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Abstract

Ouvr object is to attempt .,z rigorous applicntion of the
conceptual frame of Labour Process to the study of Evolutisa of
Social Technology. The arca covered is from the dawn of huuon
evelution to the Indusirial Revolutions Some »f the nnjor issves
such as the emergence of Machine-frocess, the cmergence of Forcoes
of Naoture are taken up for discussion. Later o ﬁriuf roview of
sonc of the view points on Industrial Revdlution is attézpted and

the emorgent structure is touched upon,

rort of the moterial presented here is token from the aper,
"Towards a Conceptual Frame of Labour Process, -nd of Social Techno-
logy and Ite Bvolution on that Basis'" prepored for a Yorkshop on
"Econonic Theory" orgonised by the Indian Steotistical Institute,
Calcutta, hAuzust 18-20, 1979.

' a -
In prepsring this haper T have drawn heavily upon the dis-
cussiomI hal with lrofessor Sanjit Bose aver o long period -of tioc,
I owe a specinal debt of gratitude to him,



EVOLUTION OF SOCIAL TuCHROLOGY TO THE INDUSTRIAL RUVOLUTIOW

Part I: Introducition aand Outline

Introduction

- . 1 . . . . .
In gn earlier paper we atTtenpied at developing the counce;’

of Labour Process (LP) from where Harx had left it. Sucih an atbao %

U}

1t was mentioned, was only a first step or ks 'fouadstion' in the

T

developnent of a whole subject of study termed "social production

at the material level", Our concern in this paner iz o grect

a

subject of gtudy on the foundation of LP. In other word:, nuz 2on
cern here is at studying the azvolution of Social Technology from fi-
viewpoint of LP, As conceived above the subdbject of study iz o wugt
area in which we may not e able to focus on nore than & fzvw Ilesusc,
Let us carve ocut these issues and set clear iimita Tor aur study.
We begin: with the endpoint. Industrial Revolution (IR) is
a definite endpoint for our study. IL as viewad from dhe anglie of
LP is the substitution of operation, i.e. the unity of cpesrative
mechanism and notl ve-force, rooted in the human body unit, with the

unity of objective mechanism and forces of nature. The calmiration

of *his substitution may be seen in the emergence of the unity of
Machine Process (MP) and Steam Engine (8E). It is this unity which
defines the endpoint of our study in this paper.

Having nmarked the endpoint the issues may properly be carved

¥

out, A8 is clegar our Tirst task would be the viewing of IR Trom the
angle of LY. Ouwee Hiat iso done we caen go int the tracing of the

emorgence of the wnity of HP and 3B, This immecdistely ralses the

guesticn of the starting point itself. Az to {he starting soint,



1t obviocusly has té be the daﬁn‘bf human évolution, Thus, in a
gense, our study here is a cohfinuétioﬁ‘of whét w2 have opened un
in the last section of the earlier paper. There in atteupting to
'root'lthe unities of LF in the pvhysiological body unit ﬁe had, in
fact, gone into primate evolution. This clearly.is the starting

point of our study in this part.

As delienated above the issues are bounded by Ilt. on the
one end and human evolution on the other. The sﬁudy necds to begiu
with a view of IR where the emergence of the unit of MP and 8F in
all its essential aspects is touched upon. This opens out the iscues
which are gone into in the subsequent discussion. The first component
of the unity, viz. MP, is taken up in some detail starting from the
'primitive'tools of operation. In this discussaion, already, issucs
regar@ing emeorgence of forces of nature as motive farce are touched
upon which ore ftaken up on thair own iq traving the cmergence of SE.
4s 1 obvious, control more specifically, evolution of ftools of
control is totally left out. In terms of the corstituents of LP
this mcans our focus ig on the evolufion of 'tools' of uneration mnd

locomotion till ths IR.

Having carved out .the iésues in the broad areca of study lot
us touch upon our approach. Already in the earlier paper the tool -
technigue~LY ideﬁtiﬁy has been gone inte in some detail. There 1t
was shown that the study of evolution of technigues is fho study of
evelution of.tools, for the only concrete 'hase' of fechnijques are
the tools. Thus our study of evolution of technigues is the study

of evolution of tools or more specificdlly tools of labour.




[ the earlicer paper the evolubion of human body unit
was viewed as the '"making' of the body unit and its 'using' in
definite precesscs. Thqs the two processcs associated with the tools -~
a process "behind', i.e. mgking and ﬁ process 'bheyond', i,c. using -
together map out the evolution of tools. In the earlicr paper vwe
'briefly sketched the evolution of the corporeal body uni + whercas
now we concern ourselves with the evelution of the cxtracorporeal
lirbs.

Further, this approach takes into account the social dimen-
sicn of techniques. Both the 'making' and 'usinz' ore governcd by
social tradition and all tools are made and used sociallwg.2 Even
in the case, zay, of the simplest iron tools a large aumber of
labourem from the miners who dug the ore to the labourer whoe gove
the final touches to it have participeted in its ‘wmaking'. BEach
of these labourers have learnt from their parents, teachers énd
rnasters how to pgrform his part in its 'making'. Same is the case
with 'using'. We do not liave to discover'how to 'use' 2 screw-driver
or a brace., It is taught by owr parents? school fellows or the
one who sold it to us. Thus what we study here is'tho_cvolution of

gocial Techuology,
Qutline

This paper consists of four parts, In part II an attompt
is made at viewing IR from the angle of LF. Thie opeas out two
najor areas of siudy: Emergence of My and Zmergenco of Forécs of
Hature which are taken up for discussion in peort III snd TV respestively.

Part V attenpts to give a bricf sketch of some of the dominant vigws



on IR and exposes the onesidedness of these views in the light

of.ﬁur discussion, important areas such as changes in the 'content
of lagbour' consequent upon technical change and the material domain
opened out for man—néture interaction owing ﬁglcﬁanges in techniques

are touched upon in Part II but are not pursue_,d later on,



Port II: Industrial Revoluticn

1. ILantroduction

As is well-known Industrial Revolution (IR) is a historical
cpoch in the evolution of Western Socicty. As it.is a historical
epoch in the evolution of a sociecty it may bé viewsd from different
angles. We nay cite the first great writers on IR: Airnold Toynbec,
who, it is popularly belicved colned the term IR, fbought that bic
essence of IR, "is the substitution of competition for the medioval
regulation which had controlled the production ang Jdictribulion of
wealth”j. Long beforc Toynbee Marx who had taken up o systomatic
description of what he called 'die industrielle Tovolution' zousht
itz essence in the '"machinery revolutian". One of the distinsadshed
historians of the early twentieth century siught the characteristic

feature of IR in the factory syvstem., Thus it is clear thet variosus
writers had vie%ed it from various‘amgles and zought 1ts esssnce in
various aspects. DBut vhat needs to be noted is the fact that nons
missed to accord a pride of place to the changes taking place in tha
syaten of production in thot epoch. This has variously been c-1lledl
the emergence of the factory zysten, modirn industry md lorso-
scale industry. As mentioned at the very outset our concern is lac
study of social technology and as such we confine ourselvar to tha
developnents in the technicsl sphere of IR or the modurn indastrr,
We do not proposc to go in any detail into the socioc—~economic
developnent of the epoch. But as ond when necessory we draw Tron
within the socio-economic fabric specific develonments portaining

te social institutions, relations....ete., the focus 211 alon~ Leing



on the study of evolution of techniques.

2., Emergence of the Unity of Machine-Process md Forces of Heoture

As nentioned above our focus is on the techricnl aspect of
IR and our viewpoint is that of LF. Now the technical aspect of IR
viewed from the angle of L¢P is simpiylthe otergence of the unity
of machine process (MP) snd forces of nature substituting the unity
of oPefative-machanism and motlve-force rooted in the hugan body
unit. In as much as this unity has two components ite emerceace
needs ta be traced as the emefgence qf MR oﬁ the one hand and the
substitution of the mofive—Torce rooted in He humon nuscles by
forces of natire. Wow the emergence of forcesof nature subsiituting
human muscles needs to be viewad in its totality. We hiove ceen
carlier that force on its own is at the very bese of locomotion
whereas in the context of operation it is viewed with roference to
system, viz. operative-nechanizm. Thus nny ctuedy I the emcrgoncce
of forces of nature substituting human nuzcles needn to go into Lot
these‘areas. Thus once is led to the cdncussion of the omergence of
up onlthe one hand and the cnergence of forces of rature in ozercotis

and locomotion on the other. Let us begin vy illustrabing the

e

cniergence of the objeciive wuilty mentioncd abovea

It goes té the credit of Willism Lee who inventod the
knitting frome in 1598 of marking the beginning of the nww oro.
Later on Hargreaves invented the spinning Jjenny, Cromnpton tre lule
and Cartwright the loom. These inventions reploccd the respective
operative mechanisms. Howaever the motive-force wazs 2till sup.liue

by the human muscles. The first effort at substituting the unity



was made by Thomas Lombe, His silk-throwing machine was moved

by the water—w@eel. This was an initial beginning. 7The real
beginning are to be seen in the_cotton industery. The invention

by John Wyatt and Lewis Paul of the spinniug machine and their

use of donkeys to move the machine marked the initial attemopts of
factory system in the cotton industry. However the significant
development was Arkwright's wéter-frame wnich put the unity of Mr

and water-power on a sound footing., It was in the 17805 that efforts
were made at using the steam~engines; which were %ill then used for
punping water, as the source of motive force for machines. In 1780
James Pickard patented & mechanism which had application of both
crank and flywheel. Though it was originally Yaftt's idea, naving been
'Stolen' by a workman, Richard Cartwrihgt,'instead of contesting i+,
Watt came up with substitutes for the crank which he patented in 1781.
From 1783 onwards rotative engines began appearing asnd gpreading in
different industries. The thrust of the rotative engines msprbs

gayged from the following:

The totsal number of engines builv during
the Boulton and Watt partnership* was roughly
500, of which 38 per cent were pumping end 62 A
per cent rotative (mostly for the textile industry)....

As is clear what has been 1llustrated so far iz the emergence of
forces of nature: animals, Yater and steam-povrer as motive-forc:
for machine-processes. All thesé forces had by thoen smered us
sources of power for locomotion in one way or the other. Hpecisl
mention needs t¢ be made of the importance of steam-engine as a

punping engine. The emsrgence of the unity of 1?2 and 53 marked a

*
the partnership lasted for about 25 years coming to a close in 1800,



turning point not only in the eveoiution of techniques but also the

emergence of a new economic order,

The emergence of the objective—unity, i.ec. the "unity of
MP and forées of nature marked the 'placing' of the unity in
operation on the plane of nature. The unity rooted in the human
body unit now emerges as & process ('rooted') in nature. Consequent
upon its 'placing'! in nature, i.e. among the 'sum' of objects out-
31de man, it is subject %o ail the rules which other objects are
subject to. BSo much regarding the 'placing' of the unity. Now let
us move on to the "developumentt marked by it snd its implication to

man-nature interactions and man's doings in this interaction.

