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EVOLUTION OP SOCIAL TECHNOLOGY 

TO Trn 

I?NDLETKCILL REViILUTIOEJ 

Abstract  

OW objec t  i s  t o  atteclpt ,c r igorsus  z p p l i c n t i s n  crf t k z  

conceptual  fr i ine of Labour Process  t o  t h e  s tudy  o f  2vo lu t inc  of 

S o c i a l  Technology. - The aron covzred i s  from t h e  ds.1~11 o f  h w z n  

evo lu t ion  t o  t h e  I n d u s t r i a l  Rcvolut ionr  Sox0 3f t hc  r.c?jor issv.i.s 

such  2s t h e  energcnce of Nachinc-lrocess, tho  cnerrGnce of F3r13cs 

o f  Nature a r e  t&on up f o r  discussion.  L a t e r  2 b r i e f  review of 

sonc of t he  view po in t s  on I n d u s t r i a l  Revolution i s  c t t e z i ~ t e d  pad 

t h e  enorgent s t r u c t u r e  is touched upon. 

T z r t  of the  n z t e r i n l  presented he re  i s  t & e n  f ron  the i>apcr,  
"Towards n Concoptual F r , m e o f  Labour I r o c e s s ,  'nd of S3eia1 II1echii~- 
13gy and I t s  3vo lu t ion  on t h c t  Basis" prepcred f o r  c !:fork:sho~ on 
"Ec;ndfiic Theory" organised by the  I n d i a n  S t i l t i s  t i c . 1  I n s t i t u t e ,  
Ca lcu t t a ,  l i ~ ~ s  t 18-20, 1 979. 

I n  ;~ rc ;~z r ing  this ;>al]er I havo d r h  heav i ly  u?or? the rlis- 
c u s s i o l s I  ha(! wi th  l r o f c s s o r  S n n j i t  Bose ovcr c long  ~>c:riod -of tiac. 
I .  orie a speci?l  dc5t s f  g r a t i t u d e  t o  h in .  



EVOLUTION OF SOCIAL TECHiKlLOGY TI) TEE IN3USTI'IW; ? ~ W O L U ' i l i I ) I ~  

P a r t  I :  Intror iuct ion and Ou t l ine  

In t roduc t ion  

1 
I n  an e a r l i e r  paper we attampted o t  Leveloping t h e  conce, !; 

of Labour Process (LP) from where Karx ;l&d l e f t  it. 3,~ci l  an tt::i.::-f 

i t  was mentioned, was only a  f b s t  s t e ?  o r  tire 'foui2Cati:in' .;n. t l ~ c  

development o f  a  whole s u b j e c t  of s t udy  t e m e d  " soc in l  production 

a t  t h e  n a t e r i a l  l eve l " .  Our concern i n  t h i s  psp,>r  i.r L.) E ~ c ~ c J G  ti.". , . L C  

s u b j e c t  c? s tudy  on t h e  foundation of LP. I n  oYizr wo?!;.;, .11:.:* :o:?.- 

c e r n  he re  i s  a t  s tudying t h e  avolut ion of Soc ia l  'I'ecil:ol.ofl ffroli _t:l>: 

viersrpoint of LP. As conceived above the  su3 jec t  sf s tudy i s  i .  -;.st 

a rea  i n  l l i c h  we nay n o t  be able  t g  focus  on,more -Lha-i e f z ~ r  .ui::suzr;. 

L e t  u3 carve out these  i s s u e s  snd s e t  c l e a r  l i n i t s  f o r  stucij. 

We begin: w i t h  t h e  endpoint. 1nrlv.stria.i Cevoii~tio:: ( I R ~  is 

a d e f i n i t e  endpoint f o r .  our  study. I; es >iei:ud-fron E..e .=glc of 

LP i s  t h e  s u b s t i t u t i o n  of opera t ion ,  i . e .  the  unL-ty of opera t ive  

mechanism ,%I& motive-force, rooted i n  t he  human body u n i t ,  .L>ritl~ th.e 

u:lity of ab j ec t ive  niechanism 3nc? fo rces  of nature.  The c .~lni-a t i :>n 

of t h i s  s n b s t i t u t i o n  a2.y be seen  i n  t h e  cnergcnce of t h e  un i ty  of 

Hachiue Process  (XP) m-d F t e a  Engine (SE) . ' I t  i s  t h i s  un i ty  -,~hir!~ 

de f ines  the  endpoint of 0 . u  s tudy i n  t h i s  pa?&. 

1Ia7l'ixg nxrked M e  endpoint tile i s s u e s  nay p m a e r l y  be carved 

out .  A s  i s  c i c a r  ou.tk f i rs t  tnok siould be the  xcieriing of IR l r on  thc 

angl;: of ZT. O~icc -e:at i s  donu 're can :,o i n t o  tnc t r a c i n g  of 

emor,yencc of t h c  ;ui i ty  of !;I? and 3. This iclLlisciietely rei .+es .the 

q u e s t i s n  of the s t a r t i n g  po in t  i t s o l f .  lis to  toe s t n r t i n , ~  -ioint, 



i t  obviously bas t o  be t h e  dm11 of human evolution,  Thus, i n  a  

sense ,  ou r  study here  i s  a  continu5.tion of what w s  have opened 11. 

i n  t h e  l a s t  sec t io r .  of t h e  e a r l i e r  paper. 'There i n  a t t e ~ i p t i n g  t o  
. . 

' r o o t '  t h e  u n i t i e s  of LF i n  t he  phys io logica l  body u n i t  we had, i n  

f a c t ,  gone i n t o  primate evolution. This c l e a r l y  i s  the s t a r t i n g  

po in t  of our s tudy  . i n  this pa r t .  

A s  de l iena ted  above tho  i s s u e s  a r e  bounded by IR. o:l thc 

one end and human evolu t ion  on the  o ther .  The study needs to  begili 

w i t h  a  view o f  I R  where t h e  emergence of t h e  u n i t  of MP and SE i n  

a l l  i ts  e s s e n t i a l  aspec ts  is  touched upon. This o p n s  out t h e  i s s u s s  

which a r e  gone i n t o  i n  t%e subsequent discussiorl. Thc first component 

of t h e  un i ty ,  v ie .  EP, i s  taken ug i n  some d e t a i l  s t a r t i n g  f r o n  tha  

' p r i m i t i v e ' t o o l s  of operation.  I n  t h i s  d i s c u s s ~ o n ,  a l r e d y ,  i s s u e s  

regarding energencQ of f o r c e s  of n.l&re as motive fo rce  a r e  touched. 

upon which are taken up on t h d r  ow2 i n  t r a c i n g  t i le cmcrgencc of SE. 

A s  i s  obvious, c o n t r o l  more s p e c i f i c a l l y ,  cvolu.tjor of t o o l s  of 

c o n t r o l  i s  t o t a l l y  l e f t  out. I n  terms of tile c o r s t i t u e n t s  of LP 

t h i s  moans our focus is on the evolu t ion  of ' t o o l s '  of o l e r a t i o n  ?ad 

locomotion t i l l ' t h e  IP.. . . 

Having carved out t h e  i s s u e s  i n  t h e  broad ,zrrea of s tudy  l c t  

u s  touch upon our  approacli. Already i n  t h e  e a r l i e r  pzger t h e  t o o l  - 
technique-LP i d e n t i z y  has  been gonu i n t o  i n  some d e t a i l .  2hero i t  

was s h o u ~  t h a t  the s tudy  of evolu t ion  of techniques i s  tho s tudy  o-i 

evolu t ion  of t oo l s ,  f o r  t h e  only doriorete 'base '  of t cchn i .pes  are  

t h e  t oo l s .  Thus our s tudy  of evolv.tion of techniqt~es  i s  t h e  study 

of evo lu t ion  of t o o l s  o r  nore  s p e c i f i c a l l y  toolo of labour.  



I11 t h e  e a r l i e r  paper t h e  evoiu t ion  of hman body u n i t  
I 

was viewed as  t h e  'making' of t h e  body u n i t  and i t s  'us ing '  i n  

b e f i n i t e  processes.  Thus the t w o  processes  sssoc ia ted  wi th  tho t o o l s  - 
a process  'behind ' ,  i.e. naki112 and c ;process 'beyond', i . e .  usirig - 
t oge thc r  nap ou t  t he  evolu t ion  of t o o l s .  I n  t h e  e a r l i e r  paper we 

b r i e f l y  sketched the  evolu t ion  of the  corporea l  dody u n i t  whereas 

now we concern ourselves  wi th  t h e  evolu t ion  of  the oxtrncorporeal 

l i n b s  . 
Fur the r ,  t h i s  approach tokes i n t o  account t he  s o c i a l  dinen- 

.?ion of techniques. Both tho 'making' and 'us ing '  a r e  govcrncd by 

s o c i a l  t r a 6 i t i c n  a d  311 t o o l s  a r e  made and used s o c i d l v . 2  Even 

i n  t h e  c a s s ,  s ay9  of t h e  s i n p l e s t  i r o n  t o o l s  a  l a r g e  nuibcr  of 

labouremfrom t h e  n i n e r s  who dug t h e  o re  t o  t he  labourer  who gcve 

t h e  f i n a l ,  touches t o  i t  have par t ic ipAted i n  i t s  'making'. Each 

of t hose  labourers  11cve l e a r n t  from t h e i r  par~3nts ,  t c ache r s  md 

n o s t e r s  how tt oerforri h i s  p a r t  i n  i t s  ' r iaking' .  S m e  i s  tho case 

w i t h  ' u s ing ' .  1Ve do n o t  havo to  d i scover  how t o  'use '  2 screw-driver 

o r  a  braca. I t  is taught  by our pa ren t s ,  scliool fe l lo i r s  o r  t he  

one who s o l d  i t  t o  us.  Thus wlxnt we s tudy :??re i s  z!le svolu t ion  of 

s o c i a l  Technology. 

0 u t  l i n e  

$ h i s  paper c o n s i s t s  of fou r  pa r t s .  I n  p c r t  I1 an a t t e n p t  

i s  made a t  viewing I R  f r o n  ' h e  angle of LP. This ol;r'ns out  ti~ro 

n a j o r  a r e a s  o.f study: Enargcnce of I!? znd Znergcnco of Forces of 

Nature which a r e  taken up f o r  d i s c - u s i o n  i n  1szrt I11 ~11d ITJ r e spc i t i x~e ly .  

T a r t  ' J  s t t e n p t s  t o  give a  b r i e f  slretch of s a c s  of t h e  dominant views 



on IR and exposes the onesidedness of these *ews i n  the  l i g h t  

of our discussion. Important areas such as changes i n  t he  'content 
. 

of labour' consequent upon technical change and the n o t e r i a l  domain 

opened out fo r  man-nature interaction o d n g  t o  changes i n  techniques 

a r c  touched upen i n  P u t  I1 but are not pmsued l a t e r  on. 



P a r t  I1 : I n d u s t r i ~ J  Revolution 

1. In t roduc t ion  

A s  i s  well-known I n d u s t r i a l  Revolution ( I R )  i s  a  h i s t o r i c a l  

epoch i n  t h e  evolu t ion  of Western Society .  As i t - i s  s h i s t o r i c d l  

epoch i n  the  evolu t ion  of a  s o c i e t y  i t  niy be vie*rod f r o a  d i f fe ren t  

angles.  We nay c i t e  t he  f i rs t  g r e a t  w r i t e r s  on I R :  lirnold Tgynbcc, 

who, it is popular ly  bel ieved coined t h e  term IR, t?.ou&t t i n t  tiis 

essence  of IR, "is t h e  ; subs t i tu t ion  of cornpotition f o r  thc  ac?dicvcl 

regula t ion  which had c o n t r o l l e d  the  production and S::-l;ribu.tion sf 

woalth"" . Long beforc  Toynbee Marx who had tn'rcn up a  ays t cna t i c  

d e s c r i p t i o n  of what he c a l l e d  ' d i e  i n d u s t r i e l l e  Ilevolution' zou::ht 

i t s  essence i n  .the "nachinery revolut ion".  One of tho distj.n;;~uis!lo~i 

h i s t o r i a n s  of the e a r l y  twentieth cen tury  s jught tl:a c2inr.~cterioi-ic 
- .  

f e a t u r e  of I R  i n  t he  f z c t o r y  systen. Thus i t  i s  cle..lr t h a t  v?.ri?uc. 

w r i t e r s  had viewed it f r o n  var ious  ar1glca crnd zoi~:c;h.t i t 3  es::!>ncc i:; 

va r ious  aspects.  But what w e d s  t o  be notc;d i s  thc  f a c t  t h e t  n:)r.~ 

rnisd t o  accord n pr ide  of p lace  t o  the changes talring pl?co i n  -1;!1.2 

sy s t en  of p r ~ d u c t i o n  i n  t h z t  epoch. ,This has  v,miously been c.:.llcii 

t h e  cnergence of t h e  f ac t :> ry  systen,  n o d ~ r n  indus t ry  :ad l~ . r :~?-  

s c a l e  indus t ry .  A s  mentioned a t  t h e  very  o u t s e t  3u.r concern i n  .'.ILL 

s t u d y  of s o c i a l  technology 2nd as such we confiilc :~ursclve:: t 31 .I 

developmonts i n  the technicn2  sphere  of I R  o r  tile ~iod:;ril i n d u s t r i .  

We tlo no t  propose t o  go i n  .my d e t a i l  i n t o  i k e  socio-ocononic 

development of t he  epoch. But a8 md rvhen neceSs,?qr TYC (ir,?~~ %3il 

wi th in  tile socio-econonic f a b r i c  s p e c i f i c  clev6lop-lents ps r t - in ing  

t o  s o c i a l  i n s t i t u t i o n s ,  r e l a t i ons . .  . .e tc . ,  t h e  focus 211 n lonc  ;?oins 



on t!lc s tudy  of evolu t ion  of ti?cluliqucs. 

2 .  Energonce of t h e  U n i b  of Machine-Process ,end Forces  of Bcture 

A s  oentioned above our focus i s  on the technicnl aspect  of 

I B  m d  our  viewpoint i s  tl~,-,t of LP. Now t h e  t r ? c h r i c d  a spec t  of IR 

viewed from thc angle of L? i s  simply the  emergence of the u n i t y  

of machine process (F)  and forces  of na tu re  s u b s t i t u t i n g  the  unity 
' . 

of operative-nnchanisn smcl motive-force rooted i n  t h e  h a ~ a ~ l  boilji 

u n i t .  I n  as much as t h i s  unity has t w o  corqonents i t s  energc-rlcc 

needs b- be t raced as t h e  mergence of !:P on tflc one k'md an& trle 

s u b s t i t u t i o n  of the  mative-force rooted i n  & e  h u ~ ; ~ m  r.~uscles by 

f o r c e s  of nahire.  ITOW the enerGencc of forcesof  na tu re  subnt i tu t in l :  

h m a n .  muscles needs t o  be vicvrsd i n  i t s  to t a l i t y . .  !ic hcvc see? 

e a r l i e r  thst f o r c e  on i t s  ovn i s  a t  t h e  vory h-sc of loconot ion 

whereas i n  t h e  contex t  of opera t ion  it i s  vie~red !?ith rofercncc t o  a 

of fo rces  of na tu re  s u b s t i t u t i n g  h m m  muzcles :iced:; -to go i n t o  ?;ot? 

t h e s e  s r e k .  Thus one is  l e d  t o  t h e  &iscwsi ; i i l  .>f thc  eiilerGonc.2 ci7 

MP on thc one hand and tho onorgeilcc of f ~ r c o s  of ' .r:t~rc i n  o~crt:!-is: 

and loconot ion  on t h e  otlicr. Lot us betgin I-y i1lustr t~-ki i i i :  t!~o 

cnergence of the  objcc%ve uni.ty mentionad ,-.b0~3. 

