccsscs ol'scicntists urrtl thc social l)rocesscs ol'rvlrich scictrcc
is part.

Ol'course, not cveryonc ugrce s rvith Iinge ls on this. Robert S.

Coltcrr. for e xumplc. r:'xprcsscd shlrp disagrecntent in our work-
shop tliscrrssion on NIarx (tlris issue), saying that Engels dc'alt on-
ly ivith historical proccsscs or transi tions rvhile "selt-cltlngirrg"
dialcctical processes are sotncthing clil'l'cren t and ttot fourrcl in
natrrrc. IIc poscs tlrt'esscrttial tltte'stion tltus:

ln llcgelian usagc, rt lelst, Ithc ternr dialectrcl rvo.-rld seenr to be
talking ahout intcrnully-gencrltcd changes, change' which conre lrom
intcrnal lorccs und inturnul relations. Internal to rvhrt'l Well, rvhat-
ever the cntity 15 thrt you're looking at , society or whatever.

Bob Cohcn has thus presentccl r,rs witlt a well-dcfirred and chal-
lenging position tlrat invites debute. Ir'lay our readcrs strive tbr
cqr-ral clari ty irr stating thcir orvn positions on thc' ntattcr. I will
open the clebutc rvith trvo (luestior)s conce rning natttral entiticl
withirr rvlrich dialectical I)rocesscs might occur: I) Wltut externtl
forccs bring ubour tltc internal polarizarion in the ntitotic proccss
ol'a dividirrg ce'll'l l) What cxternal lbrcc' prodtlces thc ernission
durirtg radioactive "rlecuy" ot'a nJtural atotn. sa)'. ol radium'l

David Bclhnr, l'roll) a searcllillg sttldy ol'the entit)' problenr in
lris (-arrsali tr aild Clruttt'c itt ,llrtdcrtr P/l-t'.sit's. concludcs tltat

... cvery cntity. horvever f'urrdrrrental it rnuy'scenr, is depctttlent l'or
its existence on the nrrintenancc of appropriate conditions in its in-
linite background and substructurr. Iwhichl. however. must them-
sr'lves evidentl)'be affccted by lhcir mutual intcrconncctions with
the cntities undcr considcration. lntlced. this interconnection ccn,
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undcr Jppropn:rtc con(litions. gro\\,so stronq thrt it hrrnrrs ahorrt t;u,rl-
rlJtrvc !ltange. t;l tht'rrtrrdcs oI berng of ercry klir) rll cr ;rly'krrosrr
thus flr. This tvpe oi lnlcrcorrnccti()n wc shall tlr:notc hy the nlnru
oi rt'tilrlltql rcl,tttr,ttslttp, to distinguish it lrorn lilcrc intcrJclton
( p. l.l.l t.

Boltnt tltus scis clialcctical changc \\,it11in un cntity as dcpcr)dir)t
botlr on intc'rnal re lations of the sLrbstnrcture an(l e xte rnal rc-
latiorrs rvitlt the baeksround. In cffuct, ]rc secs all qualitativc
cllrnge rr'sulting froln contradictions wi thin il systcrn at somc
lcvel ol'orglrnization on sonrc tirnc sculc. His cliscussion of tllc
conditions f<.rr rlr.ralitative changc will bc rcwarding to anyone
conccrne d with diulectics in ntturc.

lJob (--oltcn's position raiscd il (lr.rcstion in rny rnind that llolrnr
has lrclpcd to clarit'1 . I norv ask rvhctlrcr \llrxists cvcr sec di;rlce-
trcal proecsscs occurring cntirely indcpe rrdent ,l'tlurt "inllnit.'
backgrourrcl" c'xternal to tlle cntity inl'olvetl'l ''\'lrcthcr in rtature .

in thought. or in socie'ty'. tre not all inrre r I)rocess('s ot'dialcctical
charrqc sonrervhat dependent on cxtcrnul inllucnccs.' ln tltcr con-
cretc circulnstllrlccs r-rrrdrr rvlrich il ne\\'cntity crltcrgus lrorn tltc
old. arc thcrr'not cxtcrnal ls wcll as intcrnul conncctiorts in-
volvcd'l I rrr e xrnrplc. coulcl thc scll:lrrcrtion o1'nritosis taku place
wi tltr,rut ir propcr plrt'siolouical cnvirottrttcrtt'l Antl rvlty sltoirld it
bc surprising to tind the hall-litc rate ol irrner-gcncratcd rediouc-
tivc bcta cruission: inlluence d by cxte rnal e onditions'l *