3. General issues around the emergence of Objective Unity

In as much as the emergence of the objective unity is a
.replacing of clenents roofed in the human body uni® by clements of
labour. Here let us recall Bur stafting_point for the discussion
of Lr. LP was gimply conceived as 'man's doings in man-nature
interaction'. The emergence of the objective unity hasz, obviously,
teken away a definite subunity of L? from man's doings thereby
altering the content of labour. At the same time as it is o develon-
ment in bools it marks an improvement in the accuracy of determinute
motions and makes for a vast leap on the fgrce front. These improve-
ments have important implications. With every development in toolc
the 'area' opened out for man's interaction becones lorger, Closely
related to this opening out is the emergence of "matcrials' needed

for the making of ftools which are amenable to the more accurale

determinate motions and which can withstanl the larger magnitude



and intensity of force application. These improvements on the
determinate motion and force front hawve further important implién_
tions to labour. The exacting requireﬁents thrown up by ﬁachines

and forces of nature call for discipline and intenéity of app}ication
on .the part of the labour. These, then, are the genernl issues that
need be gone into in the discussion of eveolution of social Technolozy,

Let us teke up these issues in the specific context of Ik,

4, Change in the 'Content' of Laboﬁ:

We begin with the gquesticn of change in the content of nan's
doings in LP owing to the emergence of the objective unitv. Let us
recall that LP was conceived as.unities at differemt levels. A4t one

,level’it was'viewéd‘as the conceﬁtion“— gxecution ity and then at
successive levels it was viewed as sction-control unity and the unity
of operative-mechamism, motive-force and control. With the emergonce
of the unity of objective-mechanism and forces o? noture the oleoments
at the 'base' of the actions are {placed' outside the body_unit and

-~

consequently man's role in thesc actions gots eliminatsd. With tnico

- 2

man's deings in LP get confined to countrol. PFurther man has te start
and stop these 'objects' which have taken his place, fecd the meateri
and toke delivery of it. Note here that these zctions are derinsd

~with reference to these 'objects'. With this, in L2 'objccts'! occergr

a key place man becomes a tendor of these objects,

This changed role of man has an important impiication Lo the
question of skill. Skill is rooted’ in the frome of operative-mechanisme
and as suck the replacing of operative-mechanisn by sn objective

mechanisms eliminates the very basicgsof skill of lakour. Tho chinge
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~in the content of labour and the climination of skill gots
reflected in the initial period of the emergence of factory systan.
The skilled-craftsmen considered the labour in the factorios devoid
of skill as mean and degrading. Many of them rcfuscd to go to the
factories for work. S0 nmuch regarding the change in the content

of labour., Now leu us go on to the guestions of 'irprovemcnia' in

tools.

5. Improvements in Determinatediotions and Mzonitude and Intensity
of Forces i

The emergence of the objective unity is o great step in
human development. First of all the emergence of NP by replacing
the operative-mechanism rootcld in the human body unit m=ade for nmore

accurate determinate motions, Let uz illuatrate it. The lathes

which emerged fronm the 16%th century onwards are clear illustrations

of it., -The boring machine of John Wilkinson was one of the reovolu-
tionary products of the IR-era. With it the sccuracy of the boro
was vastly improved. It evolved during his work of boring camnon in

the production of ordanance:

The gun was cast solid, and instcad of
making the boring rod revolve, as haod been the
previous practice, Wilkinson caused the casting
to rotate about a fixed bar along which *ravelled
a sliding cutter. By this method a more unilourm
bore was obtained than had hitherto been poasiblo.
{emph. mine)?

Thus the emergence of objective~mochanisms in the nlace of
operative-mechanisn rooted in the body unit made for far nore

accurate determinate motions.
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Closely associated with the question of accurnte determinate
motionslowing to the emergence of the objective-mechanisns is the
question of forces of naturé. It is only with the ensrgence of
objective-mechanisnas in the place of operastive-mechanisnma that the
application of outside forces, i.e. forces of nature, a8 totive~
-force of operation is made possible, The application of forces

~of nature.vaestly lncreased the magnitude and intcnsity: of forces.

For example conpare the nagnitude of force applicd by cettle, horse
or water with that of man., According to R.J.Forbes4 the flour-mills
of ancient Rome were driven either by two men or o domltey and the
horse when used as 2 pack-animal could carry four $imes as ouch as

a man, The early efforﬁs with forces of naturc did not make much
of a difference to intensity. But the water and windmillé and ‘Yo top
it all the steamn-engine improved the intenzity enormonsly. It 1o
mainly owing to this increased intensity thaet the lilting of water
from the wmine- at very high rates was made possitie. The vast
improvement in'productivity' is also relatel Lo i ~ucation of

intensity.

6. Inmplications to Man-aoture Interaction

Having touched upon the 'improverent! owinry to the cacrzenc.e
of the objective unity, let us go on to touch wu»on th:s duplinations

to the external of labour, i.,e. nature, in rmon-nature interactions,

nagnitude end intensity of the forces applicd opencd - vast —oterial
donain for man-nsture interaction. The materials witich till +then

could not be worked upon could then on be worked upon with the energent
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tools. The working on iron which was made possible Ly Johm
Wilkinson iz a case in paiﬁt. It-ié’ﬁwing fo‘this‘invention

that one of the chief difficulties of Watt in. prl-;).cui‘ing. a eylinder
sufficiently accuréte.in‘bore to prévant the leakagé.of'égéég could
be solved. Similar was the effect-of the increased maénitude and
infensit& of force that'édﬁid be applied owing to %he-devélopment
ofszrces of nature. A case iﬁ béint iz the changes.broﬁght shouh
iﬂ the iron igduétry in théJlater half_of 18th éentury. Thg powen
of the water-bellows was vastly increased with the use of the water-
‘whee].- and the steam-hamder built by Watt for Join :-=ri1kipsc$n el ghed
a hundred amd twenty pounds and could strike a hundred aﬁa fifty tlows
a mi_nute".4 They not only gade possible the full use o? coal in
blas% furnaces but also specded up production_eno¥mously. The above,
i.e. imfrovements in tools opening out vast material domains for
man-nature intaraction, may be calle@ the forward.linkage,r At the

gsame time it 18 possible to visuslise a2 backward linkage as well.

7. HMaterial Base of Tools

VThe backward linkage referg_ﬁo the question oﬁvthp'material
base'* of the Fmproved tools, With the more gcqu?atc motions and
,vgsjly ing:easgd magnitude and intensity of force such materials
are required for the making of these .tools which could withstand
_ thq increaged force and which are amenable to theiﬁpcurata;determinato
motions, The increasing rep}acegent of wood by:metq;s, eepaecially
iron, in the.18th century and after is a clear illustration of it.
This ends our discussion of the development of tools marking IR

and its implications to man-n.turce interacticn.
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2. Implicaticn of Improvement in Tools %o Labour

‘MTow let us go back to the question of labour. Here what one
is interested in iz in viewing the implicatioﬁ of the vast 1ncrease
ih magnituée and intensity of force to labour., At the firét glance
itsclf it ie clear that the regularity and continuity which are
'basic'! to these objects imposes a certéin discivline on the labour.
Tace for insﬁaacefhelabour of feeding thie material and taking
delivery of the »roducit. There is a certsin rate at which %the wmotion
ié'repea?ed and the labourer is Simply subjected to thiszs rate. He

cannot start and stop the "work'! whenever he feels like doing it,

he has to follow the rhythm of the machine, so to say.

This conmuwletes our discussion of IR, The above discussion
nhgs not only opened osut o cerbtain theme as to - the dovelopaments in
tools buk also cpened out two related ficlds: the change in the
content of labour consequent upon the developments in the tools and
the 'area' for interactidn opmned out conseyuent upon the develop-
ments. ¥From now on our focgé shall mainly be on the cvolution of
taschniques, i.e. the developments in the tools wherein we shall

‘touel upon the consequences of these developments to the content of

labour an the 'area! of intoeraction in the passing,.



14

Part TT1: Bmorgonce of ligehine-Proccss

1., Introduction

48 introduccd ecarlier the. task before us iz to trace the
smergence of the unity of Machine-Process and Steom-Engine. In
terns of the coﬁcepts introduced so far these developnegnts that
congtitute the emergonce of the unity cﬁﬁjbroadly be set under
two heads, Under the first heod falls the emergence of‘f&rces of
nature as motive-force cuiminatiﬁg in the ecnmergonce of stcan-engine.
Tnder the second head falls the emorgens ¢ of Machine-Process,
Obviously the discussion of the mecond pfoceeds taliing the source
"ol motive-force az man, To put it differently the two broad arcas
correspond to the tracing of dovelopments in thoe 'tools' of opers-
tion =nd 'tools' of locomotion taking mon a8 the sovicee of moti ve-

force =and to the treocin, of H.. cmergence of forces of nature as
= <)

sources of motive-force.

e propose toﬂbegin with the ftask of tracing tic emergence of
MP in this part. 1% is clear that in tnis fask the "area” we nesd
to cover is thet lying "bchind®™ the MP, To got a5 grusp of this aroca
Wwe begin with MP and fhen go "backwarxds', Tirst of A1, MP is

defined with rcferecnce to operations in L¥ s the o2wcratd yn whore
the operadtive-mechanianm whiech iz rooted in the human body unit is
replaced by an objective mechanism., Thus e arec lying beonind 7P

corresponds to the evolution of +fools of operction culmingting in

the objective-nmechanism fulmbtituting operative-nechanicn.
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As developed in the structurce of Lgbour-Procoess operations
is viewed as o unity of operontive-wmechanism md notive~farce where
the unity is rooted in the hu.an body unit. Inutho contexrt of such
a unity the emergence of objoctive—ncchanism in the place of.operativC—
mechanism is essontially the separation of operatife—mechanism from
the unit& that is 'rooted! in the body unit. Thus fha emergencoe of

MP is the scgparation of tho operative-mechanism from the unity
retaining the source of motive-force as the body unit of man, This
question of separatioﬁ is roised owing to the fact ﬂtat operation ia

a unity of opcrati%e—mechaﬁism and wotive-force. In the casec of
locomosion since it is conceived as an intoraction of forces the

basic elemoent is Force and the question of separation does not arisc.
“nstend here 'the chenges is in the direction of facilitating ﬁho

smotl human force to deal with larger forcosz of nature. The evelution

of tocls of locomotion, thus, is in facilitsting forces of man,
\

In the light of ths discussiocn on IR, it is clear that the
evojution of tools of operation mdse for the prergenca of forces of
nature on source of motive-force, i.e. overy nmoeve nerit towards
geparation opens a vast area for the climination of forces of man
whereas the cvolution ol tools of 1ocomotion simply facilitate the

application of Torces of man, Our discussion in the following soctionc

is an attenpt ot developing these two thanes in sone detail.