I t  goes t o  .\;he c r e d i t  o f  Willicm Lee w?zo invon-tixi t h o  

k n i t t i n g  f r ' m e  i n  1598 of norking t h c  be&inr;ing of tho xiow cr2. 

L a t e r  on H n r g r e a ~ e s  invented t h c  spinning jenny, Cronpton t!-e M u l r :  

2nd Cartwright t he  loon. Thsse invent ions  rcplaccd t1-s rospectiv,? 

o p e r a t i v e  ncchanisns. However t h e  mo t ivc-forcc was rr till su:ipli~.d 

by t h c  hunm nusclcs .  The f i r s t  e f f o r t  r.t s u b s t i t u t i n g  t h e  unity 



was made by ThornL= Lombe. H i s  s i lk- throwing machine was moved 

by the  water-wheel. This  was an i n i t i a l  bi?ginning. The r e a l  

beginning a r e  t o  be seen  i n  the co t ton  indus t ry .  The invent ion  

by John ? Jya t t  and Lewis i'aul of t h e  s p i ~ l r i i l z  machine m d  t h e i r  

u s e  of donkeys t o  move t h e  machine marked. t h e  i n i t i a l  a t t e n p t s  of 

f a c t o r y  system. i n  t he  c o t t o n  indus t ry .  However the  s i g n i f i c a n t  

development was ?,rLwright's water-frame which put  t he  u n i t y  of Mii 

and water-power on a sound foot ing.  I t  was i n  the 1730s t h a t  e f f o r t s  

were made a t  u s ing  t h e  steam-engines, which were t i l l  then  >;sea f o r  

pumping water ,  as t h e  source  of motive f o r c e  f o r  machines. I n  1780 

James Pickard patented a mecKanism which had appl ica t f3n  of both 

crank and flywheel. Though i t  was o r i g i n a l l y  :!att ls  i d e a ,  :la-ving been 

I S t o l m ' b y  a workman, Iiichard Cnrtwrihgt,  i n s t e ~ d  of con te s t ing  i t .  

Watt  came up wi th  s u b s t i t u t e s  f o r  the  crank irhicli he patented i n  1781. 

From 1783 onwards r o t a t i v e  e n ~ h e s  began appearing ar-d s2rending i r ~  

d i f f e r e n t  i n d u s t r i e s .  The t h r u s t  of the  ro ta t i t -L .  en@nes mspn?p '  

g a g e d  from the follorcing: 

The t o t a l  number of engines b u i l t  duri:ig 
t h e  B o ~ f t o n  and Watt par tnership* was roughly 
500, of which 38 per  cent were pumping &d. 62 2 
p e r  cen t  r o t a t i v e  (most ly  f o r  t he  t . j z t i l e  in6ustr;r). . . . 

AS i s  c l e a r  what has been i l l u s t r z t e d  so  f a r  i:s t h e  emergence of 

f o r c e s  o f  nature:  animals, prater and stem-porrcr es  motive-:arc:> 

f o r  machine-processes. A11 these forces  had by t:.en -3er;ed ~s 

sources  of porrer f o r  locomotion i n  one way 02 the  other .  ;5pcs i i l  

mention needs t o  be made of t h e  importance of stem-ericine as a 

pumping engine. The energence of t he  un i ty  of 1;" an< SZ nilrkc?d 3 

* 
t he  pa r tne r sh ip  las- ted f a r  about 25 years  corning t o  a c l o s e  i n  1800. 



t u r n i n g  p o i a t  n o t  only i n  t he  evolu t ion  of techniques bu t  a l s o  the 

emergence of a  new economic order. 

The emergence of the object ive-uni ty ,  i .e .  t h e  ' u n i t y  of 

MP and f o r c e s  of na tu re  marked the 'placi-ff' of t h e  u n i t y  i n  

opera t ion  on t h e  p!ane of nature.  The uni ty  rooted i n  t h e  h m a n  

body unit now emerges a s  a process  ( ' r oo t ed '  ) i n  na ture .  Consequent 

upon i ts  'placing '  i n  na ture ,  i.e. among t h e  "sum' of o b j e c t s  out- 

s i d e  man, i t  is  s u b j e c t  t o  a l l  the  r u l e s  which o the r  o b j e c t s  a r e  

s u b j e c t  to .  So nuch regard ing  t h e  'p lacing '  of t he  un i ty .  Now l e t  

u s  move on t o  t h e  'developmentb marked by i t  and i t s  imp l i ca t ion  t o  

man-nature i n t e r a c t i o n s  And man's doings i n  this i n t e r a c t i o n .  

3 .  General i s s u e s  around t h e  emergence of 0S.jective U n i t ~  

I n  a s  much as t he  ernergcllce of t h e  ob jec t ive  un i ty  i s  a 

r ep l ac ing  of e lenents  rooted i n  .the human body ud%: by elements of 

labour .  Here l e t  u s  r e c a l l  our s t a r t i n g .  po in t  f o r  the  d i scuss ion  

of  LP. LP mas simply conceived as 'man's doings i n  man-nature 

i n t e r a c t i o n '  . The emergence of t h e  ob jec t ive  un i ty  has ,  obviously,  

taken away a  d e f i n i t e  subuni ty  of Li' from =an's doinrgs thereby  

a l t e r i n g  t h e  conten t  of labour.  k t  t h e  same time a s  i t  i s  a devolo?- 

ment i n  t o o l s  i t  marks an improvement i n  tEla accuracy of determine-te 

motions and makes f o r  a  v&t  l ea?  on tho fo rcc  f r o n t .  These inprovo- 

ments have important implica-t ions.  V i t h  every developnent i n  t o o k  

t h e  ' o r ea '  opened out f o r  man's i n t e r a c t i o n  becomes 1131~~s~. C1osei;r 

r e l a t e d  t o  t h i s  opaning out  i s  tho emergence of ' m a t c r i s l s '  nezdccl 

f o r  t he  making of t o o l s  which a r e  amenable t o  t h e  more ecci:rate 

determinate  motions and which c a i  w i t h s t d  t h e  l ~ r g e r  magnitude 



and i n t e n s i t y  of fo rce  appl ica t ion .  These impmvcmcnts on the 

de te rmina te  motion and f o r c e  f r o n t  have f u r t h e r  important implica- 

t i o n s  t o  labour. The exac t ing  requirements thrbwn up by machineo 

and fo rces  of na tu re  c e l l  fo r  d i s c i p l i n e  and i n t e n s i t y  of app l i ca t ion  

on t h e  p a r t  of t he  labour .  These, then,  a r e  t h e  genera l  i s s u e s  t h a t  

need be gone i n t o  i n  the  d i scuss ion  of evolu t ion  of s o c i a l  Teohnologr. 

L e t  us tnke up t h e s e  i s s u e s  i n  t he  s p e c i f i c  contex t  of IT:. 

4. Change , i n  the 'Cont6nt1 of Labour 

We begin wi th  t he  ques t ion  of change i n  t h e  conten t  of clan's 

doings i n  LP owing t o  t he  emergence of tht- ob j cc t ivc  u n i t j .  L b t  us 

r e c a l l  ' t h a t  LP was conceived a s c c l t i e s  a t  d i f f c r e l ~ t  l e v e l s .  L t  one 

l e v e l - i t  wtisviekod as t h e  concoption-- execut ion l.u:ity a d  then 2.t 

successive l e v e l s  i t  was viewed as ac t ion-cont ro l  uniSy 2nd the  u n i w  

of operative-mcharusm, motive-force and con t ro l .  I'Ji th t he  emergs nce 

o f  t he  u n i t y  of objective-mechanisn ,and f o r c e s  of  n;lturc t he  c lcnentr  

a t  t he  'base '  of the  ac t ions  a r e  'p laced '  ou ts ide  t h e  body u n i t  -nl 
\ 

consequent ly  man's r o l e  i n  t hcsc  ac t ions  g o t s  e l iminated.  Vitl? t n i s  

man's doings i n  LP g e t  confined t o  con t ro l .  Fur thcr  mcn h m  t o  s'.-ir.'c 

and s t o p  t h e s e  ' ob j ec t s '  wllich have taken  h i s  place,  feed the  me?!:riL2 

and take de l ive ry  of it. Note hero t h z t  t h a s e  ac t ions  are 6 e f i -  11; - "  L. 

. w i t h  r e f e rence  t o  t h e s e  ' o b j e c t s ' .  With t h i s ,  i n  51 ' ob jec t s '  o~cl..~:,? 

a  key p l ace  mm becomes a  tendor  of ' those objects'. 

This ch&gcd r o l e  of mcm has an important imp l i ca t ion  t o  t he  

quest ion of s k i l l .  S k i l l  i s  ~ o o t e d :  i n - t h e  f r m e  bf o>cm.tive-uec:la!~iaxt 

and as .such t h e  .replacin&-of operative-mechanism by r.n ob j-.ctive 

mechanisms e l imina tes  t h e  vcry basics o f  s k i l l .  of labour. Tho chrngc 



i n  tho  contcnt  of l abour  ,-md t h e  c l iminnt ion  of s k i l l  ge t8  

r e f l e c t e d  i n  the i n i t i a l  per iod of t he  ernergcllcc? of f a c t o r y  q r s t a .  

The ski l led-craf tsmen considered t h e  labour  i n  t he  f z c t o r i c s  devoid 

of s k i l l  a s  mean and degrading. Many of  then refused t o  ge t o  the 

f a c t o r i e s  f o r  work. So much regarding tho  change i n  t h e  conten t  

of labour.  Now l e c  us  go on to t he  quest ions  of 'irprovemcn'9' i n  

t oo l s .  

5. Improvements i n  Determinate-Eiiotions Ha,&tude and I n t e n s i t y  
of Forces  

The emergence of the ob jec t ive  u n i Q  i s  2 p c z t  s t e ?  i n  

human development. F i r s t  o:f dl the  elnergence of !I? by replztcinc 

tho  operative-mechanism roots?,  i n  t h c  h w ~ a n  body u n i t  made f o r  nore 

accu ra t e  d e t e n i n a t e  motions. Lot us i l l u . s t r a t c  i-l;. '.?he l a t h e s  

which emerged from the 16 th  cen tury  onwards 31.0 c l e a r  i l l u s t s a t i o ~ ~  
. - 

of  it. -The boring machine of John 1:lillrinson was one of t h e  rovol'.~- 

t i ona ry  products of t h e  IR-era. Y i t h  i t   he ;accurncy s f  t - ~ c  bar. 

was v a s t l y  impl'oved. It evolved Cur i rg  :.:is work o f  bo.ring cannon i n  

t h e  product ion of ordanance: 

The gun w a s  c a s t  s o l i d ,  and i n s  tead of 
making the  'bonin$ rod revolve,  a s  11.z.d bcen tlic 
previous p r a c t i c e ,  Willrimon caused t h e  cas-king 
t o  r o t a t e  about a f i xed  bar  a long which t r a v e l l e d  
a s l i d i n g  c u t t e r .  By t h i s  mcthod a more .un i forn  
bore was obt'ained than had h i t h e r t o  been poss ib le .  
( enph . nine)  5 

Thus t h e  emerge'nce of objective-mechanisms i n  t h e  ? l ace  of 

operative-mechanism rootcd i n  tho body unit nade f o r  f a r  nore  

accura te  d e t e r u i n a t e  no t ions .  



Close ly  assoc ia ted  wi th  the ques t ion  of accur:q.te de t e rn ina t e  

not ions  owing t o  t h e  emergence of t h e  objective-meckzllisms i s  the 

quest ion of forces  of nature .  It ia on ly  wi th  t h e  az--,-ence of 

objective-nechanisns in  t h e  p lace  of operative-aechanisns t h a t  t he  

app l i ca t ion  of  ou t s ide  forces .  i .e. f o r c e s  of na ture ,  ao .L~otivi.- 

f o r c e  of ope ra t ion  is made possible .  The a p p l i c a t i o ~ l  of forces  

of na tu re .  v a s t l y  increased  t h e  magnitude and intcnsit:{* of f ores-. 

Fo r  example conpare t h e  nagnitude of f o r c e  appl icd Ly c z t t l ~ ,  horse 

o r  water w i t h  t h a t  of man. According t o  ~ . ~ . ~ o r b o s ~  thc  f lour-mil ls  

of ancient Rome were d r i v e n  e i t h e r  by two =en o r  a donkey =id the  

horse when used as a  pack-aninal could ca r ry  four  t i r ies  as  liuch as  

a  man. The e a r l y  e f f o r t s  with f o r c e s  of na tu re  did not nL&e much 

of .a d i f f e r e n c e  t o  i n t e n s i t y .  But the water  and t i inh i l l : :  anrl t o  to2 

it all t h e  s tem-engine improved t h e  i n t e n s i t y  morrz~nsly.  I t  i c ;  

mainly owing t o  t h i s  increased  i n t e n s i t y  t h a t  t i ~ c  l:ft:ng sf watr:r 

from the mine- a t  very high r a t e s  was macio possible .  Thc vas'; 

, . improvement i n ' p r o d u c t i v i t y r  i o  a l so  r e l ~ t c c l  i;,.: ::I :x;3-.11n if 

i n t e n s i t y .  

6. I n p l i c e t i o n s  t o  Man-IJature I n t e r a c t i o n  

Raving touched upon the ' inprovenent '  owin.: t o  tjlc ;-xrzcllcd 

of the ob jec t ive  un i ty ,  l e t  us  go on t o  touch ..l?x~ the i::?:.ic,?ti?;zs '. 
t o  t he  ex t e rna l  of labour ,  i .e .  nature ,  i n  .-,.- rr; l-Lat~i,b iz i tc rac t ions .  

The more accura te  d e t e r n i n a t e  motions and the v a s t l y  i:~;)r,;wi 

nngnitude and i n t e n s i t y  of t he  forces  appl ied openccl 7. y;a;:t ::~teri:G 

donoin f o r  nan-neture i n t e r a c t i o n .  The n a t c r i d s  wi-icli t i l l  'then 

could n o t  be worked upon could  t h e n  on be k-orlri.3 u-,on w i t ? .  the  enorgent 



t oo l s .  The working on i r o n  which wa3 bade poss ib l e  by John 
,.. . . . . . . 