Rccalling thxl Bqrh Cohcn conccdctl. in the tvot'ksltop, that
thcrc could be a dispute over wltetltcr thc lristory ol'stars and sul-
irxics reprr'scnted diulecticul trtnsfbrntations, I rcspond rvitlt thc
l-ol lorvi rt g \crL'nd i l)i to r.rs q uota t ion :

ln the constelllrron Orion rs u luzzy-lrrr)king stJr. r\ telescope rcl,clli
thut rt i.s:r clotr.l oi cosrrric gls antl Ju:t. untl llrrt rvithin rt stJrs .rrc
Iormrng. living .rnd df ing Sonrc stur: rluictll' f-rdc away, but othcr:
explodc rvith thc irght ttt'I billion sutts lrecottring pulslrs or possr-

bly nrysterious hlack h,rles in spacc. Such colossal cxplostons cttrtel't
the surroundillq s3s \\ ith clements tttadc in thc nttcleltr tircs of those
first sturs--und i:onr this gas fornr nert'stars and plancts untl possllrll'
lil'e. l('ulandar. .llo-t' / 976, Anrcrican \luscunt-llaytlen l)lanetariurn. )

Thc abovc passirge reads to ntc like the spontlncoLls diillcctic\
of un able rstrononrer describing the objcctivc dialectics ol a

ne gation ol'a negation occttrring in u process of'naturc.
IIutk

+ J.L. Anderson lnd (i.\\'. Spangler. Jrtur I'ltt's ('ltem 76:3603, l97l and
77:lll4, l97l Il'hlnks to Donna l)uncrtn and Rrtyrnond l'r:lt for ullling
my atlcntion to this report ol' tnom<tlous result', | .

Dialectics Workshop

WHERE WE COME FROM
The philosophicll conccpts of dialuctical rrratcriulisnr have their origins rn
science. fhese origins go hlck lt least :rs tlr ls the early Creek philosopher-
scientists such rs I)emoe ritus. In the ninetcenth ccntury. lhepc conccpt:
were shlpcd hy \larx and F-ngcls under the drrcct rnfluencc of clussical
science whiclt l'lorvcrcd with the industrial revolution. l he furthe r develop-
ment ol'these concepts proceeds today under the revolutionary impact of
modern science as wcll rs the social uphelvals o[ our era. Clearly, the nat-
ural scierrt:es have inlluencctl the developnrenl of dialectical tnatcrialisnl
much morc than vice versa. Dialec'tics lltctrksltop rvas conceived as a means
ol'bringing the interrction oI l\'larxist philosophy and natural science into a

better balance...
There are nrany objective reasons why the time is now ripe for dialectical

materialisnr to assunre its proper rolc of guidance in the process of scientific
research. First is the noteworthy fact that positivism has lost its vaunted
position o[ respectability. Despite all the claims made for it, positivisrn has
proved incapable of explaining how new knowledge emerges. The bloom is
also gone frorn 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 intcrest of the academic community in
things Marxist, an intcrest which has mainly political origins (especially the
Vietnam experience).

But enthusiasrn for IUarxism has not yet penetrated deeply into the
departments of biology, physics and mathematics. Why is this? Wh1, is
Marxism so much more widely incorporated into the social sciences rhan rn-
to the natural? Asking the question helps to find part of the answer.
.Neil.her Mar.x nor Engels nor Lenin was a practitionerof a natural science.
They were superb practitioners of the social sciences-including even mili-
tary scicnce. Each also studicd the natural scienccs, 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 dld not leave us with practical examples
for the useful application ol 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 printary goal of Dialectics lt/orkshop.
-- From remarks by the editor ot Dialectics llorkshop Conference I2 Feb. 197&
Addendum: For a natural scientist the usual path to the Marxist mode of
thought is through practical experience ip nolitical activity. lndeed, since
metaphysical thinking is so deeply ingrained in siientific training, the fur-
ther transition of the scientist to becoming a Marxist in her/his professional
work nrly be very slow and even not get very far. Hence the need for
Dialecrics ll'orksltop 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. 0
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