Qur starting poini feor the diécussion iz the down of boman
evolution. Our concern, thus, is the extra corporeal not oo ool
the corporeal body unit. The starting point is tihe 'object' piclcd
by man and used in carrying out actions., This is thc prinitive tocl

or an 'exterded liplh'.



16

2, BEvolution of Tools of Locomotion

As elaborated above operation, i.ec. doterminats wotion is
concedved in the broad area of interaction of forcec by iatroducing
the notion of 2 system., Thus it is hecessary for us fto begin our
discussion of the emecrgence of Machine-Process by viewing the broad

arca of intcraction of forces.

A5 already mentioncd what is basic to locomotion is interaction
of forces and what it determines is either the introduction of loca-
tional chenges or prevention of such changes., The human role in
locomotion is the opposing of natural forces by human muscular forces
and 'tools! of locomotion gré a nedium for btransmitting thoese forces.
The contral problem in locomotion is that of dealing with the forces
of nature of different magnitudes mnd intensity by the limitod

~

hunan force. This sets the direction of evolution of the tools of

locomotion, In tracing this ovolution let us begin with the primitive

acts of loconmction.

The primitive zcts of locomotion are carrying mnd »ulling,

Let us briefly go over some of the basic principles undorlying thero
actions, Carrying necessarily roquires.equilibrium 2f the man-lood
combine, With any increase in the magnitude 2f the load definite
problemé are poSed in keeping the man load combine in ~guilibrium, - This
puts 2 ¢lar limit on thr magnituds on the Lload thaot can Bc carried,
‘In pulling the man-load coubin: iz separated and the quostion of
cquilibriur caorn be eonsidered separately. This immediastely faidcsr
the lozd that can be pulled. But there arc clear 1imjﬁs.for thia

too owing to the smallness of the force that man cun arply.
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The evolution of tools of locomotion ars basicaolly an
attempt at dealing with loads of increasing magnitudes with the
limited humsn force. The first and foremost tool that man comes up
with is the lever, The primitive lever is 2 pair consisting of 2
rod and a support. The rod of the primitive man is an object picked

at the flux of the action and the support is the ground below,

Now the object itself gets modified in the course of the weition onl

gets a proper geometric form, The working of tihe lever iz roverncl

by the displacement principle: a gmall force by moving o largc

distance displaces a large force by a sma_lrdista;cé. tore tie
small force is that of the human nuscles and the large osne is tho
load. In due course other mechenisms working under the some purincli Ll
come te play definite‘roles iﬁ uovVing loads of Lncreating nagnituc e,
Wheel, pulley, screw and the wedge are instonces, Tith theso nochaninl
instruments dead weights (gravity) comes o substitute human Jorc:s
in moving or at least provcnfimg the notion of bosdies. Zﬁ lively
discussion of these instrumcﬁts nay be found in Galileo, An atteint
is made_at sumrorising it in the appendi§7. But note thet all thoe:
instruments have human force at the very bese and the esscuic of
these mechanisms in locomotion is only in fucilitating the roving
Qf‘large ioads by the limited human forces.

Thc concept of 'work', so to say, emerged a3 o condoguoneyg
of the understanding of tho displacement principle. Wifth “hu
unterstanding of the orineiple of lever and *he =olc 0 humon Tocowu.

Q.

by

in displacing large loads therce comes to he an objective bosis
the measurcment of workdone in loconotion. Hers the woridone by

L.

human force is in woving loads, which is obtoined Ly The product ol t e
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load and its displacement. It is obvious that the same formula

cennot meahingfully ansplied in obtaining the 'werkdone'! in the

case of operation.

Before going any further, let us clarify the rnotion of mechs-
nisms or mechanical instruvents as thoy are called. The first thing
that we observe in all these instrumentz, i.e. lever frulley, wheel...et
is that they are all, so to say, systens having more than one elenent,
Levef'consists of the rod and the sunport, wheel consists of the wheel
énd axle....etc, Thus they.aro systems of matérial bodies havimg
delinite géometrical axéé. The motion in theue systons is of certain
glements about these axes. The lever moves about the perpendicular

,

drawn at the support, the wheegl gbout the suis ruming through its

centre and S0 on. Thus what we have called mechnnical instruments are
systoms of material Bodie® with lefinitve geometric axes md motions
about those axos. The purpose they serve in locomotbion is in facilitae-

ting the applicationm of human forces.

Here it may be pertinent to point out the historical dimaensions
attached o this group of instruments, It is with reference to this
group that Hero of Alezandria said:

the simple mecharnics by which one may move a
given weight by a gliven forec are five in numbor.

Hore or less the same group Treappears in Galileo. 411 slong the

wnotion of machinery was inextricably tied up with thesze obiscts siunce

the time of Hero. These gbiects were thousht o w3 fhe primsxry i .3isz
of all machinery. A3 may be clear our own o»ffonri is -t vietin, inese
objects not as mere objects but as objects in process, T4 15 essesti. i

such & view which allows ug to call mechanicme “n oneration as naching
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process- to distingulsh then from all others.
Boving discussed the ovolution of tools of locomotion and
having clarifisd the motion of machine-process Turther the astage is

set for the tracing of the emcrgence of machine-procoes:a.

3, The Emergence of Machine-Procdss

Ti. The Initial Separation: Az introduced above the evo}ution
of tools‘of operation—needs to be studied as the separation of tools
-of 0per;tion from  the tools of locomotion, The starting point for the
gtudy is #he dawn of human evolution and the primitive tool i the
object picked by man at thoe flux of thé action. The initial stepe of

LY
1

separation may ve secun in the separation of ﬂne_working gdge from the
gripping edge in the general varpose tools. HNote that no such separa-
fion.cag be obzerved in the tools of locomotion zuch as lever pulley,
wheel....etc. The class of general purpose tools are called the same
because there is nothinz in th: shape of their working edge to express

the motion they cmter into in the actions. They are 3till at a gencral

level .endc ithey are, predominantly,‘tools,of-force aoplication., The
distinction in motion is basically owing to the motion of the bodily
limfs. Observe the primitive gensral purpose tools., The definiteness
af the hitting, grinding, hammering «nid sc¢ on are not reflected in the
'*tool' as such, but only in the motion of thoe hand. These, in a soasc,

i

characterise the boundary of locomotion and operation.

o]

%]

The separation of the working-edge from the gripping cdaze

Lrgacy

gives us three pairsc: limb-tool psir in the 'grip': tsol-workpicce
pair in the 'work'; and the workpiece~limb pair in fne 'hold!, Within
the 'grip' and the "hold! thewre do not exist any relative motion which

in fact make for the regquired motion in the tool-workrnicce poir.
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The constrainment of motion in the 'grip' and "hold" arc achieved
by nmuscular forces.

is already mentionecd the general purpose tools do not 'concretiss'
the deberminate wmotion, This concretisation comos"hﬁouﬁuonly with

o to

the movement from the zencral durpose too;%/speqific tocls, i.e. tho
emergence of specific geometric forms at the worizing end, Hi%h thiz o
can talk sbout determinate motions - the seperation of determinate
motions from locomotions has begun. It neads to be noten that this
movement is not a once for all movemcnt, this is a process of differen

tiation and refinement.,'

With these differentiations and refinement ot the vorking-cdge
there necessarily goes a differcnt process at the othoer ond, Since
operation is a unity'of operative-mechanianms and rotive-force tﬁe
initial separation of opsrative-mechanism with the diffarehtiation
of working-edge make way for chonges in the force applicstion. This

[{
& - 2

nay be seen in the sceporatica of fHie force-zuplying pizce from the

working piece in the tool, Takoe the caoss of the

or the rope and the drill. 4 paraliel develompert is G
piccn
tool where the worliing-~tool is a different/from Sho rrdoping pieco

i couposite

and these two are combincd together to mako the aounoslic-tool,

So far we hove touched upon the gencral purrnse fools, specialised

£

:
dae iy
Llao

tools and composite tools, And through thui we lLiove Troce
scparation of operations in the broader ares of iocom;tionsn But
all along the ﬁnity of operstive-mechanism ond motivekforce g such
is 'rooled' in the human body unit. How we chall obtoint tracing

the emergence of the operative-mechenisn suitside She hody-unitr which

in other words is the emergéice of nmachine-process, . &8 is cleoar this
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morkothe breaking up of the unity rooted in the huran body unit.

ii. Emergence within the overstign: The emergence of MP can be

vi ewed froﬁ two directions: 1. from within the ocveration: 2. =28 o
mpvemenf from outside fhe operation, i.e. a8 a movencent of the objective~
mechanisns from the area of locomotion. We begin with the first.

'Let 18 take an example. Consider the fire-drili? I+ consists of 2
wooden plafform with a hole and & pointed ro@;r The humen hands hold

the drill verticeally and give partial rofary notion %o the drill.

The hands by ﬁressing the drill down and by holding it propoerly elinmi-
nate all upward and horizontal disturbing motions. The 8Same hands

which constrain motion also introduce motion in the syatonn, In thot

gense both- of these are rooted in the same huvuman body unit.

Now consider the case where one man eliminates the disturbine

potions by hdlding the drill from the tor and preossing it down,

Ancther man introduces motion in the pair by mnemns of o rope. The

two aspects 'constrainment' and 'introduc tion' of moiion' are clearly

=N
Lo

separated. It is essentially such a sevaration which sets tho starc
for the emergence of MP, 411 that needs to be done is %o AXT ange
material bodies s0 as to replace the first person ~ho nresges the
drill down. This is done by erecting'a frame which conneccts the
ﬁlétform with the drill leaving a circular holc a0 thrt the drill is
placed vertically. This iz the objective-mechanism which replaces the
first person. Note that the motive-force is s$i1l supplied by the

other nman.