Wilkinson is  a case  i n  point .  1 t  i s '  o w i n  t o  tiiis invent ion  
. . . . .. . . . . , 

t h a t  one of t;k;6 c h i e f  d i f f i c u l t i e s  of Wdt i n  procuring ;x cylinder 
. . . . . . . . .. , . , . .,,.. ! ,  

s u f f i c i e n t l y  accura te  i n  bore t o  prevent the  leakage of stein? could 

be solved. S i m i l a r  was the  e f f e c t  of the  increased  magnitude a n d  
. . 

i n t e n s i t y  of fokoe t h a t  &&ld  be appl ied owing to  t h e  development 

o f  'forces. of nature .  A case  i n  po in t  is  t h e  changes brought %bout; 
. . . . . ., 

i'11 t h e  i r o n  i n d u s t r y  i n  t h e  l a t e r  h a l f  of 18th century.  The power 

o f  the water-bellows v r a s  v a s t l y  increased  wi th  t he  use of t he  ?rater- 
~. 

wheel &d the steam-h-er b u i l t  by Watt f o r  Jclm ?i i lkinsdn "weigl~ed 

a hundred and twenty pounds and could s t r i k e  a llundrod and f i f t j r  blorrs 

a minutev.* They no t  only nade poss ib le  the  f u l l  u s e  of coa l  i n  
. . 

b l a s t  furnaces but  a l so  speoded up prod.uction enormously. The above, 
. . 

i . e .  improvements i n  t o o l s  opening out v a s t  ma tc r i a l  domains f o r  

man-nature i n t t r a c t i e n ,  may be c a l l e d  the forward linkage., A t  t hc  . . 

same t i n e  i t  is  poss ib l e  t o  v i s u s l i s e  a backward l inkage  a s .  well.  

7. Mater ia l  Base of Toob-. 

. . .  
The backward . l inkage r e f e r s  t o  quest ion of t he  'material  . . . . . 

bas?' ' of the mproved too ls .  I i i t h  more accura tc  motions md 
. , . .  . . . ,  

v a s t l y  increased  magnitude and i n t e n s i t y  of f o r c e  such m a t o r i d s  
8 > :. . . . . ,. . . 

a r e  ~ q u i r e d  f o r  t h e  making ~. :of t h e s e  . tools  which. could withstand 

t h e  i m r e a s e d  f o r c e  and which a r c  amenable t o  t h e  a c c u r a i x d e t e r n i n a t e  ., ,. 
motions. The i n c r e a s i n g  replacement of ',rood by.:m,et&s, especially . . . ~ 

i r o n ,  i n  t ho .  13 th  century.  and a f t e r  i s  a .  c l e a r , i l l u s t r a t i o n .  of it. 

This  ends our d i scuss ion  of t h e  cTevelopmont of t o o l s  maxlling I R  

and i ts  impl ica t ions  t o  man-n~turc  i n t  oraction.  



8. Impl i ca t ion  of Impovencnt  i n  Tools t o  Labour 

PJW l c t  us  go back to  the ques t ion  of labour. :<ere what onc 

i s  i n t e r e s t e d  i n  is i n  vieruin,: tl-.e i n p l i c a t i o n  of tho v.mt incrc:l:je 

i n  magnitude and i n t c r ~ u i t y  of fo rco  t o  labour.  A t  t he  f irst  glance 

i t s e l f  i t  i s  c l e a r  t h a t  t h e  r e g ~ ~ l a r i t y  and con t inu i ty  which are 

' b a s i c '  t o  theso ob jec t s  inposes  a c e r t a i n  discipline on the labour.  

Tolrc f o r  ins5anci. t h c l a 3 o u r  of feeding t2ie ma to r i a l  and tak ing  

d e l i v e r y  of tho product. There i s  n c e r t a i n  r a t e  a t  which thc notion 

is repeated and the  1a.bourer i s  s i m $ l y  subjected t o  t h i s  r a t e .  Be 

cannot '  s t a r t  axid s t o p  the  'workL whenever he f e e l s  l i k e  doing it, 

he  has t o  f n l l o w  t h o  rliytlm of the machine, s o  to say. 

Thio con?letes  our d i s c ~ ~ s s i o n  of 13. The above discussion 

i ias not on ly  opened out a cert,zin theme as t o  the dovelopxcnts i n  

t o o l s  but a l s o  opencd out  trro r e l a t e d  f i d d s :  t h e  chmgc i n  tkio 

con ten t  o f  labour  uonsequent upon the dcv~lopments  i n  t he  t o o l s  and 

the ' a rea '  i^or i n t e r a c t i o n  opmed ou t  comequent upon the devclop- 
- 

inents. ?ran now on our focus s h o l l  mainly be on tho  evolu t ion  of 

techniques ,  i .e .  t h e  developments i n  the  t o o l s  wherein lie sha l l  

touch upon the consequences of these  developmen-ts t o  t he  content of 

l a b o u r  M t h e  ' a r ea '  of i n t e r a c t i o n  i n  t h e  passing.  



P a r t  I11 : Energcnce  of ?lachine-l'roccss 

1 . Introduc t i o n  

A s  in t roduced s a l i e r  t h e  t a s k  before  us i s  t o  t r a c e  thc  

bmergenc e of tlie un i ty  of Machine-Process and Z teLm-Ecgino. I n  

t e r n s  of We concepts int roduced s o  f  nr t h e s e  develo~incr, ts  t h a t  

c o n s t i t u t e  ' the emergcncc of t b e  un i ty  c+&.,broadly be s a t  under . * 

two heads. Under t he  f irst  head falls the  emergence of fo rces  of 

n atuiie a s  motive-force culninzt i r ig  i n  t h e  cnergenc e of stc,rm-engine. 

Under t he  second head f a l l s  t h e  energ-4 pf Machine-Pracess. 

Obviously the d i scuss ion  of the  sccond proceeds . td : i rg  khs source 

o f  motive-force a s  man. To. put  i t  6 i f f e r o n t l ~ y  the  t ~ f r o  broad a r c m  

correspond t o  t he  t r a c i n g  of developnents i n  th;. ' t oo l s '  of opern- 

t i o n  md 1 t oo l s '  of 1ocomo.tion tak ing  rn-.n c s  the  sc-2.i"ce .of r.~otive- 

f o r c e  ,mfl t o  the trcciri ,  $1' t:.~ cnargencc of f o r c c s  of  na ture  9s 

s o u r c e s  o f  motive-forco. 

We propose t o  begin with t h e  t z s k  of tr;xcin;. enor,2cnco of 

MP i n  t h i s  p s t .  I t  i s  cle,m t h a t  i n  t i l i s  t ask  t h s  "aroo" m need 

t o  cover is  t h a t  lgir:,y "bol~ind" -1;he RP. To got 3 +;rasp of t h i s  rircz 

wc begin with Ill? and Slcn go 'backuuarda'. F i r s t  of ;ill, l,lP i s  

de f ined  with  r c f e rcncc  t o  ope rc r t i~ns  i n  L'F . s  t h ~  . > ? c r a ~ ~ n  ~ l i c r c  

t he  operative-nechanism which i n  r o o t c i  i n  a l e  h u m  body u.nit i s  

replaced by m ob jec t ive  aachmisn .  Thus *lo a rea  1:,<~ behind ~ir 

correspon&ri t o  t l ~ c  evoiu t ion  of t o o l s  o f  operc t ion  c ; l l z inn t i l g  ill 

t h e  objective-meclla~isrn @?.Wituting ope:-1tivc-3ec!;.x~isn. 



A s  developed i n  the  s t r u c t u r e  of Labour-2roccss operi . t ions 

i s  viewed as e un i ty  of operative-ilcchanism md notive-f ~ r c c  ;.rhere 

t h c  u&ty i s  rooted i n  the hu:.!an body up i t .  I n  t h e  con to r t  af -:.I~!I . . 

n  uni ty  the emergence of objective-ncchanisn i n  the placo of opcrativ;l- 

nechanism is essen-t i  a l l y  t he  m a r a t i o n  of operative-aechanism from 
. . 

t h e  uni ty  t h a t  i s  ' roo ted1  i n  t h e  body unit .  Thus tho emergence of 

NP i s  thc sepal-ason of the  operative-mechaiim f r o n  the un i ty  

re ta in in , - . tho  source ' ~ f  not ive-force as the body u n i t  of mon. T h i s  

ques t ion  sf ~ c p a r a t i o n  i s  r s s c d  owing t o  t he  f a c t  t l ~ n t  operat ion i s  

a un i ty  of oF,zrati-re-mech&iim ~ n d  motive-force. I n  t he  case of 

locomotion s i n e  e  i t  i s  ~ o n c e i v e d  as a n  intcr3,c t ion o f '  f o rces  t he  

b a s i c  clement i s  f o r c c  and the quest ion of sope ra t ion  does no t  a r i s e .  

Tns t ecd  h e r a ' t h e  changes i s  i n  t he  d i r e c t i ~ n  of f a c i l i t a t i n g  the 

s m S . 1  hunan f o r c e  t o  Con1 with  1argi.r fo rces  of nn-titre. The evolut ion 

of t o o l s  of locomotion, thus ,  is  i n  f -zci l i te t in ,? .  fo rces  of man. 

I n  t he  1i&t of 3x d i scuss ion  on Iii,  i t  i s  c l e m  thr.t tho  

cvo lu t ioh  of t o o l s  of operat ion m 2 z d  f o r  the euar&t?:lcC of forces  of 

n a t u r e  on source of motive-force, i.c. every nova r lc r i t  towards 

s e p a r a t i o n  opens a  v a s t  a r e a  f o r  tha c l i ~ s i n a t i o n  of forccs  of man 

whereas t he  evolu t ion  sf t o o l s  of loconot ion s i n p l y  f a c i l i t a t e  the 

a p p l i c a t i s n  of f o r c e s  of man. Our d iscuss ion  i n  t he  following s>stio:!c 

i s  an attempt ;.: developing these  t w o  Tnmes i n  stjro de t&l .  

Our s t a r t i n g  point f c r  t h e  d i scuss ion  i s  tho d r - : ~ ~ , ~  o f  himm 

evolut ion.  Our conccm, thus ,  i s  the  cxtrr .  corporeal  n3t S O  ~:: ih  

t h e  corporeal  body u n i t .  The s t a r t i n g  po in t  i s  tLc I ohjoct '  pic!;cii 

by man and used i n  c a r r y i n g  ou t  ac t ions .  This i s  the pr i r i i t ivo  toe1  

o r  a1 uxterdec? liob' . 



2. Evolut ion of Tools of Locomotion 

A s  e labora ted  abovc oporzt ion,  i.c. d ~ t e r n i n a t s  no t ion  i s  

conocivcd i n  thc broad a rea  of i ~ t e r z c t i 3 n  of forcco  by introciuci11~ 

t h e  no t ion  of a  system. Thus i t  i s  necessaxy f o r  u s  t o  be@n our 

d i s c u s s i o n  of t h e  mergence of Machine-Process by viewing the bmad 

a r e a  of i n t  c r2c t ion  of forces .  

A s  a l ready  mentioned what i s  bas ic  t o  1oc.omotion i s  in tc rac- t ion  

of fo rces  ,and what it determines is e i t h e r  t h e  i n t roduc t ion  of loca- 

t i o n a l  chtngos o r  prevention of such changes. Thc h w a n  r o l e  i n  

locomotion i n  the  opposing of n a t u r a l  fo rces  by human muscul,?r forces  

and t o o l s t  of locomotion ?Ye a n c d i m  f o r  t r a n s m i t t i n g  thcsc  Zorccs. 

Thc c c n t r d  p r o b l m  i n  locomotion i s  t h a t  of  d e j l i n g  with t he  forces  

o f  nxture  of d i f f e r e n t  magnitudes md  i n t e n s i t y  by thi! l i n i t s j .  
.. 

hunan fo rcc .  This s e t s  tho d i r e c t i o n  of evolu t ion  3:E. the  t o ? l s  of 

loconot ion.  I n  t r a c i q  t h i s  evolution l e t  us begin ??it\ tVic p r i n i t i v ~  

a c t s  of locomotion. 

The p r imi t ive  a c t s  of locomot'ion a r e  c a r q i n g  3nd ?u l l i ng l  

L e t  us b r i e f l y  go ovcr sone of t h e  bas ic  p r inc ip l cn  und,?rl:?ing t h o z ~  

actions, .  Carrying neccasa r i l y  r equ i r c s  e q u i l i b r i u n  -3f tilo man-lo-d 

combine. With any incrcaso  i n  t h e  mngnih~iic 3f the lozd d e f i n i t e  

a r c  poked i n  keeping th nan .load conbine in .:yLlibr.iun;. Tkis 

pu ts  r, c l : a r  l i m i t  on th: magnitud- on thc lo::d t:i::.t czn bo carrici ' . .  

: I n  pu l l ing  thc  man-load combin- i:: scpara tcd  a d  t h c  qui.ution of 

squ i l i b r lum crz, bc eomidcscd  3cpar;rScly. Thio immcdictcly raidcs:.. 

th..: locd t h a t  can bc pul led .  But t h e r c  a ro  c l c a i  limi';s f o r  thi: 

t o o  owing t o  the  smallness of t h e  f o r c e  t h a t  n a n  can apply. 



Thc evolut ion of t oo l s  of locomotion r.r,: b a s i c a l l y  a1 

pttempt a t  d e a l i n g  witk loads of inc  rensing mngnitciles. with tho 

l imi t ed  human force .  The Erst  and fo renos t  t o o l  t h a t  nan comes up 

w i t h  i s  t h e  lever .  The p r imi t ive  l cvo r  i s  n p a i r  cons i s t i ng  of 2 

rod  and a support. The rod of t h e p r i m i t i v e  Lwn i s  an a b j e c t  pizkod 

at t h e . f l u x  of t he  ac t ion  and t h e  support  i s  t i ~ c  ground below. 

Now the  ob jec t  i t s e l f  g e t s  modified i n  the  course  o f  t!lc s t i o n  23.: 

get3 a  proper gconet r ic  form. The working of tile l e v e r  i s  govcrn i l  

by the displacement p r inc ip l e :  a s n a l l  f o r c e  by movinn a lar,?c 

d i s t a n c e  d i sp laces  a l a r g e  f o r c e  by a s n d l  di.st$;~ce. TIerc tile 

small  fo rce  i s  t h s t  of the human nusc lcs  and thc  1:lrge on2 i s  tliu 

load.  I n  due course  o the r  mucheaismo working un3sr t h e .  i ? : t inc i~ l ;  

come to p l , ~  d e f i n i t e  r o l e s  i n  i l rx - ing  loads  of l:icronsing ?: ,3pi t l l1 i>~.  