In the case of the fire-drill the separation ig clzar cut nainly

because the motion in the pair: drill-plonk is rotary whereas thce
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human limbs, becauserf the structure of radius 'and ﬁlna can at boest
zive semi-rotary motion Zﬁet&ils may bo found in Gordon Childelf.
:Owing to this, fiom.earlyltimes attempfs were nade at converting the
to~and~fro motion genérated by. the hand into rotary motion in fhe
drill. The transmitbing objects such as the rope and the bow with a

!

string are all concrete expressions of this effort.

iii. Movément from Outside: 'To,clarify the second, let us
consider the grinding wheoel. The Wheel—with its abrasive edge or
surface is mounted on supports. The workpiece to be ground is held in
the hand and is brought %pto contact with the abrasive surface. Herc
the wheel nounted on supporﬁs_ié_the common wheel talked about in.
locomotion, The onlylédditions are tha abrasivg edge as the !tool!
of 6peration andé the hand hqlding_the-wofkpiece. The latter is eliminate
once a 'holder' is fixed on to the frame of the wheel. Thus, here the
wheel-on—supporﬁs is the cbjective mechanisn which has moved frow the
sPhere‘of locomotion to the sphere of OPQFation, with the tool of
operation and the woﬁkpiecé fittéd on to it substituting the

operati ve-mechanism. This narks the emergence of nachine-process.

MP, thua , is defﬁn@d by the advent of objective-nmechanisms, in
the operations., The objective-mechanism simply substitutes the
operative-mechanism of L.P. In other words the determincte motion
within the tocl-workpiece pair is now obtained by an objective-necha-
nism énd not by the operative-mechanisn of LP rooted in the human hody
unit. But the role of 'motive-frree' and 'fitools' do not chonge. Not
only the motive-force but also the tools of operation stand in tke

samne relation to both. Given the operation, L? gets expresscd through
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its operative-mechanism and it; tools utilising the necessary force
both from human body unit and nature., In exactly the same fashion
a machine-process gets expressed through the objective-nechanism with
its toels, utilising force fron vaffous sourcos, Within the domzin of

operations, the substitution of LP by HP is thus logically compleote.

Note that both the routes of the advent:of objective~mechaninnm
have their pricr bases in humon actions, - Consequently,'we nay say
that th§se *tools' have evolved in-human actions. In one case it
evolves in the operation whereas in anothéfrif évqlqes in locomotion
and then nmoves on to theloperation. Hence wh.:t l;es "hehind' thesc
tools is the human actions and the knoﬁlédge coincident with then or
précEical knowledge. Since or outside knowledgedroo not play any role

in their evolution.

4. Change in the Content of Labour: Tow let us rmove on to the

content of labour after the evolution of IF. Thoﬁgh in terms of the
aspects, i.e. motive-force and operative-necchanisn, the relationship
renains the sanme, nachine process brimgs about a change in the content
of labour. I+ brecks the cssential unity of labour in operation thercby
setting tho éfage'for the ufiiisation of forces of noture in the place

of forces of nan.

Let us Cénsider an exam?le say the type-writer, to Ering out s3ome
of these aspects, Firstl&, thorcombinatian of motions in vriting an
aiphabet is eliminuted by fhe;‘type' ﬁhcre the operation trilsdown
"sinply to stamping, say with o tubber stamp., Iw the next stage, there
is an explicit objective-mechenism, viz. the trrcwritor, which holds

the type ond the paper. Hsre labour provides only the nofive-force.
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Here it may be pertinent to toke up a point about 'holding'
the too} and the wofkpiece. The fixity of thé workplece or the
tool is not a logical requirement for detenninnto noation within the
yeir. Teke the case of the type-writer. In the modern type-writers
the paper is fized on the rollers snd the tyve strikes ot the pPaper.
When the type-writer first made its apvearance, thé typo used to be
fized and a hammef used to strike the paper on to the type. It is
clear from the obove example that distinctions such as whnt labour
is woxking on and what labour is working with in the sense of tfixcd!
and 'moving' positicns, do not take us very far in distinguishing one

ag the noterial and the other as the tool. ..

5. QObjectiveMachanisn in Process

We coneludd fhis section by constrasting the role of nbhjective-—
nechanisms in locomotion and in operation. Since loc oiotion has only
force as its slructural elentent the role of objectivo~ﬁechanisms in
locomotion, as mcntioned ahove, is hasically as o transnitfor of force
facilitating the application of force. The doterminste motion in the
rechanisng as such is not the cssence of loconotion, it only facilitat
nan in dealing with loads of increasing magnitudes with the linifed
humon musculoar force. In operation thesc objective-mechanisms play a
different role, they substitute hunon operative-mechrnisms and thus
came %o occupy the very base »f deberminnte-motions, The cosence of b
objective—mechanisms is constrainment of motion rnd e g~ic is the
essential element in operation, Thus objeciive-nmechanisim comas ty 113
own in operation. Whercas it is only o wediun for the transuission of
forces in locomotisn, To pu£ it differently, in oper-~tion constroinme

of motion is the 'end'! whereas in loconotion it is only 2 'moans' for
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the acfi@n of forced8, The machine process as we have conceived,

refers enly toc operations with =zn objective-mechanism. Becuase the
operatien must necessarily have prior. basis in LF the ocbjective-
mechanisn necessarily substitutes the ope:ative~nech5ﬁism of LF. In

the centext of locomotion, on the other hond, the idea is essentially

ef wing o medium to facilitate the application, of force. One is essen-
tially the notion of substitubtion whereas the othcr is a2 notion of
imprevement. With this, notions like the objective-ncchanisn in loco-
nmotien as 'simple machine! cannot have a logical basis in our discussioans,

It puts the whole idea of machine squarely within the area of operation.

e Overview of Tdeas on Machinery: This scction tries to

provide an overview of the dominant if2us on nachinery of scientizis
~nd historians, Already in an earlier zection we nave touched upon

the viegws of philoscphers and sciéntists o' 3inple machines", It 4nc
been pointed out that ocur conception of machine-process 'places’ fhe

machine in the aren of operation. Here the ftwo kay idess seen to v

(i) the tool-nachinery dis+inction,

(ii) the structure of machineries,.

In traditicnal writings, the treaﬁnent of tool snd machinery is
full of stefements like: 'tool.is o sinple machine' and ‘maching is
complex tool! which clarify neither the nature of tool nor the nature
of nachine, By ado;ting an explicit process view of production frow

the very beginning we avoid oli problens of o prioristic objact clossi

fication which zeen to lie ot the root of theso Y“inds »f confusiona.

In'the discussion of structures, similarly there is o deen

rooted confusion of the differcat aspects of the mechonisc with the
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mechanism itself., This, ag secw above, =ets cxprosscd in the

”

indiscriminate use of the term Twochinery! vhethor in the context
2f Yoporation' or 'determinate-motion' mnd Yloeconotion'. It iz only
in the context of operations that the full logical senege of Inbour-

nachine suwbstitution is obtained, and our concopts pey full heed o

this idca.

Hith this general view of the traditional writings on ivchinexw
let us take up Marz., Marx was criticcl of the ltind of foolenachinery
distinction guoted ebove, Logically, his basic concept avpears o o
"machinofacturc! which plays the same role as our machine—process.

This is only inplicitly defined by Marx when he says,

Thus the working machine is o mechanisn which

through the instrunentslity of the tools attached to

it carries out the very some oucravions which the

nanual worker of the former dnys carricd out with the

tools of o like kind (p.394, Uopital).
The "working-machine" of Marx ig coupnirable to our objective-machanise
in operation, But it necds to be noted that in Harx tois "working~
machine" i only a component of the "fully developed wmachinery” zs he
concelved it. Unfortunately, this conception appenrs to be subject
to the sane kind of confusiocons we have talkcd aboui:

411 fully developed machinery consists of three
essentiglly distinct parts, the notor mechine, the
transnitting nochanisn, and the mechanised ool or
the working mochine, (p.393).

Taking the motor machime as the source of nmotive-force and the
working-nachine a8 dur objective-nmechanism Mnorxz's fully developed

riachinery .covers the whole of operntion 23 opposed to on element of
it, A4Also, given the operstive-mechonism ~nd the potive-force as two

clements of operstion it dons not eppenr peossible to scogresnte trans-
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nitting mechanism as. an independent element, distinct from the
working—-machine. Depending upon the specific scurce of power and
the nature of operations one may be oble to locate some mechenism

as a tronsmitting mechanism in particular cases, not in general.

Further, Marx does not make any distinction between oporoiion
and locomotion (p.396). This vitiates his account of the‘WOrking-
machine. This has 'its roots basically in the weak structure of LP
in Marz, Hence the frame; a8 it is in ¥Marz, appears rother inodo-
guate for understanding the nature of problems he tekes up in the

evolution of technology.

In sum, we have attempted at viewing two key issues, fiz. the
evolution of tools of locomotion and ewolution of tools of opcration,
in the broader ares of Social Technology from thre sngle of LP, This
has Tacilitated ocur throwing somelight on the neotion of idachine-Process
thereby placing it in some logic:cl order. Obviously, no historical

explanatlors are attempted.
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Part IV: Energence of Forces of HNature as Mortive-Force
OR ) o
The ‘Role of Science in the Bvolution of Socinl
Technoclogy

1. Introduction

The subject matter for discussion in this part is the
emergence of forces Qf nature as motive~force in general and the
emergence of Stean-Engine as & primne~-mover iﬁ particular. . As in
the study of the emergence of MP, so in the situdy of emérgence_of
forces of noture the concrete 'objects! at our diSposallare.the tools,
Tt is only through these tools that we can trace the energence of
forces of nature. In ﬁhe-case of P, thougﬁ we did touch upon the
processes !'behind' tools, i.e. the 'making! of tools, our discussion
vas nostly coﬁfined to the processes 'be&ond' tools, i,c. the 'Tusing'
of tools, Here in our discussion of the emergencc of forces of nature
we.eséentially deal with the processes 'hehirnd! tools, in other words,
the tool is viewed as a product. end the celements that go into its

'"molking' are gone dnto,

Our stariing point here is a class of products =2nd our
corcern is with the processes 'behind' ther. What lies 'behind!
the product is the mabterial tranéformation corresnonding to o definite
LP and LP itself is an cxpression of a component of social tradition,
viz. technique, which wos viewed s o unity of knowledge and action.
Thus the tracing of the emcrgence of forces of nature ns motive-force
boeils down to the tracing of these products which in turn is thce
tracing of the evolution of knowledge =snd action in LF, Lction is

nothing but tool 'using! and the study which has becn taken up in
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detail in the discussion of the cmergence of TP corresvonds cssentially
to the evolution of action. Whnt is left out is knowleodge a8 o con-—
ponert of techpique lying '"Dehind' thoe tool, Our discusesion, hcre,
then, is to o large extont an attonpt ot tracing the evolution of

knovledge of forces of naturec as expressed in the tools,

In the discussion of the Structure of Labour-Process a distin-
ction was intrcduced between aractlical and scientific knowledga.
Knowledge is affer 2ll that of mate;ial tronsmetion or'change' in
nature ond as develeoped in the earlier discussion these changes 0 troas-
formations. ¥ny be classified into two types depending uvon the role
of nan's doings in the transformations. In the cpose of the trans-
formation which are determinod (detorminin# role of hu.on actiins)
by human actions thé knowledee of the trmsformavion iz that coinci&untl

with the actions. This knowlcdge nay be called proctical. Liaculodic.