Wheel, pul ley,  screw m d  the wedge a r o  i ; ~ - t ? n c c s .  ;?it% thcsc ,nc:sii:;:ii :.il 

instruments  dead ureights (gravit7j) ccoes t o  s a b s t i  t u t s  hunan i'goro 2;: 

i n  moving o r  a t  l e a s t  p r c v c n t i w  tho  nq t ion  of hol ies . '  l i v e l y  

d i scuss ion  of these inst ruments  nay be found i n  Galilee. An s t t c i ; . ~ t  

i s  made a t  s u n n i l r i s i w  i t  i r ?  t h e  ai>pendix7. - But not3 -thc.t n l i  t l~cc :  

i n s t & e n t s  have huvm f o r c e  a t  the  very bzoe %mi thr: US~CII::C of 

theso  mechanisms i n  locomotion i s  only i n  f i ~ c i l i t a t i n ?  t h s  ngvi;~~:. 

0.f l a r g e  loads by the l i n i t c d  ' h w m  forces .  

The concept ci  ̂ 'work', s o  to say,  cmergcs .zs ?. corGcq:.Icncu 

of the  undarstanding of t h c  displacement p r inc ip l e .  !Ti.th ';!-L%. 

und*rstanding of tha p r i n c i p l c  of l avo r  a 2 i  t11;lli. m 1 2  01 lym:.n :o?,x:> 

. . i n  d i sp lac ing  lo rgo  loads t h e r e  coneo -to be a. GI) jicfi.i-:: 5 2 . ~ 1 ; .  So: 

t h e  neasurcment of workdone i n  loconotion.  Her- the woL2one by 

human f o r c e  i s  i n  moving loads ,  which is  obtzi!ied kg thC ?xa;.iict o i  t ..e 



l o a d  and i ts  d i s ~ l a c e m e n t .  I t  i s  obvious t h a t  the  same formula 

c a n o t  mep,iri,nFfully x2plied i n  ob ta in ing  t h e  'wcrkdoner i n  the 

ca se  of operation.  

Defore going any furthe', l e t  u s  c l .3r i f r  t h e  no-tion of mecka.- 

n i s n s  o r  mechanical i n s t r u n e n i s  as they a r e  c a l l s d .  The f i r s t  thfng 

t h a t  uic observe i n  a l l  these  instruments. i.e. l e v e r  f m l l e y ,  wheel...ct 

i s  t h a t  t hey  a r e  a l l ,  s o  t o  say,  systems har ing more i%nn one element. 

~ e v , 2 r c o n s i s t s  of tho  rod and  t ? ~ e  scyport ,  rfrheel cons i s to  of t h e  trhcel 

3nd axle . .  . .e tc .  Thus t h e y .  a r c  systems of mater ia l  bodies having 
. . 

d e f i n i t e  &ometr ical  azcs. Tile no t ion  i n  tllecae systoin-s i s ,  of c e r t ~ n  

slcmonts about t h e s e  =es. Tho l e v e r  moves about t he  perpendicular 

drawn a t  the  support ,  t h e  wheel about -the =:is runn i rqy  through. i t s  

cen t r ' c  aiid So on. Thu$ what we have c d l e d  nech ;~n ica l  instrtxxents a r e  

s:ysta~s of n k t e r i & l  3d6ie3- ruith 3ef in i - te '  geometric axe:; &d ioti :3ns 

nbout those ~ 5 s .  The pur2oae they  servc i n  l0C0m0tioh is i n  f s c i l i t c -  

ti% t h e  a p p l i c a t i o n  of h m m  fo rces .  

Here i t  may be p e r t i n e n t  t o  po in t  out the  h i s t i r i c a l  clin:ensions 

~ t t a c h e d  t o  t h i s  group of instruments.  It i s  w i t h  reference to  t h i s  

group t h a t  IIcro of Alexandria s ,aid: 

t h e  simple n e c h a e c s  by which onc nay move a 
given weight by a given f o r c c  arc  f i v e  i n  numb-r. 

Tiore o r  l e s s  tho s,me group reii2pcsrs i n  Gal i leo.  N l  d o n g  t h e  

n o t i o n  of nachiineq was i r e x t r i c a b l y  t i e d  u;? r i i th  C;?cse ob j r : c t~  s ince  

. . 
t h e  time of Hero. These ob jec t s  were thou;ht ts ':,; t h ~  ~~~~~~~g l:;..:~s 

o f  a l l  nachinery. b; may be c l e a r  our orin c i fdr ' i  is vie~rin;; 'cilene 

- .  
o b j e c t s  not a s  mere ob jec t s  but  a s  ob.i'ects i n  process. I t  i:; esocl:tl::i. 

such a view which d l o w s  us t o  c a l l  u c h a n i s x s  i n  onerc.tion as  a a c h i n ~  



prbcess. t o  d i s t i r g u i s h  then from a l l  o the r s .  

~ , ? v i n g  discu$sed t h e  o~rolut i 'on of t o o l s  of loconot ion tend 
, . 

having c l a r i f i e d  tho no t ion  of nachine-process f u r t h e r  thc s t age  is  

S e t  fo r  t h e  t r a c i n g  of t he  enorgcnoe of machine-procesc. 

3.   he Emerpence of Machine-Procbss 

- 
, . i. The Initial Se j a rn t ion :  iis int roduced above t h e  evolu t ion  . 

, o f  t o o l s  of ope rc t i on  needs t o  be s tud ied  as the  s e p a r a t i o n  of t o o l s  

of operat ion f r o 3  the too l s  of locomotion. The s t n r t i n g  po in t  f o r  the 

study is  the  dawn of humzn e  rc>lution and p r i m i t i v e  t o o l  13 the  

o b j e c t  picked 5y man a t  t l iz  f l u x  of the ec t ion .  The i n i t i d  s t e p s  of 

s e p a r a t i o n  nqr be s e e n  i n  tile s e p a r a t i o n  of the ?:orking edge from the  

g r i p p i x  edge i n  t h e  g o n e r d  :..rpiose t o o l s .  Note t l i a t  no, such separa-  

t i o n  can be obzcrvcd i n  t h a  t o o l s  of locomotion such as l o v e r  pu l l ey ,  

whoel....otc. Tho c l n s s  of general  puryose t o o l s  a r c  c z l l e d  the  same 

because t he re  i s  nothing i n  th.; &;lap of t h e i r  uorking edge to exprcss  

t h e  motion they e n t e r  i n t o  i n  t h e  ac t i ons .  "ley am s t i l l  a t  a  genera l  

l e v e l  mdi  ithcy a r e ,  p r e d o n i n ~ n t l y ,  -tools of f o r c e  nppl ica t ion .  Tho 

d i s t i n c t i o n  i n  motion i s  ba; ; ical ly  or?inji t o  t h e  motion of the  bodi ly  

l imbs.  Observe the p r imi t i ve  genera l  purpose too ls .  The d e f i n i t e n e s s  

af the h i t t i n g ,  g r ind ing ,  h m a e r i n g  @d s o  on a r e  no t  r e f l e c t e d  i n  t h ~  

' too l '  as S L I C ~ ,  but  o n l y i n  t h e  no t ion  o r  t he  nand. These, i n  a scnsL, 

c h a r a c t e r i s e  t he  boudary of locomotion and opera t ion .  

The s epa ra t i on  of tho  working-edge f r o a  t h o  ~ri:j,xi.n,: o d ~ o  c . i r > ; c . j  

g ives  IX t h r e e  pairs;-: l i a b - t o o l  p a i r  i n  the  ' g r i : "  : i.201-~ior!rpicce 

p a i r  i n  t he  'work' ; the  workpiece-liclb p a i r  i i l  the 'lroiill . "Tithin. 

t h e  ' g r ip '  'and t h c  'hold' -thexu do not e x i s t  any r c l a t i v e  c?otio?-i which 

i n  f a c t  make f o r  t h o  required n o t i o n  i n  t h e  tool-w3rl.zi,ic.cc p z i r .  : 



The c o n s t r a i m e n t  of 'hot ion i n  the  ' g r i p '  and 'ho ld '  a r c  nchicve6 

by auscu ln r  forces?. 

As already mentioned the  genora i  purpose t o o l s  do hot ' conc rc t i s c '  

. .. .. -., 
t h e  f iotermimte motion. T h i s  c o n c r e t i s e t i o n  cones :<flout only  wit!^ 

t o  
t h e  movenent from the  - g m c r s l  purpose tools/spec.if ic - t oo l s ,  i . e .  thc 

emergence of s p e c i f i c  goometric fo rns  a t  the  ?ror!rin,- end. >?it11 t h i s  o 

can t a l k  about d c t c r n i n a t e  motions - t h e  s e p n r a t i o n  of d c t a r i i n r t c  
. . 

no t ions  f r o n  l oco rno t io r~  has  begun. I t  mhas t o  bc 1~5te.l t h a t  t h i s  

novement i s  not a once f o r  a l l  movement, t h i s  i s  E I)rOCeSS of f i f fere l )  

t i n t i o n  and refinement .' 
Tilit11 these  d i f f e r e n t i a t i o n s  'and refinement c t  t l ~  irarkirig-edge 

t h e r e  n e c e s s a r i l y  ,pes  n d i f f c r c n t  procssn a t  .the 0th-r  ::d. Since  

o p e r a t i o n  i s  n u n i t y  of opcrctive-mechanisns 2nd ro+Jivc:-forc- +;he 

initial s e p a r a t i o n  of operative-nech.mim wit11 t h o  tlif f c r en t i r i t i on  

of working-edgc nake wa;r f o r  c l ~ a u y s  i n  .tho f o r c e  npplicr . t ion.  This 

n a y  be s een  i n  t h c  s ~ p a r a t i c j n  of SIC force-,?j iplyin~; pi;.ce from the  

working p iece  i n  t he  too l .  TrCrc t h c  case  o f  @:c 'r:r.:-;er ?:?.-I c h i s e l  

o r  t h e  rope and the  d r i l l .  B p a r a l l c l  devi?lo?aert i.: kl~c coripositc 
piec:? 

t o o l  where t h s  wcrls.lri;?,--tool i s  a different/frorr!  : r r i  ~:?inc p t e c ~  - 
rind t he se  two a r e  combincd toge the r  t o  adcc  t:;.e cor.ii,o::i';i?-tool. 

So f a r  we hcve touched u70n the , -cncrd puryroso t oo l s ,  ~ p c c i a l i s e d  

t o o l s  and conpos i tc  t oo l s .  ifid throush th.ci we !:.=vI: Cr.-.ccd t h c  

s c p s r e t i c n  of 02ern t ions  i;; t he  bro:?d.;r a r e c  of -;ioca3ctio;?.~. But 
\ 

rill along t h e  &ity of  operntivc-neclunisn clld r;okiveLforce ::.a such 

i s  ' roo ted '  i n  t h e  hunnn body u n i t .  Aow i:c s h a l l  ztt7:lp-t t r r ? ~ i ~ i g  

t h c  emergence o f  t he  operctive-nechmioi: out s ida  th;: ! ~ o $ . i - u ~ i e  vhicl: 

i n  other .  words i s  t h c  emcrgcace of inaiehina-2rcccss. . .  .:is i;; c l c n r  t h i s  



aark&@he breaking up of the  u n i t y  rooted i n  t l ~ e  hunan body u n i t .  

ii. Energonce w i th in  t he  oporat ibn:  ' The emergence of NF' can be 

viewed from two d i r e c t i o n s :  1 .  f r o n  wi th in  t h e  opera t ion ;  2. as a  

movement from ou t s ide  t he  opera t ion ,  i . e .  a s  a  mo~ement of the 0bjeCti~ie-  

aechanisms from the a r e a  of locomotion. We b e a n  rri th t he  first. 

Let us t ake  an example. Consider t h e  f i r e - d r i l l .  I t  c o n s i s t s  of a 

wooden p l a t fo rn  with  a ho l e  a d  a pointed rod. Tho hur~an h m d s  5old 

, the  d r i l l  v e r t i c a l l y  and g ive  p a r t i a l  r o t a r y  no t ion  t o  the  d r i l l .  

The'hands by press ing  t h e  d r i l l  down and by ho ld ing  it proper ly  e l i n i -  

w t e  a l l  q t a r d  and h o r i z o n t d  d i s t u r b i n g  no t ions .  Thc s m e  hands 

whicli cons t r a in  n o t i o n  a l s o  i n t r o d u c e  motion i n  t h e  zystcn. I n  t h a t  

s-ense both: o f  t he se  a r e  ropted i n  the  s r a e  h m a n  body wit. 

Now cons ider  t h e  ca se  where one man e l i n ina ' c . 3~  t h e , . d i s h r b i n r .  

g o t i o n s  by holding the  d r i l l  from the  toy .?ad p r o s s i ~ l g  i t  down. 

Another m a n  introduces no t ion  i n  the  p a i r  by n c m s  of a rope. Thc 

two aspects 'constra inment '  and ' i n t roduc t ion '  of not ion '  a r e  c l e z r l y  

separated.  I t  i s  e s s e n t i a l l y  such a s e p a r a t i o n  ;rh,ich s e t s  th2 st;l;jc 

f o r  t h e  emergence of NIP. A l l  t h a t  needs t:, be donc i s  t o  ?xrzn;ll,.E 

m&eri&l bodies s o  a s  t o  r ep l ace  t h e  f i r s t  p e r s o n  :;ho prO8QeS t i i ~  

d r i l l  down. This  i s  done by e r e c t i n g  a  f r m c  which connects t h e  

platform with t h e  d r i l l  l e av ing  a  c i r c u l a r  ho le  s o  th-.t the  d r i l l  i s  

placed v e r t i c a l l y .  '&is is  t h e  objective-mechanism which rep laces  t3, 

f i r s t  person. N o t e  t h a t  t;ho not ivc-force  i s  s t i l l  supplioci by thc  

o ther  nm.  

I n  t h e  ca se  of the f i r e - d r i l l  the  s epa ra t i on  is c, lszr  c u t  z a i n l y  

because t h e  r o t i o n  i n  t h e  pir: d r i l l - p l ank  i s  r o t s r j  whereas t h ~  



human lim'os, because of the  s t r u c t u r e  of radius  'and u lna  can a t  bcvt 

1 
g i v e  semi-rotary motion p e t a i l s  n2y be found i n  Gordon c h i l d e l .  

Owing t o  t h i s ,  f r o m  e a r l y  t i n e s  a t t e n p t s  were nade a t  converting the  

to-and-fro motion generated by t h e  hand i n t o  r o t a r y  no t ion  i n  t he  

d r i l l .  The t r a n s m i t t i n g  ob jec t s  such as  t he  rope nnd the bow with a 

s t r i n g  a r e  a l l  concrete  expressions of t h i s  e f f o r t .  

iii. Movement from Outside: To c l a r i f y  thc second, l e t  us 

c o n s i d e r  t hc  g r ind ing  whod.  The wheel with  i t s  abras ive  edge 3r 

s u r f a c e  i s  n o G t e d  on supports.  The workpieco t o  bo ground is  hold i n  

t h e  hand m d  i s  brought i n t o  con tac t  wi th  t he  abras ive  sur face .  Here 

t he  wheel nounted on supports  i s  t h e  common wheel t a lked  about i n .  
. .. 

locomotion. The o n l y a d d i t i o n s  a r e  t ho  abrasive edge as  t h e  ' t o o l '  

of opera t ion  and t h e  hand h o l d i n g  t h e  ruo?kp&ce. The l a t t e r  i s  elinina.tc . 
once 3 'holder '  i s  f i x e d  on t o  the  f r a n e  of the wheel. Thus, here  the  

wheel-on-supports i s  the c b j e c t i v e  mschanisn which has moved from thc  

sphere  of locomotion to  tho sphere  of oper.?.tion, w i th  the t o o l  of 

ope ra t ion  and the workpiece f i t t e d  on to  i t  subs ti t u t i n g  the 

operative-mechanism. This narks  t h e  emergence of naclline-process. 