¢
ENE

'T do it s0 I know it typve'. In the casc of nll other transformasd zoo

the knowledge is baBically that of nature irrespecitive of or inde-

pendent of actions. Such knowledge nay be cplled sciditific. Thun

-
LI

our concern of tracing the encrpencce ¢f Torces of aaturce turns out ¢
a study tracing the role of scionce or scientific imuvledge in thos

evolution of products which come to occupy o Jefinite ploace in Lr s

tools, to be exact 'tools' of faorce supply.

2. Scientific knowlcdge in the Encrgence 9f Forces of Nadure

The startine point for the study of evolution =i tools Lus

already been defined in our discussion of teools in thic structurs of

Labour process. There we beogan with ftools not only as orgons o7 looour

but also as products of labour. "In fact, the huwworn body unit itsclf

was viewed as o product of labour. PFurther on, in the discussion of
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humon activity ‘'behind' thom, i.c. tools cvolved in the action. Tho

energence of MP shows very clearly that the evolution fouched upon
there has a prior basis in hunman actions, viz. opoerations and loco—

notions. Once such a view is taken the so-called science-technique
relation boils'down to the evolution of tools outside the activity
in LP. As 2lready mentioned what lies behind the tool, which is a

product, is the activity in LP and the knowledge, 2nd to say tha® the

product has evolved outside the action in LP is to say that the know-

ledge lying behind it is not practical knowledze bul scientific knov-

Todge. To be mo¥e exact the activity~tool circle, i.c. cvelutions

of the tool in tho cctivity cod cvolution of the activity as evolution

of the tool, discusscd earlier is cut.:Mith this the prior basis

of the

i, . -

tool is no nmore the human bodily limbs in zction but knowledie

of nature - ~and our foeug ncols to be direeted Yo this aroo. So

much for the logical_accqyﬁm.

Wow, Lé%t us begin with seientific knowlrlge. As claborated

Sin the strueture of Labour Procoss the "sun®' of objects outside nnn,

i.e. nature forms the moterial conditions of 1life. 3ince these '2bjer

arc essantial for the susticnance of life, man necds %o vicw noture

through thesce naterial conditions of 1life. Thus Tron the dawn of

human -evolution mexn Begins to observe and speculate on the natire of
objects outside:hin such a8 Sin, Moon, Stars, ~ir and woter in

different processes. In o senss, these mark the beoinnings of

scicntific knowledge., In thg coursce of such speculations mm conos

to identify definite forcces of nature: The flowing waotors, the Llowving

winds and the moving .animals are soms of the forces ilentified.
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These were the first forces of naturc o omerge as mnotive-feorces

in locomotion. To move man and objects needed by hir wator and wind
were used from the wvery carly timés by o variety of crofts and arils
Animals which in the beginming were killed for the neat were bLect

alive and used ag carriers of burdens. These wmaric the beginnings

of the cnergence of forces of noture as motive-forces.

The forces of noture nentioned above,. viz. aninzls, f1%wing:
waters and blowing winds have a long history os motive forces storting
with the primitive beginnings in locomotions. The first appcuraﬁce
of forces of apimal end water as motive force in operation are-to.be
secon in the grinding of corn. Let us briefly go over the omsrgence

of these forces of nature.

3, Forces of Animal

We begin with animals. I+t is not necegssary here to 5o into
the questions of domestication. A1l that is necessary for our
purpose is to go into the tools which evolved in order to exploit
the forces of animals. Thesc tools can broadly bz placed under threc
heads: (i) Cfools' which transnit the power from the .aninals: tools
guch as yokeé and collars belong e hdfé{ (ii} 'toola' of control:
tools such as nose rings ond bits belong herc: (iid) 'tools! of
protection of the aninal: teols such as sandals and shooes belong here.
The carliest onincols oxploited for power were the oxen, In their crac
yoke and the nosc strings were adeguate. But the exploitation 2f horse
reised innwserable probleoms, TFirstly, the yoke could not be used,
It is the inadequacy of the yoke which necessitated the movenent

e

along breast-strop to the vadded c¢ollar. Similarly the inadequocy
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of the nose ring necessitated the wmovement along bits of various
types. Further the horse roised another problem., In wet areas it
hobdoves decayed quite fast and they needed proper rrotection fronm
enviromment., It is in this conitext that sandals nnd shoes became
heceSSary. These developnments led to the use of horse as a better

source of motive~force as comparéd to all other animals,

4. TForces of Wind and Water

As to the forces of wind after the initial beginning in
sails ode secd it emerging as a definite source of motive-force
only in the windmills inrthe late 12th centufy in Northern Europe.
Though efforts have been nade at tracing this devolopment through
the Tibeteon revolving prayer cylinders and Chinesc Eook—cases not
nuch success has boen achieved, But it necds to be noted that
during the Industrial Revolution wind was one of the imporiant

gources of power in Vest Europc.

The emergence of ftools for exploiting the forces of water
seems to be more widespread. The first appearance of the tool is
in the form of the horizontal Norse wheel composad of scoops moved
by 2o running stream. These Were very slow and did not generate
much power. The later vertical wheels owe their namc %o o Roman
Engineer. These wheels aTe of three types: the undcrshots whecel,
the breast wheel and the cuvershot wheesl. Till about the tenth
centur& their main use was in grinding corn. It is affer that date
that they were increasingly used to supply motive-force for the
different Machine—-Processes. In fact, from then on till latc 1gth

and early 19th century the water mills of different types spread all
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over Zurope, In fact during the IR when the stean ongine emerged
as a source of motive-force 1t had to facs compotiticon fronm wind

and wober-mills,

5. 'Link!'! Mechanisms

The cmergence of thesce forces of nature as notive-foress in
operation called forth developnents in two related areas. Firstly,
the typg of motion in wﬂiéh these forces get cxpressed nay not be tho
sane as the type of determinate motisn in the operation. This called
for the developnent of 'tools' ¢f conversion, This is on orea to which
attention was drawn earlier in the context of fire-drill in the dis-
cussion of Machine-Process., In the case of the driil there mpersod

' later

the strings and the bow....etc; in the casce of thosg{forcus 2f naturc
cranks, bit and brace, compound cronks....etc ene.zed in medieval

Burope,

Sccondly, it was nccCessary to cnsure the cortinuity and reguloritr

|

of the supply of force. Thiz was achieved through flywheols and zuch

8

other mechanical governors. So nuch regarding rminels, wind and wator

as sources of motive-force. Now let us go on to tracce the cmergorae:

of steom—engine.

6. Energence of Stean-Engine

The beginnings of Stean~Fngine can be traced beock +o thoe strecam:n
of thought around two aaterial domains: ezpansive powers of wober ~ul
vepour owing to fire, and the stmospheric pressurs. Tho bosic "objects?
for this storting point were air, water amd fire, Mony events fore

otserved around then by primitive nan ond many relsotions were inogined.

The corporenlity of air and the aotion of adr and water ware poercoivad,
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Man became aware of facts such as, (o) that if an invertod vesacl
or tube is t0 be kept immerscd ixn water much force necd be applicd:
(b) that if it is vacuons water flows upwaords. Similorly he crcae o
know 2 good deal ahbout the relation of water with firce, The violent
motion of water and the sound produced when water is boiled were

well-known.

These percepts mnd ideas seem to be at the baszc of many
products. The suction-pump seems to have existed in ancient Sgyrt
the two notions basic to it are that of vaccum end atmospheric presiu.
Later, in the Greck cra, Fero of Alexandria invented the Aeolopile,
automatic door-openers, dancing statues....etc making use of some »f
these properfties. In all these, the materials and mechanisms consist
of water and air in their relation to fire, Either stecan-pressurc
is directly utilised or vacuum is created and atmospheric pressure
is utilised.

About 2000 years after Hero's experinents with ¢tesm-pressurc
in medieval Eurcpe it comes up fer serious consideration agoin.,
Szlomon De Cans Seems to be the first to hit upon the idea of
applying stecan-pressure for pumping water. BEdward, sazcond Marquis
of Worcester toiled with the same idea, Denis Popin under the Royal
Socicty took up a more systematic study of stean ond cane up with the
"Digester”. Iz his paper on "A New Methoed of Obbtaining very grent

moving powers at small cost™ he observed:

I felt confident that machines mizht be
constructed wherein water, by means of no very intensc
heat and ot smzll cost might produce that nerfect
vacuun which had f£2ilod to be obtalned Ly nemns of
gunpowdiy, °
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But the guestion, how was the ides to be renlised in n practicable
working machine was dot solved till Savery came up with -his sunp.
Savery's pump consisted of o cylindcor wvhich was alternmatively Fillad
with stemn from mn adjoining boiler and with thc\cold wotcr Trom tho
well., The cylinder had two valves, one opening into the tank, and
the other oﬁcning_out. When the cylinder was filled with steom from
the boileT+ and suddenly coolcd by co;d water, o vacuum wns created.
The valve opens in and woter gushes into the cylinder by atmospheric
pressurc. When the cylinder was necrly full steanm wos let into the
cylinder: the valve uvpens oub because of stean-pressure and water was
forced to move up through the »ipe. In Savery's punp steam was used
to create 2 vaouun in the cylinder o8 2lso stean~pressurc was used to

force the water up from the cylinder,

Next in line was Newtonmen's separation of the engine from the
pump by introducing pistons. A plston was fitied into the suction
and force pump. Another piston was fitted into the cylinder. The
two were econnected by a beam with a counter weight on the piston rod
of the pump. Stean was forced iunto the ecylinder from velow, the
cylinder was cooled and vecuum Was created. Tho piston was forced
down by atmospheric pressures. The upword motion was due to the
counter woight at tho cnd of the bean. Neowconon's engine worksd
entirely by thc pressure of altmosvhere; sican being used only ~s the

nost officient method of producing vacuun,

Janes Watt combined the ideas of 3Savery -nd Neweomen. 3y

[&]

using the piston he separated the engine fronm the punp. Also e wa

i

very particular about the scporste boller 2t n sufficient distance
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from the .vessel and pistog, g0 that the boilér. could boe kopt hot
through out, Secondly, he eliminated the role of atmospheric
pressure in the' engine. Both the upword and the downward motion

0f the pistorn was facilitated by steamepressure. Thirdly, by intro-
duecing the sun and planet wheels the fto-and-frco motion of the piston
was converted into rotary motion, The third in particular converted

the steam~engine into a general purpose prine-nover,

We may contrast the cmergence of the Stean-Engine with thet
of the emergence of Hachine-Process. Energence of IIP was viewed o8
a certain culmination of the tools-—in-action whoreas the svolution
of the steam—Engine is viegwed basicelly ocutside the action demain.
Emergence of steam engine is the story of the knowledge andruse of
atmospheric pressure and steam pressure in very mony vways, The mattez‘
for contemplation for the inventors were mobtions such 3 atmospheric
pressure and the numerous properties of stean pressure which are
clearly knowledge of the 'outside' and not of the.matorial objects in
acfion. Thig is the basic distinction betwesn the evolution of

Hachine-Frocess and Stean-Engine.

The above account of the emergence of forces of naturce is only
5 partial account as it counfines itself o the eovolution of notions
regarding 'events' in nature and the concepbion of rroducts which
cen be used in definite LPs as tools. The actual or concrote emersoncd
of the prcductg, i.e. the realisation of the ides in o precticable
object is very much conditiomned by the 'toola’ existins 25 of that
time a connected account of the evolution 2f wihich wos not gone into

here. The above account was Lasically concerncd with ths xrole of
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‘seience in the cconception of products, As the reaiisation, i.e.
the movement from ideas to products, is conditiomed by the state
of the 'tools' in action, so also the. movemont fron nroducts to
thelr use o8 fools is conditioned by the socio-econonic baockground.

This agaln is left open.

With this the discussion of evelution of techniques to Xhe
IR is -complete. Both the processes, viz. the process “heyond' and
the protess 'behind' the tools, are gone into, ¥ The svabhllod zcicnco-

technique relation has sufficiently been clarified.
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Part V: Views on Industrial Revolution

What has been attempted in the last four parts of this papeor
is o certain vipw df the ewlution of Hocial chhﬂoiogy to the IR
from the angle of LP as developed in The Structure of Labour-Process.
Having conpleted that task in this part we attennt a brief review of

some of the views of two dominant schools of thought on IR, Them is
no claim to & comprehensive coverage of cach of these schools.

1. Science-based Technology View

One of the schools of thought sevs tho steam~.ngine as the very

cssence of"IR and its concommitant Modern Industry”. In a nutshell,
the running theme is that the steam-engine is the “very central case"
of a general science based technology. The lines along which the

science~technology link is established is given below.

Tho revival of science in the fifteenth ond sixteenth centuries
was established on o firm basis by the works 2f Galileo and Flening

Stevinus., Theoretical knowledge was further advonced by the contri-

butions of Newton, Hooke, Boyle, Guzricke Black, Denis Pin, Savery
ard many others. It is thelir work which made available knowledge
of the physical vorld and deeper sccrets of nature. These discoverics

pointed cut mony new sources of power and possible ways of cxploiting

these sources. Thus by about late seventeenth century rudimentary

knowledge of heat and pressure were node aveilable which are at the

very base of steam-—engine, The noteworthy names in this =pecific

context are those of Denis Papin and Savery,

The discovery of new sources of power and fthe principles around

it were only the starting points. It took almost one hundred years



to come up with o workable steam-congine, Technical difficulties
canme in the way. It is here that the other aspect of sclience conmes

to the fore. The progress of scicnce depended on gecurato observo~

tions. The awareness that uwnaided human scnses arc inadeguate

to explore the deeper secrets of nature led to the invention of many
scientific instruments. The fusion of scarce technical skills necessi-
tated for fthe making offhcso instruments removed many techrical hin-
drances that stood in the way of the emergence of steam-engine. The
inportant name to be mentionced in this specific context is. that of
Janes Watt, *Mathemgtical Instrument Maker' o Glasgow University.
Also, the smergence of new power sources prought with them incrsased

level of accuracy paving the way for advences in scisnce and technology.
The gist of the argument is hrought out very sharply.in Hicks:

The impact of zcience, stimulating the techni-
cians, develcpihg now sources of puwer, using power
to crente more than human accuracy, relucinz the cost
of machines until they were ovellable for a nultitude
of purposes; this surely is fthe essentisl novelty, the
essential revolubion,.....(p.148, Bcenonic History).

It is clear that the above view identifies the IR with the
emergence of the new source of power, jiz. steom-congine. This view
of IR revolves around the developments in the forces of noture ignoring
the emergence of machine process aliogether. This has at its base
& certaoin view of production and man's doinzs current in West Burope
froim the 16th = 17th centuriess. Eventhough these days one dses not
find such systomatic discussions on production ond nan's doings tho
roots can clearly bo traced (sce appendix 2). In o nutshell the

total view bolls down to the following: Hature supplies the aatter,

i.e. Objects; man nerely moulds them, In this wmoulding what he can do
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is to move things towards one another cr awey {rom one another.

Rest is all done by nature. In moving things man apnlies muscular
strength; consequently evolution of technigues is the discovaring of
sources of power in nature snd using them as a substitute for
mnuscular strength. A4s is c¢lear from our own discussion of Labour
Process, this 1s o partial view of man's doings. Consequently the

view of evolution of technigues is also partial.
2. The Machinary-Revolution View

Fow let us take up the other dominant school of thought.

At the centre of the other school of thought is Maorz. Ee troces
the emergence of sican-engine as a derivative of the machinery

system and not as the bhasis. His interpretation of the case rests

on a larger view of production as manh-nature interaction ond technology
as man's mode of dealing with neture. This view enables him to
capture the essence of TR in machinc~factory. The essence of this

revolution is the displacement of division of labour by machinery

as the primary basis of fechnical chonges snd hence the focus of
innovations. This cocmes out sharply in:
In nanufacture, the revolution in the node

of production begins with Iabour-pover in large—

scale industry it begins with the instruments of

labour {p.391, Capital I Everyman).

In manu.factory the revolution is in +the detailed division
of labour =nd its skill->fflocscence, In machino-factory tho ravolu-
tion ie in the emergence of machinery as a

/system engulfing larger and larger domain of the nctivities of
lobour, This tronsition is made posgilble by the availability of

skilled mechanicnl workren in the nmanvfacfuring period. Theo

inmediate foundation of machino-factory, thuz, is adnu-fachory:
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But the discoveries and inventions of Viucansow,

Arkwrigsht, Wa¥t, and othors, wers only possibls becruse

these inventors found roody to hond n number of skilloed

mechanics who were placed at their disposmal, thonks to

the manufacturing period (p.404, Everynman).

Thus manufactory produced machinery. With mnachinery orgeniscl
a8 a system the ingtruments of labour strikes down the lanvourer.
The unsteady hand of the labourer comes to be replaced by a picce
of iron, The human force fails to couply with the stendards of
nachinery system, This mokes it dmperative for the forces »f nature
to takeover. The invention of steam—engine rcquireu to Lo vicweld
in this context:

4

The steam—engine itself,....., 11 not in those
days give rise to any industriasl revelution. It wes
the creation of mechanised Tools which wede o roevolu-—
tion in the form of steam-enginc neccasary (9.396,Evorymin).

Thus Marz traces the ecssence 27 IE in the odvont of nnchino--
factory., Stemm-engine encrges ag a geaeral princ-mover o erulolt

the possibilifties of large~scnle opened up by *uc primory Tact thot

is the machinery systen, it is only o derivative ncet itha baosis,

As is clear the whole enmphasis here is on the mnchinz-proc oo
and stemm~engine of other forces of nature are scen (nercly) ns -
deriveative of fthe machinery system. Ls developed in fur Tisene s
of MP it is clear that machine-progess nrovides the Linsis Thr UL
'use' of forces of nature ds motive-forces in opvwation, Dut f- s
in itself does not exploin the processcs Hehinl T wneroon.o oF

these forces of nature in the first instoncsz. nd thi= is win~i i

th

lacking in Marx's discussion of the subject.
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In the light of thete two dominant viewpoints let us
look at our @Wn approach The view fron the angle o9f LP has

f&01lltated our 1oent1fy1nr certain unltles and subunits, Conse-

-l

quently our view of IR is also in ferms of these unities, the
partlcular unlty belng that of operatlve—mechhnlsm and. motlve-
force, Thls v1ew, in a Sense, accommodates both the above

viewpoinrs of IR and provides a certaln'structure'.
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Appendix to Fort IIT

The Works and Wxitings of salileo dalilei from the
standpoint of the Study of Social Trchuology

1T« Background

The context of our interest in the works of valileo iz =»
6lear understanding of sociol technology. Social Technology in
its essence iz vwhat fets exsnressed in concrete lobi r-rocesces,
Now any underatanding of social technolozy is incomnlets uitihout
some attemnt at coming to grigs with the pachinery ~uestion. This
igs also basic to a clear understanding of such processes related +4o
social technology as training, skill-formafion, substitution and eli-
mination of particular aspects of labour-processes. It is essentionlly
frez this standpoint thatl we view Galileo's works and wrifings. Our
exposition of the basic concepts draw their strength ond vitslity from
Galileo's concolusions, direct and indirsct, in our own field of
interest (social technology). HBowever an appreciation of these com-
clusions necessitates some familiarity with Galileo's works in the
field of other sciences 28 well., In the following pages We Hronoze
to bring into sharp focus his worls which are relevant [or o clsar
underst -nding of =mocial teclnrnlogy on the basis of an overall con-
zeptualisgtion of his goneral works, '

Let ua now give . Drief summary of Galileo's consribution.
The subject matter of Tolilio'e cownterplations exwtended from cae Sua,
HMoon, and the planetary boti:s on the one hand to light, hent, sound,
air, weter ond solid bodies on the otheor. He lind wvery definite ideans
on all ihese motbers, besu,. Ldp Doajor works were in Agironomy ond the

zeience of Mechanics.

Galileo conducted srreriments to adcertsin the fruth :bout
all these matters, Then Filteri's ook cn mosnetlism cyren~red, he
conducted experiments to abccrtqln the truth of Cilberts assertion=.
fie was aware of #hie fact thot sound twnvselis more =lovly than light.
To test the propagation of light he’ condunted an zyyovimert with {wo
2xperimenters, cach with a lantern strnding opposite %o ~nch other
2t o distonce of o Tew miles, admitting ~nd shutting 1i4t ond seelng
whether time is required for fthe provasation., BDBo-rausce of ihe short
distances involved Galilce could not coue to r~uy definite cunmdlusions,
These reflections on ligrt, sound, heat.....ond the lile ore sprinkled
over the length ond breadth of Lis major worlie on Sstronony ond
itechanics,

2. Astronony

nged bie

It is commonly said that the new star of 1604
course of Galileo's. life, The importance of this zta Lud at liesu
in the fnet that probably Lefore 1504 (Gzlileo's position wis not
very different from the tlen current Aristotelinis. In fact, for
saeveral years he teu it the Ptolemadc system in the University.
Aristotelians made o clear disvinction bvtwe en celestisl ond
terrestrial bodies, They maintnined thnt Barih is immovable.