MP, thus  , i s  def ined by t h e  advent of objective-nechmisns,  i n  

t h e  operat ions .  The objective-nechjnisn simply s u b s t i t u t e s  t h e  

operative-mechanism of L.P . I n  o t h e r  vords  t he  deter:2incte no t ion  

w i t h i n  t h e  tool-workpiece p a i r  i s  now obtenec? by ar. objective-inecha- 

n i s n  and not  by t h e  o p e r a t i v e - n e c h d s n  of LP rooted i n  thc  hun<w~ bod;, 

u n i t .  But t he  r o l e  of 'motive-frrce' and ' t o o l s '  do l o t  cllmge. Not 

o n l y  t h e  not ive-force but d l so  tho t o o l s  of o p r a t i o n  s t ana  i n  t he  

s m e  r e l a t i o n  t o  both. Given the  operat ion,  LP g e t s  expressed through 



i t s  operntive-mechanisn md i t s  t o o l s  u t i l i s i n , ?  tho  necGssp.ry fore.: 

both f rou  hman  body u n i t  and nature.  I n  exac t ly  t he  s m e  foshion 

a machine-process g e t s  expressed through the  cbjectivc-nech,micm wi th  

i t s  t o o l s ,  u t i l i s i n e  f o r c e  frora vnri'ous soureos. Within th; dam-in of 

ope raeons ,  tho  s u b s t i t u t i o n  of LP by PIP is thus  1o;ically conplcte.  

Note t h a t  both tile rou tes  of the  advent of objective-mech3nit:a 

have t h e i r  p r i o r  b a s e s  i n  h m a n  ac t ions .  . Consequently, we nay s a y  

t h a t  these ' t oo l s '  have evolved i n h u u a n  a c t i o n s .  I n  one case  it 
. ~ . . 

e ~ o l v e s  i n  the 02e ra t ion  whercas ' in  another i t  eWlTes i n  loconot ion 

and then noves 311 t o  tllc operat ion.  ~ e n c e  urh.;t l i e s  'behind' these  

t oo l s  i s  the  h m m .  sections and the l<nowled.yo coincident  with  then o r  

p r i t c t i e d  knowledge. Since or  ou t s ide  knowledge h a  n o t  p lay  m y  r o l e  

i n  t h e i r  evolution.  

4. Change i n  t he  Content o f  Lc~bour: 1iaw l e t  us  nove on t o  the 

conten t  of l abour  a f t e r  t h e  e v o l u t i s n  of PIP. Thougn i n  t e rns  of the  

a spec t s ,  i .e .  motive-force and o;icrative-necli=nisn, tho r e l a t i o n s h i p  

remains the s m e ,  zachine procoss br ings  ?.bout a  chsnfyc i n  tho content 

of labour. I t  breaks the  c s n e n t i ~ l  u n i t y  of labour  i n  operat ion thereby 

~ C i t t i n g t h ~  s t a g c . f o r  the u t i l i s a t i o n  of fo rces  of n?.tur,e i n  the  placo 

3f forces  of nan. 

Let us cons ider  an exmple  s<~.y tile tyL)c--writer, t o  br ing  out 3 0 % ~  

o f  those aspects.  F i r s t l y ,  t ho  conbinat ion of no t ions  i n  r r r i t i ng  r.n 

alphabet i s  e l i n i m t e d  by the ' type' wherc the s p e r c t i d n  ::ilsdowIIL: i L s  down 

s inp ly  to  stamping, s a y  wi-kh ?. rubber s t a i ~ p ,  I n  the noxt s t age ,  thcrc  

i s  ~1 e x p l i c i t  ob j eo t i~~e -nochzn i sn ,  v i z .  tiic krrrewritor; vhich holds  

t ho  type and t h e  paper. Bsre  i a b ~ ~ u r  proviaas  on ly  t h c  r~ot ive-force.  



Here i t  ncay b e  p e r t i n e n t  t o  t&e  up a uo in t  about t l iolding'  

t he  t o o l  m d  the  workpiece. The fixity of t h e  vorlcpiece o r  the  

t o o l  is ,ilot a l o g i c a l  requi renent  f o r  d e t e m i n n t e  no t ion  uritk~in t l ~ c  

: ~ l r .  T d c e  t he  case  of t he  type-writer .  I n  t he  modern type-riritcr:?, 

t h e  paper i s  f i xed  on the  r o l l e r s  m d  the  t yne  s t r i k e s  2t the  paper. 

When khe type-wri ter  f irst  m~.de i t s  appemance,  thd @po used t o  bc 

f i x e d  a d  a  h m e r  used t o  s t r i k e  t h e  paper on t o  t h e  b jpa.  I t  i s  

c l e a r  from the  above exmpl'e t h c t  d i s t i n c t i o n s  such as what labour  

i s  working on and ~1ic. t  l abour  i s  working wi th  i r ,  tho  sense  of 'fixed' 

and 'noving' p o s i t i o n s ,  do no t  t ake  u s  very f a r  i n  d i s t i ngu i sh ing  one 

a s  t h e  ma te r i a l  and the  o the r  as t h e  too l . .  

7. .Ob;iective-lIechcnisn 'il P r o c e s s  . . . , . 

We c,ncludd t h i s  s e c t i o n  by c o n s t r a s t i n g  t h c  r o l e  of nbject ivc-  

mechmisns  i n  locomotion and i n  opercrtion. S ince  lcccnot ion hns only . 
f o r o e  as i ts  s t r u c t u r a l  e lenent  t h c  r o l e  of ob jcct ivc-xcchmiuns i n  

loconot ion,  a s  ncnt ioned r,!>ove, i s  b a s i c a l l y  a s  2 t r , ? n s n i t t o r  of force 

f o c i l i t c t i n g  t h e  appl ica t ion .  of fo r ce .  The d c t e r n i n z t e  no t ion  i n  the  

n e c h m i s n s  as such is not the  essence of loconot ion ,  i t  only f a c i l i t ~ t  

n a n  i n  denl ing w i th  l ozds  of i n c r c z o i w  mngnih~deo wi th  t he  l i n i t c r l  

human nusculs.r fo rcc .  I n  ope ra t i on  t l ~ c s c  3bjectivc-nech-nisr ,~ ~ l : ~ y  a  

d i f f e r e n t  r o l e ,  they  s u b s t i t u t e  hazan oporative-rech:air;ns an6 t!lus 

cane t o  occupy the  very base of de t e rn imte -no t ions .  The essence of .I; 

ob jec tive-nechanisns is  constrc i lmont  of xo t i ?n  r.n6 the s ":.io i s  l-hc 

e s s e n t i a l  e l enen t  i n  operat ion.  T!lus objectivo-nochr?nism corns  t s  i t 3  

own i n  operzt i3n.  Whereas it i s  only a  i s e d i u  f a r  tile t r - r n s ~ i s s i o n  ;>f 

f o r c e s  i n  locomotion. To put it d i f f e r e n t i y ,  i n  oper.-.tion constr ,- . ixe 

o f  no t ion  i s  t h e  'endt whereas i n  loconot ion  i t  i s  only .l 'news' f o r  



t h e  act ion of forces ,  The nachine process  as  we hwre conceived, 

r e f  o r s  only t c  opera t ions .  with an ob jectiyc-nechanim. Becuase the  

operation must neces sa r i l y  hove p r i o r .  b a s i s  i n  L P t h e  objective- 

raechnoisn ! lecessar i ly  nubst i  t u t e s  t h e  operat ive-aechnism of LP . I n  

t h e  cen tc r t  of loconotion,  on t h e  o the r  hand, t h e  i d e a  i s  e s s e n t i d l y  

@f us ing  n medium t o  f a c i l i t a t e  t h e  cppl'icotion. of force: One i s  essen- 

t i a l l y  the not ion of s u b s t i t u t i o n  whereas t h e  o t h e r  i s  a not ion  of , 

improvement. With t h i s ,  not ions  l i k e  t h e  objective-nechanisa i n  loco- 

metion az ' s imple nachinel cannot have 2 l o g i c c i  bas i s  i n  our d i scuss i sns .  

I t  pu t s  the  whole i d e o  of machine sqan re ly  witl l in tbc of opcr?t isn.  

6 Overview of Ideas  on Machinery: %is s e c t i o n  t r i e s  t o  

provide an overview of t h c  donj.n,mt ' i~ '?~u on nachf.ns.ry of s c i en . t i c t s  

r.nd lxisturians. Already i n  ?n e a r l i o r  3ectLon we have touched upan 

the views of philosophers ~ n d  s c i e n t i s t s  on'!,xinplu n?.chincstl. I t  hr:? 

been y i n t e d  out t h a t  our c o n c c ~ t i o n  of mrrchir~e-1:rccess 'p laces '  +!:e 

nachino i n  t h e  a r e a  of operat ion.  Here t h e  two keg  i d e a s  s e a  to  : ~ c  

( i )  t h e  tool-nachinery ~ s t i  nc t ion .  

( ii) t h c  s t r u c t u r e  of machincries . 
I n  t r a d i t i o m l  w r i t i l y s ,  t h e  t r e z h e n t  i3f t o o l  md ;lnchinery is 

f u l l  of s t c t e n c n t s  l i k e :  ' t o o l  -is a s i n p l e  :rcchinel rncl '~;c.cliino i s  .: 

compbex tool '  which c l a r i f y  neith_e? t h e  na tu re  of t o o l  nor ;;lie n-turr-. - 
of mehind. By adopt ing ca  e x p l i c i t  process view of ;reduction f r ~ n  

tho  very beginning we ovoid 2l1 pro?>lens of 3 p r i o r i s t i c  2bjoct cl..;si- 

f i c n t i o n  which see= t o  l i e  2 t  t h e  roo t  of t h e s s  kilulr f confusion;:. 

I n ' t h e  d i scuss ion  of a t m c t u r e s ,  s i z i l a r l y  t ho re  i s  2 lee:: 

rooted confusion of t h c  d i f f e r e n t  aspec ts  of t h c  ~ l c c h m i s r  viith t he  



nechanisn i t s e l f .  This,  ox seen n'jove, ~6ts cxprcsuoc? i n  thc  

i n d i s c r i n i n c t e  u se  of t h e  t o m  'u:lcXineryf 9rheth;>r i n  t he  c o i ~ t c x t  

.)f ' opera t ion '  o r  'ds tcminate-mtio '? '  y-d ' loc3!?a t ion1 .  I t  i s  3ill.:: 

i n  t he  contex t  of oper,?tions t h n t  t h e  f u l l  l o g i c a l  .:cnne of l '~ 'u>uc-  

n,cchine s u b s t i t u t i o n  i s  obtnined, and our  conczptn p r ~  f u l l  hcccl t n  

t h i s  idea.  

j l i t h  this g e n e r d  view of t h e  t r a d i t i o l l n l  wr i t i ngs  on i;,.cliinc~:r 

l e t  us take  up Marx. Mnrx was c r i t i c d  of t h e  kind ~f to01,nzciiinol';~ 

d i s t i n c t i o n  quoted nbovo. Logica l ly ,  h i s  basic  concc2t ?.ppc,?rn ts 52 

'nachinofncturo '  which plays  t ho  sme r o l e  as  our nachine-process. 

This  i s  only i n p l i c i t l y  def ine6  by Mnrx when he says ,  

Thus the working nnch im i s  a nec:l;ulusn which 
t h m u g l ~  the i o t r u n e n t i . l i t y  of t h e  t oo l s  nttnchcd ts  
i t  c a r r i e s  out t he  very s ,mc  operationv rrhich' t l lc 
nanual worker of t h e  f o r n e r  d2.y~ c a r r i s d  out  with t h e  
t o o l s  3f n l i k e  lcind (p.394, 1Ca.pit'"l) . 

The "wo'rkiq~-nac11ine'' of i.lai-x i:: coupnrp.ble t o  our  ob.jcc tPre-!n?chanisr? 

i n  operntion.  But i t  necds t o  ;lo nstod th? t  i n  Iiarx t n i s  "wor!;inr~- 

machine" i s  only n conponent of t ho  " f u l l y  C i .vo l~pc~ l  i~achinor!?' ?.s l:e 

c3nceivecl it. iTnfortuil~.tely, t h i s  conception qJpe?rs t o  be sub j c c t  

t o  the s,me kind of confusions urc liave td!ccd about: 

,111 f u l l y  developed nachinory corisioto of th ree  
e s o m t i : l l l y  d i s t i n c t  p a r t s ,  t h e  go to r  nnchino, tho 
t r n n s n i t t i n g  r:i~chnnisn, and t h e  ncchanisod t o o l  o r  
t h e  working nachine. ( p ,393) . 

Tnking the no to r  nnchine as  tho  source of not ivc-force thc  

>rorlciq-nachino a s  our ob jcc t ivo-nech ,mis  Mnrx' s f u l l y  deve l~pcd  

nachincr j i .ccvers  tile ur!lolc of opcrc t ion  . s  opposed t o  cn elenent  of 

i t .  Also, &ven t h e  opcrz t ivc-nec l~r~i i sn  .?nd the  r:,otivr;-force a s  two 

c l e n e n t s  of ope rc t ion  i t  300s no t  appenr p3~3i'310 t 3  segrt;i::~te trans- 



m i t t i n g  mechanism as an independent element, d i s t i n c t  f ron  the 

working-machine. Depending upon tno s p e c i f i c  source  of ;,owor mi 

t h e  na ture  of opera t ions  one nay be cble t o  l o c a t e  sone mec!lmisr 

a s  a t r ansmi t t i ng  mechanism i n  p a r t i c u l a r  cases ,  no t  i n  g e n e r ~ l .  

Fur ther ,  Marx C3es n o t  make any d i s t i n c t i o n  between ~ p o r - t i o n  

and locomotion (p.396). This  v i t i a t e s  h i s  account of t h e  working- 

m~ch ine .  'Phis has  i t s  r o o t s  b a s i c a l l y  i n  t h e  we,& s t r u c t u r e  u f  LP 

i n  Marx. Hence t h e  f r m e ,  es it is i n  Mars, nppecirs r a t h e r  ins4.o- 

qua t e  f o r  unde r s tmd ing  t h e  na tu re  of problems he  t & e s  up i n  t ho  

e v o l u t i o n  of  t o c h n o l o ~ y .  