In accordance with these doctrines comets and novee were thought
to. e of sublunary choracter. About comets Golileo ¢id not have
mnuch of a doubt; but with the appearavnce of the new star in 1604
he thought that there is sufficient reason to disrgree with the
Aristotelians, He waited for an opportune moment bo expound his
convictions. The telescope which he made in 1609 came in handy for
this purpose. He went on accumulating "irrefutable :ad tangibdle
proof®.

With the backing of these observations he come up to attack
the Aristotelians and Piclemy and to uphold the Copernican systen,
His first efforts were directed ot destroying the celestiol - terrcstr
distinction maintained by the Aristotelians and the theologians.
Once this distinction was done away with, “"all things were equally
physicel, and all equally divine". The moment nll these hodies were
brought to the same level he could anply the lows of mechanics dis-
covered by him to these very celestial bodies,

Thus the structure of the Galilean theory of celesticl bodies
has laws of mechanics at its base, the rest contoining really of the
application of these laws to the elements conc¢erned, This logicnl
structure of the theory was obviously not compratible with fevicr's
laws, and this is probably what made him iznore the latter. In the
light of his own observetions and the logical structurce of hiz theory,
he could draw very definite conclusions from a2 comparison of two sysien
the Copernican and that of ptolemy.

5. Mechanics

Galileots greatest contributicn to the scicnce of mechanicw
lies in bringing about a reconciliation between the two traditioas,
the Archimedean and the Aristolelian., Hie prodecessors in the
Archimedean tradition, viz Guido, Stevin and otherz, rejscted
the dynamic approsch altogether, They hed imaginery logical obstaclos
to the unification of statics and dynamics. On the other hand
Aristotle tock motion to be the principle of naturc snd was concornoed
with the relations of movers and things moved. Galileo agreed with
Aristotle on this point, He swept the static anproach aside vhen
he wrote:

"ind since to make the welght B descend any
minimal heaviness added to it is sufficient we shall
leave out of account this insensible gumntifty and
shall not distinguish between the power of ono weight
to sustain another and its power to move 1t"

(p.152, On Hechanics)

Thus what secmed to his predecessors in the lLrchinedesn
tradition an imaginary logical obstacle became for Galileos a unifying
link between stantics and dynamics,

To get an idea about his contributions we should see whnt
nis "Two New Sciences" are: The impoertonce of this work could Le
grasped by the following pessaze ¢ be found in the bLook, "A History
of the Theory of Elasticity And of the Strength of Hateriala™ by
K.Fcarson and T. Todhuntex:



M eser.. Thizs dialogue both from its contents
and form is of greot historieal interest, It not only
gave the iImrulse but determined tne direction of all
the inguiries concerning +the rupture and strength of
beams, with which the puysicists and mathemeticiaons,
for the next century principally busied themselves.....'.

The first of the sciences deals with the size, structure,
and strength br resistance of matter. Golilec puts the queostion
very succintly in the opening pages of iids "Two New Sciences':

Mereeees 81111 the mere fact that it is matter
makes the larger machine, built of the same material
and in the same proportion as the smaller, correspond
with cxactness to the smaller in every respoct except
that it will not be so strong or so resistant as against
violent treatment, the larger the machine, the greanter
its weaokness",

What he does in the next. few pages is:

"demcnstrate by geometry that the larsger
machine is not proportionately stronger thon the
smallers.... For every nachine znd structure, whether
artificisl or natural, there is =2 neceszary limit
beyond which néither art nor nature can pass; it is
here understood, of course, that the matorinl is the
seme ond the proportion prescrved’. (p.3, Two Hew
Sciences) .

“Prom what has ~lready been demonstrated, you
can pleinly see the impossibility of increonsing the
size of structurcs to vast dimensions eithzr in art
or in noture, likewise the impossihility of building
ships, 'palaces, or ftemples of cnormous size in such
a way that their oars, yards, beams, iron-holts, and
in short, all their other parts will hold together;
nor can nature, produce trees of extra~ordinary size,
because the branches would break down under their own
weight......'" (p.130, Two New Scicnces).

From the above two passages we get =n ideca about Golileo's
treatment of the siZe—structure—strength reistion in vobttzre 1w all -
its complexity. EHe showed that with any given structure the strength
or resistence of the material decrcases with incrensing size.

It will be noted that in the demonstroticn given, comparcbility

requires. the structure to be held fixed and size to be veried, Thus

for analytical purposes it is often necessary to hold structure consbont
While varying size., There are, however, clearly defined limitvs to ti:is
analytical device, i.e., size may be raised holding siructure filed

only within more or less well defined bounds, The important point
-nere is that there doss net e.ist any general alsze-structure inveoriance.
Whot the linits are depends upon the porticular matter considered,

and it is c¢learly possible that in many cases the limits nay collapse
into a single size structurec unity.
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Aniother aignificant point that emerges in Grlileo's
mechanics is the urndfication of natural and artificizl mntter.
Again Golilco was very cleocr about the purpose of such 2 study.
The purpose of his demonstrating the laws of aature was to clear up
very many falsec notions currently held by artisans and students
of nechmics. Galileo expected these demonstrations to be of very
definite help in the construction of machines. In one of his lettera
he wrote;

And just recently I, have coupleted the discovery
of all the conclusions, with proofs, pertaoining to
the strengths and resistances of wooden beams of
various lengths, sizes and sheapesj......a sicnece most
necessary in the construction of nachines ond of all
sorts of buildingS,eesaad’ (February 1609, to fntonio de!
Medici quoted in On Mechmmics', p.136).

The other scieunce in the "Two New Sciences” deals
exclusively with motion., Galileo called it an entirely 'new
science', in which he demonstroted the remarkable laws which exist
in both "natural" and "vielent" movement. Here Galileo discussed
the propertics of uniform motion, of motion naturally accelerated
alonz planes of all inclinctions, and of o motion which is compounded
of o uniform and horizontal rwotion, another which is wvertical and
naturally zccelerated. Here he advanced much farther than the
static weight consideration to the goneral force consideration,
though some sagy he failed fto get over the arimistic intonotions
of this "force" concept.

4. Mechanical ingtrumentz™

In Galileo's sgtudy of mechanical instruments, he treated
the nature of the lever, the wheel, the pulley, ond the screw.
We shall only be concerned with the “mechanisn' part of these instru-
ments mnd not the general nature as such. The whole argument under
this head is built around lever.

(i) Lever: In the study of the lever Galileo's first endeavour
seems to be Lo clear up the false notions thnat were in vogue at thot
time. He says:

I% should he noted that the uhility which is
drawn from this imstrument is not that of which common
mechanics persuade themsalves; that is that noture cones
to be overpowercd amd in a sense cheaoted, some very groat
resistonce being conguered, with a small forece by the
intervention of the lever™,

Galileo clearly demounstrated the impessibility of such on
agsertion. He showed thoet in moving a grent resiszicnce o snall
distance, a small force lLine to cover a great distance. The advantage
acquired from the lover waos nothing but the ability $o move all at
once that great resistance which ¢ould have beon conducted only in
pieces by the same force, during the swe Hine, wd an cqual notion
without the benefit of the lever,

* 411 references are to O0n Uation mmd On Mechonics.



(ii) Wheel: Coming to the mechanics of the whecl he took
two exmmples, the windlasg snd the cgp3ton which he considered
as belpnging to the broad class of whesls, His first demorstra~
tion wes:

"the two instrumerits.....depend directly upon
the lever, and indeed are nothing but o perpetual
lever"

After this unification, he went on $o bring out the rols of
force very clearly:

"Phus when the force is exerted on the wheel
by o heavy mnd inanimate body which has no uther
impetus than fo go downward, it is nocessary for
this to be suspended by the line tangent to the
wheel and not cutting it. But if on .the same
circunference the force were to be cxerted by an
animate force which hod noment to mcke impotus
in all ddrections then the effect might be made at
any point on the circunferonce.c...'.

He slso concluded thet the s ame might also be done with an
inanimnte force, provided a way were found to have i1ts momont give
an impetus along the tengent at some point on the circumfercnce.
His talk sghout animate and dloanimate forées the henvy weights and
the flow of rivers on. the inmninate side ond the aninsl and human
force on the animate side -~ rcflegts his awarcness of the gommon
slement, vizi force, and of the basic structure of its seurcs,
viz, enimate-inaninate.

(11i) - Pulley: - Coming %o the pulley, Galileo claincd thnt its
basis and principle could again be reduced to th-t of the lever.
For this purpose, he theorised about another ethod of waing the
lever viz., the lever with the support placed ot ong of its bxtre—
nities. Here again he c¢laoined thot the advontaze drawn-from &
pulley has mothidy to do with the dininution of work. fa ﬁid not
stop here; he Droccedod further and exploained why 1t is convenient
to use a pulley in 1ifting water from o well:s

"For wWhen wo draw _nything Cowmward, the welght

of our own arms a1a~0iier menibers aoids us, wherc o8
when we nust draw a Sale welght upwerds by necmc only
of the vigour of osur wemliers nhd - wuseles or, tu w2 the
common expression, "Dy elbow ryrease”, VE sust,raisc in
addition to the éxternal weight the weight of our own
arms, which reguires ndre worke....t.

He further concluded thnt Ly properly arranging the wulloys
the force could.be increased to any desired degree.




(iv) Hammer: In the end Galilco discusses tlc peculiar
phenomenon which we so often observe in day te day affciras. The
guestion posed was this:

To fix a noil on very hnrdwood, just to keup
a heavy hammer on it does not suffice: but » s::11
wotion of the hammer and a hard hit suffices; why?

This again is explained by the principle of the lever.
He turned the_argument of the lever around:

"There will bLe the marvel if that power which
would move o snall resistance through 2o large intor-
val should drive one hundred times greater through
one hundrcdth of the said intervel? Ho wonder,
certainly; and for things to be otherwise would be
not only absurd, but impossible".

Thus at every turn, he c~ie heavily on thc falze notbions of the
nechanicians and artisans and expounded the laws of noture.