I n  sum, we have attempted a t  v i e w i w  two key  i s sues ,  v i z .  the  

evo lu t ion  of t o o l s  of locomotion and evolu t ion  of t o o l s  of operat ion,  

i a  the. broader a r e a  of Soc ia l  T c c h n o l o ~ .  from -the mglc of LP. phis  

h a s  f a c i l i t a t e d  our throwing somolight on tho  no t ion  of  i:Ischin~-Prcco.;s 

t he reby  p l ac ing  i t  i n  s o ~ l e  l o b i c r l  order. Obviously, no h i s t o r i c a l  

exI j lana t io1~ a r e  attempted. 



P a r t  I V :  Emergence of .Forces  of Nature as  Mative-Force 
OR 

The R o l e  o f  S c iencc i n  t h e  ' ~ v o ' l & t i o n  'of S o c i d  
T e c h n o l o a  

1 . I n t r o d u c t i o n  

The s u b j e c t  ma t t e r  f o r  d i scuss ion  il t h i s  p a r t  is t h e  

emergence of f o r c e s  of na tu re  as motive-force i n  genera l  and t h e  

emergence of Stem-Engine a s  a prime-mover i n  p a r t i c u l a r .  ,As i n  

t h e  s tudy of t he  emergencC of MP, s o  i n  t he  s tudy  of emergence o f  

f o r c e s  of na tu re  t h e  concre te  ' ob j ec t s '  a t  our  d i sposnl  a r e .  the  too ls .  

I t ' i s  only through t h e m  t o o l s  t h a t  we can t r a c e  the emergence of 

f o r c e s  of na ture .  I n  t he  ca se  of MP, thou& we d id  touch upon the 

processes  'behind'  t oo l s ,  i . e .  t h e  ' n a k h g '  of t o o l s ,  our discussion 

was n o s t l y  confined t o  t h e  processes  'beyond' t o o l s ,  i.e. t h e  'using'  

o f  t o o l s .  He,re i n  our d i scuss ion  of t h e  emergcncc ~f fo rces  of nature  

we e s s e n t i a l l y  dea l  with t h e  processes  'behind' t oo l s ,  i n  other. words, 

t h e  t o o l  i s  viewed as o product.,-nd t h e  elements t h n t  go i n t o  i t s  

' malung' a r e  gone i n t o .  

Our s t a t i n g  po in t  he re  is e c l a s s  of products pad our 

collcern i s  wi th  t h e  processes 'behind' thez. '{hct l i e s  'behind' 

t h e  product i s  t h e  ma te r i a l  t ransformatioi l  corras?ondj.ng t o  n d e f i n i t e  

LP and LP i t s e l f  i s  an expression of n conponent of s o c i a l  traLitioi1, 

viz. technique, which w::s viewed a s  a u d t y  of kno~:lcrlge a n c l  ac t ion.  

Thus t h e  t r ac ing  of t h e  emergence of f ~ r c e s  of na tu re  ,2s mativc-force 

b o i l s  down t o  t he  t r a c i n g  of t h e s e  pro&1xtc: vhici: t u r n  i s  tb.0 

t r a c i x g  of t h e  evolu t ion  of lmoriledge ~ n d  z e t i , . ~ n  ir.  LP. Action i s  

n o t h i n g  but  tool. 'using' and t h e  s tudy  which hcs  been tnlccn up i n  



d e t a i l  i n  t h e  disc.ussion of the  cnergcnce of TIP c?i~eo:>oiids e o s c n t i a l l y  

t o  t h c  evolu t ion  af ac t ion .  What i s  l e f t  ou t  i s  knowledge as  a c m -  

ponert of technique l y i n g  'bcliind' thii too l .  Our discussion,  hcrc ,  

then, i s  to  c l a r g e  ex tcn t  on a t t c n p t  a t  t r - c inc  tk* c m l u t i o n  of 

knowledge of f o r c e s  of na tu rc  as expressed i n  thi. t oo l s .  

I n  t hc  d i scuss ion  of t he  S t r u c t u r e  of Labour Process  n d i s t i n -  

c t i o n  w a s  introciuced between 9 r a c t i c d  and s c i e n t i f i c  kinwlo[lce. 

Knowledge i s  afFer a l l  t h s t  of n a t e r i a l  t r z a s n c t i o n  or tch.mze '  i n  

na tu re  and as developed i n  t h e  e a r l i e r  d i scuss ion  thosc  c h a n ~ e s  o r  trrils- 

formationo. 1 5 : ~ ~  be c l a s s i f i e d  i n t o  two typos dc-pcnding uup.?n the r o l e  

of m ' s  do i rgs  i n  t h e  t r a n s f o m a t i o n s .  I n  tho case of tho trzs- 

f  orna t ion  which a r e  de teminod ( d e t c r n i ~ i n ~  r a l o  of hu:.:zn r r c t i ~ n s )  

by  human .actions t h e  k n o d o e ~ e  of the  t rm .~ fo rnn i ; i on  iz t!x,t ccinci-1 Cnt, 

w i t h  the  act ions .  T h i s  knowleclge nay bo cd loc l  gFr .c~ic;~.  kilcirl.;~l::c~ 

'I do i t  so  I h o w  i t  tyse '  . I n  , the  ca se  of fill nthcr  t r m s f  or%?.:;?. 2-x: 

t h e  knowledge i s  bnk ica l ly  th.?.t of n l t u r e  irrcspcctj.'r:, of o r  i n 3 ~ -  

pendent of ac t ions .  Such knowlecl~c nay be c?.llcd s c i M f i f i c .  Tnuz 

our  concern of t r a c i n g  thc  cncr,-cnce of f o r c c s  of m t u r o  tu rns  9u.t t ,  '1,- 

a  s tudy  t r a c i n g  t h c  r o l e  of ocicilcc o r  s c i e n t i f i c  knoirlo2.,-~ i n  t ! ~  

evolution of products which cone t o  occupy 2 Lsf i i r i t c  ;;lncc ill L> 2s 

t o o l s ,  t o  be exac t  ' t o o l s '  of f q r c e  supply.  

2. S c i e n t i f i c  kiiowledse i n  t h e  Ene rgenccg  F f r m b  of TTaturc 

The s ts t ing poin t  f o r  t h e  study a f  evolu t ion  ?;' t o o l s  i;;~:: 

n l rcady  been def ined i n  our d i scuss ion  of t o o l s  in tilt: s t ruc t t i ro  of 

Labour process. Thcre wc began wi th  t oo l s  not o n i r  2.s sr:.;,-na J? l - . ~ r ; ~ : r  

. L b u t  a l s o  zs products  of k b o u r .  I n  f z c t ,  thc  h u x A  br,C.y u n i t  i t n c i i  

was viewed as a  2roduct of labour .  F u r t h e r  on, i n  t h c  Adscussim. s f  



MP it wns nentioncrl t h a t  t h c  evo lu t ion  of 'extonr?od l i n b s l  h-xc only 

human a c t i v i t y  'behind' them, i.i. t o o l s  ovolvccl i n  t h c  nction. Thts 

emergence of T4P shows very c l e , z r ly  t h a t  t l l s  evo lu t ion  touclled upon 

t h e r e  n p r i m  brasis i n  hunan ac t ions ,  v i z .  opcrz.tions and loco- 

no t ions .  Once such a view is  tcllren the'so-c?L.leJ. sciencc-technique 

r e l a t i o n  boils 'doum t o  thc  evolution of '~3013 o u t s i d s  t h e  a c t i v i t y  

i n  LP. iis d r o a d y  ncntioncd what l i o s  behind the  t o o l ,  which i s  a  

product ,  i s  t h e  a c t i v i t y  i n  LP and the  knoriled,?e, i~nC! to  say t h a t  t lie 

product has  evolved ou t s idc  t h c  a c t i o n  i n  LP is  t o  s ? j  th?t  t ho  1;no;r- 

l eago  ly ing hehind i t  i s  not p r a c t i c a l  kno~rledge hut  s c i a n t i f i c  know- 

m. To he nope exac t  t hc  a c t i v i t y - t o o l  c i r c l e ,  i .0 .  e v n l ~ t i o n : ~  
..,. ~ ., 

, ... 
<.. , . . .. 

of  t ho  t o o l  i n  t h c  ~ . c t i v i t y  =>a evolu t ion  of tho  a c t i v i t y  7.s o v o l u t i ~ n  
.. . . . , . I,: ,. , .>' ., 

of the t o o l ,  discussed , c ~ $ e r  i s  .cut.; .. -. . Flith t h i s  t he  p r i o r  bcnis 
. . 

of  t h e  t o o l  is no nq rc  tino . h  bodi ly  l inlss  i n  r ~ c t i g n  but knorrrlcdge . , ,  . - .. , . ,  
. . -. . . 

of na tu re  . ,?nd,,~pl~.f.ocus,,lnelo-?n to bc c?irue.td t 3  t h i s  arc:>.. 30  
. .. ~ . . .~ .L. :- , . 

. ,  ,. 

much f o r  t h e  l o g i c a l  a c c o ~ .  
. . . . 

NOT<, l d t  u s  begin wi th  s c i e n t i f i c  lcnoiilr t ' p .  As c l~ .bo ra t e t  
~ . 

, i n  .the.stmc..WYc of Lchour Process t h e  'sun' of ob jec t s  ou ts ide  nan, 

i .e .  nnturc  forms t h e  ma te r i a l  condi t ions  c ~ f  l i f e .  J i ncc  thcse  '?bjcc.  
. . ~. 

a r e  e s . s c n t i d  f o r  t h e  sustcn,mcc of l i f e ,  n m  n c c b  t o  vic!,r nn-.turc 
- .  . .. . 

through thesc  n a t u r i n l  condi t ions  of l i f  e. ,Tllus f r o r ~  tlic rlnm of 

o b j e c t s  ou ts ide  h i n  such as S m ,  1;10011, S t a r s ,  .5r ,an$. w;tcr i x  
! 

r l i f f e r cn t  processes.  I n  a  s3ZlS3, t h o s c  ?.mrk tho be,inlens.s of 

s c i e n t i f i c  knerileclgc. I n  thp  course  sf sucln s~ecul-.tio!~:; n : ~ i  coilus . .. - . 

t o  i d e n t i f y  d e f i n i t e  fo rces  :>f n a t u r ~ s  Tho floruing w:.txn, -l'hi. L'139~ilv 

riincls 'an& tho  moxring - 2 n i m z l s  i r o  3 3 ~ 3  ~f t hc  f o r c c s  l - lmt i f ie l l .  



These-were the  f irst  fo rces  of na tu re  t o  encrcc -as sot ive-fbrccs  

i n  loconotion. To cove nrrn EZI~ o b j e c t s  needed by bin water  222 iii:?C. . .. 

were uscd f ron  t h e  very  c : v l y  t i n e s  by a v a r i e t y  ~f c r ? f t s  lnd n c i l r :  

Animals which i n  the boginrdng were l s i l l cd  f ~ r  t ho  n e e t  ruerc; Ircyt 

a l i v e  nnd used as c c r r i e r s  of burdens. These nnr1:the .bcgiminzs 

of t he  mergence of fo rccs  of n r t u r c  as  motive-foi-cos. 

The f o r c c s  of na tu rc  ncntioned above,. v i z .  cmiri?ls, f lWing.  

waters  mfi blowing winds have n l o w  history c s  o ~ t i v c  f ~ r c c a  stcr~ti.rA,; 

wi th  t h e  p r imi t ive  beginninks i n  loconotions.  The f i r s t  appe:7.rcnco 

of f o r c e s  of f i n a l  a d  watcr  a s  n o t i v e  f o r c e  i n  n ~ c r a t i o n  a r e  t o - > c  

soon i n  t h e  q i n d i n g  of corn. L e t  us b r i e f l y  go over the  energencc 

o f  t h e s e  f o r c e s  of nature .  

3.  Forces  o ~ h i n a l  

l le begin >rith an ina ls .  I t  is not n e c c q s n q  hero t o  co i n t c  

t h e  quest ions  of dones t ica t ion .  JC;U t h a t  i s  necessary f o r  our 

purpose i s  t o  co i n t o  t h e  t o o l s  which e w l v e d  i n  ordcr  t o  c q l o i t  

t h o  f o r c e s  of a n i n d s .  Thesc t o o i s  con broadly bc ? laced undzr t h roe  

heads: ( i )  Ctools '  which t r a n s n i t  t he  power f r o n  Cle .znincls :  t o o l s  

such as yokes an& c o l l a r s  belong $e hd&; ( i i ) .  ' t o o l s '  of con t ro l :  

t o o l s  such as nose r i n g s  m d  b i t s  bc-iong hero;  ( i i i )  ' t o o l s '  of 

p r o t e c t i o n  of t h e  .&pal: ' t co l s  'such a s  s.md-ls in2 shacs  belocg hero.. 

The c z r l i e s t  c n i n d s  exnloiteci f o r  power were t h e  oxcn. I n  t h c i r  ccs?: 

yoke md tho  nosc s t r i n g s  were adequate. But. tho  c x p l o i t a t i s n  ;!f !lor-? 

r c i s e d  i n n m c r 2 b l c  problcols. F i r s t i y ,  t h e  y3lce could nc t  Sc used. 

I t i s  t h e  inadequacy of the  y&u which necessi tnter l  t he  novenent 

a long breas t - s t rap  i p t o  tine pzd:ied co l l a r .  S i n i l a z l y  the inadequacy 



of t he  nose  riq neces s i t a t ed  t h e  n ~ v e n e n t  along b i t s  of v d o u s  

types .  F u r t h e r  t h e  horse  r c i s e d  m o t h e r  problem. I n  s e t  a reas  i t  

hobves decayed q u i t e  f a s t  a d  they needed proper r r o t e c t i o n  f r o n  tl 

cnvi roment .  I t  is  i n  t h i s  con tex t  t h a t  sandals  .ma shoes bccame 

necessary.  These developments l e d  t o  t h e  use of horse  a s  a b e t t e r  

sou rce  of motive-force a s  conparBd t o  a l l  o the r  n n i m d s .  

4. Forccs  of blind and l ia tor  

A s  t o  t h e  f o r c e s  of w i d  a f t e r  t he  Mtial bedinning i n  

sails olie seco it 'emer&ng as a d e f i n i t e  source of notive-force 

o n l y  i n  t h e  windni l l s  i n  t h e  l a te  12th  century i n  Northern Europe. 

Though e f f o r t s  have been nzde a t  t r a c i n g  this devolopncnt khro~igh 

t h e  T i b e t a n  revolv ing  prayor cy l inders  ind  Chinesc book-cases not 

nuch success  hds boen achieved. But i t  n'eeds t o  be noted t h a t  

dur ing  the  I n d u s t r i a l  Revolution wind was one of t h e  important 

sources  of power i n  ' Jes t  Europe. 

The emergence of t o o l s  f o r  e x p l ~ i t i n g  the  f o r c e s  of water 

s e e n s  to  be nore  widespread. The first nppenrance. of thc t o o l  i s  

i n  t h e  form of t he  h o r i z o n t d  Xorse wheel c o ~ p o s s d  of scoops nove2 

by n running stream. These were very slaw and d i d  not generate  

much power. The l a t e r  v e r t i c a l  wheels owe t h e i r  n m c  t o  a Iionan 

Engineer.  These wheels ,ire .crf th ree '  types :  thc  un4orshofr wheel, 

t h e  b r e a s t  wheel and t h e  ouvershot wheel. T i l l  about t h e  ten th  

cen tu ry  t h e i r  main use w a s  i n  gr ind ing  corn. I t  i s  a f e e r  t h a t  da te  

thiit they were i n c r c a s i q l y  usod t o  supply motive-farce f a r  t h e  

d i f f e r e n t  Machine-Processes. I n  f a c t ,  from then n till l a t c  18th 

and e a r l y  19th century  the water  nills of d i f f c r c n t  bjpes sprcad a l l  



over  Zuropc. I n  f a c t  dur ing  t he  IT: when the  s t e m  ci:;;inz erergerl 

a s  a s p r u r c e  of m o t i v e - f o r c e i t  had t g  f 3c3  con;ictiti;:n fr;in r.illc1 

rm2 wcter-mills. 

5. 'Link' Nechanisns 

The onergence of t h e s e  f o r c e s  of na tu re  a s  motive-forczs i n  

opera t ion  c a l l e d  f o r t h  developnents i n  two r e l a t c d  zrens. F i r s t l y ,  

t h e  type of no t ion  i n  whlch t he se  f o r c e s  g e t  expresscd :my nncit he t ~ c  

s a n e  a s  t he  type of detcmlinate n o t i o n  i n  tho  o p c r ~ t i ~ > n .  This c a l l ~ d  

f o r  the  developnent of ' t o o l s '  of convcrsion.  This is  an z r o n  t o  rukici: 

a t t e n t i o n  v r r s  c?rawn e a r l i e r  i n  t h e  can tex t  of f i r s - d r i l l  i n  tho d i s -  

cus s ion  of Machine-Process. I n  t h e  ca se  3f t h c  i r i l l  "hero qe?<;eJ 
l a t e r  

t h e  s t r i n g s  m d  t h e  bow....etc; i n  t h e  c a s e  of these/! / r~rcos  - ?f na tu r s  

cr,nnks, b i t  and brace,  coinound cranirs . . . . e t c  ccie:.~o:l i n  n e t i e v a l  

Europe. 

Secondly, it w a s  necessary t o  ensure t h e  c o ~ t i n u i t y  and rc,ul:.i-it::: 

of the  supply o f  fo r ce .  This was cchieved throuzh f l p d ~ o c l s  nnd z u c h  

o t h e r  n k c h m i c c l  go-rernors. So nuch regarc ing  :i?izds, wind m d  rr-.t:r 
. , :  

as sources  of motivo-force. Ncv? l e t  us  go 3n to  t r : a c ~  thi3 cner.::~!..~.; 

of s tem-onginc.  

The be@nnin,ys of Stem-Fngine con be tr::c.ed Seek t o  $!lo G t r e s s  

of t h o u a t  around two  ater rid donnins: expansiv.? para rc  o f  .+Ic-~L'T ;.LC 

vc.pour owing to  f i r e ,  m d  tho  atmospheric p ressurs .  Th:: :i,;.sic 'sbject; '  

f o r  t h i s  s t n r t i n g  po in t  were air, water  m d  f i rs .  N-ny events  ::ere 

observed ?round then by p r i n i t i b o  nnn 2nd n a y  r s l c t t a a s  werc iw.,$i?+i!. 

Tho c o r p o r e d i t y  of air t k c  a c t i o n  of p i r  !<?tor were pcrczivoil. 



Man becmie aware of f a c t s  such a s ,  (3) 'chat i f  on i nve r t cd  vcs sc l  

o r  tube i s  t o  be kep t  innersod i r .  --cter much f o r c c  need be a i ~ ~ l i c c l ;  

( b )  t h a t  i f  i t  is  vacuons water  florrs upw-rds. 3ir?il,-.rly hc c,-r:c t o  

know a good d e a l  about t h e  r e l a t i o n  of wcter wi th  f i r s .  The v lo l cn t  

n o t i o n  of water  and the sound produced whdn water  is boi led  were 

w ell-known . 
These pe rcep t s  ?ad i deas  seen t o  be at  t he  3ase  of aany 

produc ts .  The suction-pump seems t o  have ex i s t ed  i n  anc ien t  S m t  

t h e  two no t ions  bas i c  tb i t  a r e  t h a t  of vaccum m d  atnospher ic  pres-uJ 

L a t e r ,  i n  t h e  Greek e rn ,  Eero of Alexandria invented t h e  heo lgp i la ,  

automat ic  door-openers, dancing s ta tues . . . .u tc  mahing uso of sone ,f 

t h e s e  proper t ies .  I n  a11 those ,  t h e  ma te r i a l s  m d  ncchnnisms c s n s i s t  

o f  water  and air i n  t h e i r  r e l a t i o n  t o  f i r e .  E i t h e r  s tcm-pressure  

i s  d i r e c t l y  u t i l i s e d  o r  vacuum i s  c r ea t ed  a d  ntnosphoric prossure  

i s  u t i l i s e d .  

About 2000 y e a s  after Hero 's  exporinents  wi th  s tem-pressul-e  

i n  meciiev,il Europe i t  comes up f o r  s e r i o u s  cons idc rc t i sn  aspin .  

Sa lonon  Do Cons Seeas  t o  be t h e  first t o  h i t  upon t h e  i d c a  of 

app ly ing  s t em-p re s su re  f o r  punping water.  Ed.ward, second Marquis 

of ' l o r ce s t a r  t o i l e d  with the sane  idea.  Denis Pcpin under t h e  Royal 

S o c i e t y  took up a nore  s y s t c n a t i c  s tudy  of s t e m  and cane up with t he  

"Digester" .  Is his paper on "A Neur Method ~f  Obt'aining very ,grer.t 

noviry; powers a t  s m a l l  cos t"  he observed: 

I f e l t  c an f iden t  t h a t  machines mizht be 
cons t ruc ted  wherein wa te r ,  by ne,ms of no very  in tensc  
he;,t nnd a t  s n ' d l  cos t  n igh t  produce t h a t  p c r f e c t  
vacuum which had f,ai.lsd t o  he  o b t ~ n c d  by De.-ns of 
gunpowe&s. 



But t h e  quest ion,  how was t h e  i d e a  t o  be r e d i s e l  i n  .2 p r ac t i cab l e  

working nnchinc w a s  n o t  solveri. till Savory c'mc up i:ith h i s  ::uL?F. 

S a v a r y t s  p u p  cons i s t ed  of ?. c y l i n d e r  which was n l t e r m t i v e l y  fi l locl .  

with s t o m  from m adjo in ing  b ~ i l e i -  an(1 wi th  t h e  cold water  f ron  tho  

well. Tho c y l i n d e r  had two va lves ,  one o p s n i q  i n t o  t he  to&, ind 

t h e  o t h e r  opening out. Uhen the  cy l inde r  w.m f i l l e d  wi th  s t e m  f r o m  

tho boi1Cr.r. and 'suddenly cooled by co ld  water ,  n vncuum w,w created.  

The valve opens i n  ,?nd water  gushes i n t o  t h e  c y l i n d e r  by a tnosphcr ic  

pressure .  'Then t h e  cyl i i lder  wrss n e ' s l y  f u l l  s t e m  wr.s l e t  i n t o  t he  

cy l inde r ;  t he  va lve  opens out because of s t em-p re s su re  wc2ter wm 

fo rced  t o  move up through the  y ips .  I n  Save ry f s  punp s t e m  was use3  

t o  c r e z t e  3 vzcunn i n  t he  c y l i n d e r  a s  d s o  ste,m-pressure w s  usee  t o  

fo rce  the  uratcr up f r o m  t k c  cy l inder4  

Ncxt i n  l i n e  v?s New5cnents se l ia ra t ion  of tho engine f ron  t he  

p m p  by in t r aduc ing  p i s tons .  21 p i s t o n  .:Jas f i t t e d  i n t 3  t he  suc t ion  

nil6 f o r c e  pun$. Another p i s t o n  w s s  f i t t e d  i n t o  . t he  cy l inder .  The 

two were connected by a  bmn  wi th  c counter  weisht  gn t he  pis toi l  rxl 

of t h e  punp. S t e m  was forced i n t o  t h e  cyl i i ldcr  f r m  below, t h e  

cy l inde r  was cooled and vncuun 7 ~ n s  c rea ted .  Tho pis-ton was forced 

clown by atnospher ic  pressure .  The uprvord no t ion  wcs due t o  the  

counter  wci&;ht 3t tho  end of t h e  bem.  Ne,wc~menfs en;ilie worl:.!:~d 

e n t i r e l y  by t h c  p rc s su re  of a tnos?here;  s t e m  bein;; used only ?s thc  

n o s t  e f f i c i e n t  nctliod sf producing vacuvn. 

J m e s  Matt  conbined the  i d e m  of S . - ~ ? r y  ,mi1 ITewcoaon. 3y 

u s i k -  t he  p i s t o n  he  s e p c m t e d  thi- engine f r o n  t h e  ?=p. i l s o  he Tins 

ve ry  p r r r t i cu l a r  about t h e  scpcr- te  b z i l e r  ::.t 3 s u f f i c i e c t  d i s t ance  



f r d m  the  .vesse l  .md p is ton ,  so t h a t  t he  boi1i)r .  could be kopt hot  

through out. .Secondly, he e l iminated t h e  r o l e  of atnospheric 

p e s s u r e  i n  the '  engine. Both t h e  ugwzrd snd the  dor~nvzrd motion 

of t h e  p i s  ton  w a s  f a c i l i t a t e d  b y  steanlpressure.  Thirdly,  by i n t r o -  

ducing t h e  sun 3ncl p lane t  wheels t he  to-and-fro n o t i o n  of the  p i s t o n  

was converted i n t o  r o t d r y  notion.  The t l i i r d i n  particu1c.r converted 

t h e  s tem-engine i n t o  3 general  purpose prime-mover. 

We ziay c o n t r a s t  t h e  emergence of t h e  Stem-Engine with t h c t  

of t h e  energence of Machine-Process. Energence of IIP was viewed as 

a c e r t a i n  cu ln innt ion  of t he  tools- in-act ion whereas the  evolut ion 

of  t he  Stek-Engine i s  viewed b a s i c e l l y  ou ts ide  t h e  ac t ion  domain. 

Energence of steam engine is  the s t o r y  of t he  knowledge 2nd use s f  

atmospheric p re s su re  and s t e m  p res su re  i n  very  ncny ways. The m a t t e 4  

. fo r  contemplation f o r  t h e  i nven to r s  were no t ions  such :IS atmospheric 

p r e s s u r e  and t h e  wmerous p rope r t i e s  of s t e m  pressuro which a r e  

c l e a r l y  knowledge of t h e  'ou ts ide '  m d  not of t h e  n a t c r i a l  ob jec t s  i n  

ac t ion .  This i s  t h e  bas i c  C i s t i n c t i o n  between the  evolu t ion  of 

Nachine-Process and S tean-Engine. 

The above account of the  energence of f o r c e s  of nnturo i s  only 

a p a r t i a l  account ,as it c o n f i m s  i t s e l f  t 3  t h e  evolution of not iuns  

r ega rd ing  ' events '  i n  na ture  and the  cancept ion b f  products which 

c m  be used i n  dc f ' i n i t e  L2s as too l s .  Th2 a c t u a l  o r  concrete  encr~:cnc~ 

o f  t he  products, i .e .  %e r e d i s a t i o n  of. t h e  i d o c  i n  r: pr,?ctic;l'?le 

o b j e c t  is very  much conditioned by the  ' t o o l s '  exis t ini ;  as  of *st 

t i m e  a  connected account of  t h e  evolv.tion of which w ? s  not gone i n t o  

here .  The above account w a s  a s i c d l y  concerned with thc ro lo  of 



"Elcience i n  the  conception of products.  1s t h e  r e a l i s a t i o n ,  i.e. 

' the movenent f r o n  i d e a s  to  products ,  i s  condi t i sned  by tho  s t a t e  

of  the  "cools' i n  ac t ion ,  s o  a l so  t h e  mover;lcn> f r o n  croAucts t o  

t h e i r  use as t o o l s  i s  condi t ioned by t h e  socio-econonic background. 

This again is l e f t  open. 

With t h i s  t h e  d i s c u s s i o n  of evolu t ion  'of techgiques t o  a e  

IB is ,conplete. Both t h e  processes ,  v i a .  t h e  process  "beyond7 and 

t h e  process ' behind1 'the t o o l s ,  a r c  gone into.  i.!rrP& ~ c ~ 8 & Y ~ 1 5 d  ; s c i c w  a- 

technique r e l a t i o n  has  s u f f i c i e n t l y  'been c l a r i f i e d .  



P a r t  T: Views on Indus tri-d Revolution 

What has been a t t e ~ 2 t c d  i n  .the l o s t  f ~ u r  p a r t s  of k\is pa;>cr 

i s  a c e r t a i n  view o f  t h e  e w l u t i o n  of Soc ia l  Technolorn t o  tho IX 

from the angle of L? a s  developed i n  The S t r u c t u r e  of Labour-lrocess. 

Having completed t h a t  t a sk  i n  t h i s  p a r t  we attempt a b r i e f  review of 

some of t h e  v i e w s  of two doninant schools  of thought on IF.. Them i s  

no claim t o  a comprehensivo coverage of each of t h e s e  schools.  

1 .  Science-based -Technolorn T iea  

One of the  schools  of thought s e e s  t h e  ntcm-dnginc as t he  very 

essence ofr'IF, nnd i ts  c o n c o m i t a n t  Modern Industry" .  I n  a n u t s h e l l ,  

t h e  running theue is t h a t  t ho  ste,m-engine is  tho  "very c e n t r a l  case" 

o f  a genera l  s c i ence  based tec:inolom. The l i n c s  a l m s  whicn the 

science-technology linlc i s  e s t ab l i shed  i s  given bolow. 

Thz r e v i v a l  of s c i ence  i n  t h e  f i f t e e n t h  ma ' s i x t e e n t h  c e n t u r i e s  

was e s t ab l i shed  on a fin b a s i s  by the works of Gal i leo  and F l e n i n ~  

S tcv inus .  T h e o r e t i c d  l-,nowledffo wos f u r t h e r  advmced by the  c s n t r i -  

b u t i o n s  nf Newton, Hoolcc, Boylc, Gusrickc Black, ilcnis P in ,  Savcq- 

,md many o thers .  I t  i s  t h e i r  work which nadc n v ~ l a i ~ l c  knowloclgc 

3f t h e  phys ica l  world arid deeper s e c r e t s  of nature.  Theso discovericci 

po in t ed  ou t  m n y  new sources  of power and 2oss ib l e  ways of exp lo i t i ng  

t h e s e  sources. Thus by about l a t e  seventeenth cen tury  mclimentmy 

knowledge of .&& and j r c s s u r e  were nade avc i l ab l e  which a re  a t  tho 

ve ry  base of s tem-engine.  The noteworthy n m a s  i n  this s p e c i f i c  

c o n t e x t  z e  those of Donis Papin ,uld Snvery. 