(v) Concluding renariks: Galileo's nchicwvement in his study
of mechanical instruments 1g in showing that the lever is »t tho very
base of all other instruments ond that their node of working onn be
explained by the singlce principle of the lever, He puts it vory
gimply that in every instrument considered by him viz. the wheel,
the pulley and the scrow, the lever is used in o "difforont” way.
The other point is that he succeeded in showing thot with the use
of mechanical instruments thereby is no diminution of work.

Jgring to the specific ndvontage derived Trom mechonic

instruments, wo find two points ¢ The first advant-go discuasad

by Galileo was that derived in movihg = great weight all at oncs

by neans of a given force, This did not nean o dimuwnition of woul,
as already discussed.. The second adventrge derived fron mechanicrl
instrunents wes the facility of wsing some particulor iunstrmnents ~ar
Purposes, For e.g. where the bucket could not "keep the hold dry
= of even o snall quantity of water”, the pump could,

particul

5. Force, and Cost (A roview of Galileo's contribution fron thoe
stendpoint of labour-process)

Galileo clenrly distinguished between novers. The flow of
the river, he called inanimate force as against the animnte furce
supplied by animals ond humen beings. His greatness lies in tha
recognition of something common in 21l thesc - the abstract cunceplion
of force. He called it motive-force, because it nmoved mcocchanical
instruments. With the warensss of these movers in n-ture, thore
arose the necessity of finding a criterion on the besis of which one
could choose the one or the other. Galileo was agonin elear obout
this aspect of the problen;
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'ersseethe fall of o river costs 1little or
nothing, while the maintenrmceo oif o horse or similor
animal whose power coxcecds that f cisht or more nen
is far less cxpensive than it would he to sustaln and
naintain so many men'.

I+ is obvious that the social forces which arc at the back of
naking the ehoice necd such a criterion wd it is supplied by the
oxpense of maintaining such = motive forece,

In sum, an expeositlon of Gaolileo's writings renging fron
theoretical aspects of Astrenony ond Hechonics o the cconorlc
criterion of cost in choosing forces of naobure as motive-force
are highly relevant for an understending of Socisl Tochnology.
Bspecially two key areas touched unon by Golileo arce dirccidy
related to our own discussion of the cvelution of Technolsruy.

His discussion of the size-structure-strensgth in matber is relaoten
to ouil discussion of the 'materinl base' of tools (Part I1 abave) .
Secondly, his discussion of the mechanical instrucents is highly
relevant for our discussion of the evolution of tosls of loconotizn.
OQur discussion draws much of its Tlesh and blond from Golileo's

exp ositions., In a sense, Gelileo!s discussion cavers the

aren of tools of locomotion with forcses of man as the source of
riotive-force and opens out into the arca of forces of nature.
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sppendixz to Part V

- A Mechani8tic View of Production & Technologyr

The different views on technology, to be specific history
of technolegy may broadly be arranged under two heads., The views
falling under the first head make = clear distinction between a
material plane and a human action plane and then view the history
of technology as a higtory of substitution of 'powers' of nature
for 'powers'! of man/ These views we shall ceall structural.
Under the second head no such distinction is attempted. History
of technology is simply wiewed as a history of the conquest of
materials ’ Our objective here is to attempt a brief overview
of one of the streams of thought fzlling under the structural head.

The current expression of, the stream 5f thought which
forms our subject matter, may be seen in their interpretation of
Industrial Rewvolution. This interpretation is the contemporary
counter-position to the Marzist position and its clearest expression
mey be seen in Hicks:

The impact of science, stimulating the technicians,
developing nevw sources of power, using power to

create more than human accuracy, reducing the cost

of machines until they were availadle for a multi-

tude of purposes; this surely is_ the essential novelty,
the essential revolulion......

S0 much regaprding the current position, what we propose to attenpt

here is to go back, tracing this view through history. This strean

of thought on technology has at its basce a certaln view of production
and man's participation in production., Thus our overview attempts

a connected acecount of their views on production gnd man's participation

1. (a} "It is fair to say, hosever, that except for a considerable
number of isolated examples, the industrial revolution upto
the present has displaced man nd the beast a5 a source of
power, without making any great impression on other human
functions' - Norbert Weinar,

(b) "The object of improved machinerv is %o diminish manual labour,
to provide for the performance of 2 process or the completion
of a link In a manufacture by the aid of an iron instead of the
human apparatus' - Marx.

(c) teecee. Hhen the time came at which the labour and sufferings
of slaves were thought worth econorising, the greater part of
this bodily exertion was rendered unnecessary, by contriving
that the uvpper stone be made to revolve upon the lower, not
by human strength, bui by the force of wind or falling water -
J.5, i1,

2. e history of technology and engineerirng is, in +the firs

place, the stoxy of the conquest of materials - R.J.Forbes,
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as well., A word of clarification is needed vefore teking up the
task., The standpoint from which the overview is attempted is that
of economic theory and as such mainly economists are chosen.

Naturally the question arises as to how far back do we go in
tracing this stream of thought. The answer simply is- that we go back
upto Frencis Bacon for we find & convenient starting point in him,
Bacon had dealt in detall with production, man's participation in
production and the role of sclence in the evolution of technology
etc, This, in a sense, defines the 'arec' we have to cover, viz.
that lying between Francis Bacon and the present day writers. Let
us begin with Francis Bacon,

Francis Bacon believed that man held a central position in the
universe and all the things are at wman's service. The only way nan
can survive is by using nature for his own ends. This moulding of
nature for human use is what he called production, to be egxact the
produc tion of things artificial. But things artificial, according
to him, are no different from things natural in form or gssence.
They differ from natural "only in their efficient: for man has ne
pover over nature in anything but motion, whereby he either puts
bodies together, or separates them" /4/. The human participation in
produc tion is thus reduced to motion, to be exact locomotion. 3o
much regarding Bacon's view on man's pardicipstion in produciion.

Now let us take up the role of science in the progress of
arts as dealt by Bacon. Bacon, while commenting on the progress of
arts and science of his age observed that they were mainly derived
from the Greeks. The Roman and irabic epochs, according to him, were
not conducive for discovering and deriving experimenis; they took to
the inverse method of discovering experiments first and then building
philosophical systems upon them. The right method sccording o him
Wwas to discover and derive cxperiments from philosophy and the knowledge
of canses, This clarifies his view of the role of science in the
progress of arts: the arts necd to be based on science.

Having touched upon o general writer like Bacon let us take up
cconomists who have writien on production, man's participation, science
and technology, Let us begin with James Mill amd then pass on to
J.5.Mill, Jevons and Marshall.

James Mill conceived production 28 o unity of processes in
nature and man's action. The human pariicipation is reduced to thot
of producing motions: "All that man can do is to ploce the objects
of nature in a certain pezition". Nature doeg the rest. The eazence
of man's participation is sought in Lis capacity to nove things.

This aspect is further clarified in the Ffollowing:

He (man) moves ignited iron to a portion of gunpowder,
and an explosion takes place. He moves the sceud 1o the
ground and vegetation commences (emph. mine) 157
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This, as we can ses, is nothing but Bacon in its essentials.
Now let us go on to Jevons.,

Jevons again follows Bacon to a large extent. He reduces
all chenge in nature to moticn. Once a1l chrange in natvre is
reduced to motion all that labour can dc is to meve bodies., THere
he guotes Bacon approwingly:

As Francis Bacon so well said "Man can himself
do nothing else than move natural bocies to and
from each other: nature working within accomplishes

the rest",.

Thus the human participation in production is reduced to Jjust the
directing of niscular energy of his bedy. Men could do nothinz but
"pull, push, 1lif%, press, carry, or otherwise mechanically force
things into new forms or new places.”

Once the human physical labour is reduced Lo that of a 2ere
beast of burdenm VYhat science can do is zlso limited. Scisnce,
"mgkes muscular emergy the key to the vast stores of naterial ensu:
existing in the things around us”, The role of scieice is in eas
man to enlist the powers of nature. Wit this fteciinological advances
are based upon scientific developments,

Before passing on to J.5.M11l let us mention one other nare,
viz, Marshall, He fully agrees with Jevons on the human participation
in production as well as the role of science.in the development cf

technology.

J,5,Mi11 is no different from the others in this tradition.
J.5.M111 like his father does not say nuch or the nature o1 chantos
in Nature. According to hir the requisites of production are lakiix
and natural objects, Nature supplies mattor and active ecnergiuvs.
Man has "no cther means of acting on matter than by woving it".
The muscles of man are constructed for it. They could introdunc
notion or prevent it. The powers of nature or properbies of 1 =
do all the work, Man can only move "one thing to or fronm anoth::
He moves a seed into the ground:

and the natural forces of vegetation produce in

succession g root, a stem, leaves, flowers nnd fruiie.

He moves an axe through a tree, and it Tall: "y the

natural forces of gravitation., /7/

I

Thus labour in the physical world is 'solely coploved in wntiing
objects in motion”. The skill and ingenuity of hurea being oo
chiefly exercised in digcovering movements which _re practicable
by their powers of bringing about effects in matter.

In Mill's view the savant or the speculative thiaker is also
a part of production, MHany inventions of practicnl aris are "ilies
direct consequences of theoretic discoveries", Every citension cf
knowledge of the powers of nature bring about fruitful spplications
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for the bemefit of mankind. With marn's comrand over these

powers they could be used as - a.substitute Tor lsbour., 48 alrepdy
mentioned physical labour is nothing but muscular exertion and
naturally the substitubtion is on the force plane. "Forces of nature
are substituted for human.:muscular pover, [Hill gives an instance
of such a substitution:

In the early azges neople converted itheir corn into
flour by pounding it between iwo stones; they next
hit on a contrivance which gnabliad thern, by turning
a handle, to mace one of the stones revolve upon the
other......the greater part of the bodily excriion
was rendered unnécessary, by contriving that theé
upper stons be made to revolve upon the lower not by
human strength, but by the forces of the vind or
falling water, /T

In conclusion, it may be said thot what vas a geed in
Bacon lias grown into a tree in our own %ime. In Jacon wWe sge
someone propounding the virtues of directed science i.e. seiunce
as the Gasis for "deriving' arts, It was not posed as g reality by
him., In the vritings of James Mill and Jevons we sSee it posead as
reality. This is what goes by the name of scienca-Lsied technology.
Purther owing to the view that all man can do in production is to
nove things, advances in technology. are seen basicilly as development
of new sources of power substitubing human muscular. vower, It is
this unified view which ret a powerful expression in the writings of
the contemporary economists. Simon Fuznet's viaw of "modern Sscicnce
as the basis of an a#vancing technology™. and Hicka' view of "the
inpact of science, stimulating technicians, develowing new sources
of power. .... this surely is the cssential novelty, the essential
revolution" and such views by others have their roots in the writings
of Bacon, 1ill and Jevons.
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