The discovery sf new sources  of power ,ma the 2 r i n c i p l e s  around 

i t  were only the  s t a r t i q  points .  I t  tools almost one hundred years  



t o  come up with a workable s tem-enkine.  Teclrnicd. c l i f f ic i l l t ios  

cane i n  the  w~y .  I t  i s  here  th3.t the  o the r  aspec t  o f  sc ience  cones 

t o  the fore. The progress  of s c i cnce  depended on 3ccuratz  observ:l- 

tions, Thc awmeness t h a t  unaided hurzan senses  a r e  i a d e q u a t e  

t o  explore the deeper s e c r e t s  of na tu re  l e d  to the  invent ion  of many 

s c i e n t i f i c  instnzments. The fus ion  of scarcc  t echn ica l  s k i l l s  necessi-  

t a t e d  for  the.  nakingoP%hc30 i n s t r u n e n t s  removed ncny techrLcjL hin-  

drances t ha t  stood i n  ihe way of t h e  emergence of stem-eng5ne. The 

important nane t o  4e mentioned i n  t h i s  s p e c i f i c  context  is. t h a t  o f  

Janes Watt, 'Mathem$tical Inst rument  M&ert t o  Glz-sgow Univers i ty .  

Also, t he  emergence of new power sources  brought with then incre-sed 

l e v e l  of accuracy paving t h e  wzy f o r  e d v ~ n c e s  i n  sc ience  md  technology. 

The g i s t  cf t h o  a g u n c n t  i s  brought ou t  v e r y  s l~arply, in  Hicks: 

The impact of sc ience ,  sk inu la t in t .  t h e  tcchni-  
c i m s ,  develcping new sources  of powcz, u s ing  power 
to c r e n t e  more thew h w a n  accuracy, r e l u c i r ~ g  t h e  c o s t  
of machines u n t i l  they were a v a i l z b l e  f o r  2 n u l t i t u d e  
of purposes; t h i s  s u r e l y  i s  t h o  cssciiti:.l novel ty ,  t he  
e s sen t id l  revolu t ion , .  . . . . lp.l 48, 3cononic History)  . 

It i s  c l e a r  t h a t  t h e  above view i d e n t i f i e s  t h e  I R  w i t h  t h e  

emergence of t he  new source of power, viz .  s t e m - c n a n e .  This viow 

of I B  revolves around the  developments i n  the  fo rces  of na tu re  ignor ing  

t h e  mergence of machine process a l toge ther .  This hc,s a t  i t s  basc 

a ce r t a in  view of production and mm's doinss c d r r c a t  i n  l i es t  Euro7c 

from the 16th - 17 th  cen tu r i e s .  Eventhough t:-~csc c !? j s  enc dacs n,>t 

f i nd  such systematic  d i scuss ions  on yro&dctian mi! nnn's doings t52 

r o o t s  can c l e a r l y  be t raced  ( s e e  q p e n d i x  2 ) .  I a  2 i ~ u t s h e l l  the  

t o t a l  riew b o i l s  down t o  t h e  following: N,-"ture supp l i e s  t h e  i l n t t s r ,  

i.e. objects;  m a n  n e r e l y  moulds then. I n t h i s  n u l 2 i n g  g h ~ t  hc c.m d3 



i s  t o  move things towards one 'mothor or awcx iron unc mothcr. 

Rest i s  a l l  done by nsixrc. I n  moving things man applies muscul~r  

strength ; cons equmtly  evolution of techniques i s  tho J.iscov~?rinj of 

sources of power i n  nature and us in^ them as a subs t i tu te  for 

nuscular strength. A s  i s  c l ea r  fron our own discussion of Labour 

Process, t h i s  i s  a p a r t i d  view of man's doings. Oonsequently the 

view of evolution of techniques i s  also p a r t i d .  

2. The ~achinery-p evolution Vicw 

N o - i  l o t  us tdce up the other dominant school of thought. 

A t  the centre of the ~ t h e r  school ,of thought i s  Marx. He traces 

the emergence of stcan-engne as 3 derivative of the machincry 

system and not as the basis. His in terpreta t ion of the case res t s  

on a larger  view of produuatidn 3s nan-n~.ture i n t e r z c t i m  ?nd technology 

as  man's mode of dealing with nature. This via-fi' enables him t c  

capture the essence of I R  i n  nachinz-factory. The essence of th i s  

revolution i s  the displacemeat af division ~f labour by machineqy 

as the  prinary; basis of tech'hicd ohmges m c i  hence the focus of 

inno-zations. This concs out shzrply in:  

I n  nanufacturc, the revolution i n  the zode 
of production begins with la3our-po+rer i n  larce- 
sc,ile industry i t  begins with the i n s t m c n t s  of 
labour (p.391, Capit21 I ~ v e r y n m ) .  

I n  manu-factory the revolution i s  i n  the detai led division 

of labour ulc? i t s  skil l , -ff loe~ccnce.  I n  nachino-f r?ctay tho rcvolu- 
t ion  is  i n  the emergence o f  machinery as a 

f system engulfing la rger  and la rger  domain of thc :ct ivi t ies of 

labour. This t r m s i t i o n  is mace possible by tile avai labi l i ty  of 

s k i l l e d  nechcinic a1 workmen i n  t l ~ c  nnnuf 2cEurin~: poriad. Th2 

immediate f o d a t i o n  o i  nachino-factorg, thus, is- zih-lloc50ry: 



But the  d i scove r i e s  invsn t ions  of ''I,?.uca~~s;ln, 
krkwright, YJa'Gt, o thors ,  were only poss ib le  bec?.use 
these i nven to r s  found reedy t o  hmd o, n m b e r  of sl.cillcii 
mechanics who were placcd a t  t h e i r  d i sposa l ,  thanks t a  
t he  nanufnc t u r i n g  period ( p. 404, ~ v c r y n m )  . 
Thus nanuf ac tory  produced machinery. I T ?  t h  2-ic'nincry orcs.nlscl 

a s  a system the  inst ruments  of l cbour  s t r i k e s  down the  1r.bourer. 

The unsteady hand o f  t he  labourer  cones to  he reijlacscl by n piccn 

of iron.  The human f o r c e  fails t o  com2ly wi th  t he  ;timdnr-ls sf  

machinery systen.  This nakes i t  imperat ive f o r  t he  forcco ) f  r - ! t ' ~ r c  

t o  takeover. The invent ion  of s tem-engine  requires t o  -3; viowocl 

i n  t h i s  context :  

Thc s tem-engine  i t s e l f , .  . . . . . lit not i n  those  
days give r i s c  t o  any i n d u s t r i d  r e w l u t i o n .  I t  w - s  
thc  c r e a t i o n  of n e c h h s e d  t o o l s  rihich n?.f~e n rcvol-A- 

I 
t i o n  i n  t h e  form of stew-en&nc n c c c s s q -  ( ; ~ . 3 4 6 , ~ v e ~ ~ ~ ? 1 : )  . 

t h e  p o s s i b i l i t i e s  of large-sc a l e  opened up by p r i ~ a q , r  f  7.c : Yi :,!: 

i s  the  machinery sys t en ,  i t  i s  only  ,a dc r ivn t ivo  not  t h s  bas i s ,  

' 9 
,Is i s  c l e u  t h e  whole enphasis he re  i s  -)n th;. r,l".chiz-prt;( ...L: 

and stem-engine oe o the r  fo rces  of na tu re  a r e  si?cn j=eru ly j  -..T 5 

d e r i v a t i v e  of t h e  machinery sys ten .  Ls aevcl3peL i n  2.x '.;.isc;.;?,:j . .. 

of MP it 5s c l e a r  t h a t  nnchine-procass :>rcvirles t:le :lW~S-i-is ?>2 :.I: 

'use' of forces  of na tu re  5 s  mo t ive - fo rc~s  i n  o;-ir.?"ti3n. But - ? I , -  ': 

i n  i t s e l f  does-not  expln in  t h e  procosscs  .jeEc?. t:..~ ?ELT:;J31>;1 ;i 

t h e s e  fo rces  o f  na ture  i n  t h e  f i r s t  i n s t m c z .  .L1lL t h i s  i s  r-h??; i s  

l a c k i n g  i n  Marx's d i scuss ion  of t ho  subjec t .  



I n  the  l i gh t  of these two d o n i n d  viewpoints let us 

look nt  our awn approach. The view fron the angle TC LP has 
, ~. . . 

facil.i,tat.ted our identifying cert.&n uni t i es  and subunits. Conse- 
. . . .  - .- 

queritly'our view 6ff- I R  is '  a l s o  i n  'terns of these unitio;, the 

<ar t icu la r  uni ty  being .that of operitive-nechmisn ond. notivo- 

force. This -view, i n  n sense, accommodates both tke above 

viewpoints of I R  md provides a co t c r in  'structure'. 
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The VIorlrs end 11ritin;;r; of " a i i l e o  G z l i l e i  from t h e  
standpoint of t he  Study of S o c i d  T-chnolor<? 

1. Background 

The contex t  of our i i l t e r e s t  i n  t he  worlcs of Gal i leo i s  E. 

c l e a r  uhderatanding of s o c i a l  technology. S o c i a l  Tec i :no lo~~-  i n  
i t s  essence is  what ge t s  expesned  i n  concrete  lo.'urs.r-2rocesce~. 
Now any understanding of - iocicl  tec5nolofl  i s  iaconpl.ete \ i iLiout 
some attempt a t  coming t o  gr ip8 7)rith the  rn3chiae:ry question.  This 
i s  also basic  t o  a c l e a r  - ,mCLers ta ld in  of such processe:s r e l a t e d  t o  
s o c i a l  -technology a s  t r a i n i n g ,  sk i l l - fo rnn t ion ,  s u b s t i t ~ z t i o n  and e l i -  
mination of p z r t i c u l a r  aspec ts  of labour-;rrocesses. I t  i s  e s s e n t i a l l y  
f r c z  tkLs s tandpoint  t h a t  rfe ; izw Gal i l eo ' s  works an& 1-rritings. iiur 
exposi t ion of the  bas i c  concei;ts draw Yneir s t r e ~ g t h  3n!l v i t a l i t y  from 
Gal i leo 's  conalusions,  d i r e c t  zqd indirs:>ct, i n  our own f i e l d  of 
i n t e r e s t  ( s o c i a l  technology),. However ,an a p ~ r e c i a t i o n  of those con- 
c lusions neces s i t a t e s  some f a m i l i a r i t y  w i t h  Galileo':: :iorkr i n  the 
f i e l d  of other  sc iences  2s s e l l .  I n  the f o l l o v ~ i n g  r,nges we ;x?o:)osc 
t o  bring i n t o  sharp focus h i s  ruor1:s which a re  r e i e v m t  Cor ,? c l e a r  
unders t ,nding of s o c i a l  tec11no:ogy on the b?.sie of ?n o v e r a l l  con- 
cep tua l i s s t i on  o f  h i s  general  rvorlrs. 

Let us now g ive  r. 3 r i e f  s-mmary of' G a l i l e o t s  con-:rihution. 
The subject  n ~ ~ t t o r  9: "ir,?-iL;gl:. coritelrplntions e* ' i e~dsd  from iEic 5'1.3, 
l.!oon, and the i3lanetary bodi::r: on tl:e one h~3.112 t o  Light ,  he.nt, souna, 
a ir ,  wr.ter ,-ad s o l i d  bodie': ai:. t h e  o ther .  Ea  . i - ~ ~ , d .  very' .d-ef i r~i te  i d e m  

. . on a l l  ->hese n,-:tter;s, . .  ; :li.jjr i ~ a r k s  ~ ~ 2 . c .  i a  .A3tmn3my -ad t l la  
s c i ence  of 1.lechanics. 

Galileo conducted. e:r-zriments to  a $ c e r t d n  the  ";ti; bout 
.-.I1 these matters.  :T!leli .%il',.ertts :~orrk sn  ul.y?lctism -;lr.c.red, he  
conducted cxperinents  to  ascext ,un  thc  tmtk of G i l b s r t ' s  s s e r t i o n z .  
9 e  wcs aware of %e f a c t  t i : l t  soun& tr?.vll.s nore i10i:ly tl'.m l i g t ~ t .  
T O  t e s t  the  propagetion of l i .zht  he'conducted. an >:l~ri;ae?-:t riitil t w o  
i'x:?erimenters, oaoh with  n l a t o r n  s t r ~ i d i n g  op2osi te  '1-3 zzch o the r  
?t n d i s t m c e  of a few miles ,  admit t ing 2nd .shuttin:: l i g h t  2nd sooilx.: 
whether time i s  requi red  f o r  t he  proljagation. Bc:.m~sa of thc s h o r t  
d i s tances  involved Cn1ilc:o coulcl not COL:? t o  cny 4ef i ;z i te  a~nz l i i s i tmo.  
These r e f l e c t i o n s  o n  l i g h t ,  sound, heat. .  . . .piid t he  l i k -  >.re si:rinl<led 
over  t h e  length .?nd breadth of i - i s  major xorlrs on :Lstrorioily .:~-d 
hechanics .  

I t  i s  commonly s a i d  t h a t  t h s  new s t&  of 1 5 0 i  ::!:?n;ad 1bl.e 
cou r se  of C a l i l e o ' s .  l i f e .  The i m p o r t : ~ c e  of t h i s  ~ t n t c n z n t  l i e -  - 
i n  t h e  3-.ct t h r ~ t  proboblg before  1504 Gzli leof  s ? o s i t i > > n  w w  no t  
Tory d i f f e r e n t  from the C1-.en cu r r en t  ,:ristotelizns. I n  f a c t ,  fo r  
s a v e r d  ye.ar:-: hc. t ac&t  tbe 2 t o l e m d c  systen i n  the  University. 
3 r i s t o t c ; l i c n s  nede 3 c l e c r  $ i s - , inc t ioa  :3jt.uretn ce l e s i i - . l  211d 
L ~ . c r r c s t r i d  bodie;.. They neint ,? ined that- Z a t h  i s  i m o v & l e .  



I n  accordance wi th  t hese  doc t r ines  comets .and novae were tiiouglit 
to,  4e  of sublunary chzractor .  fAout comets G ~ l i l e o  d i d  not  hnve 
much of a  doubt; but wi th  t h e  appemaace of t h e  riew stcar i n  1604 
h e  thought t h a t  t h e r e  i s  s u f f i c i e n t  reason t o  din;:gree rrit'n t h e  
A r i s t o t e l i a n s .  He weited f o r  .m' o p p o r ~ n e  moment t o  expoa1d 
convict ions .  The te lescope which he made i n  1609 c m e  i n  handy f o r  
t h i s .  purpose. He went on accwmilnting " i r r e f u t a b l e  csd tangib le  
proof". 

With t h e  backing of those observat ions  he c m e  up t o  r.ttack 
t h e  A r i s t o t e l i a n s  and Ptolemy and t o  uphold t h e  Copernican system. 
H i s  first e f f o r t s  were d i r ec t ed  a t  des t roy ing  the celestial - t e r r e s t r  
d i s t i n c t i o n  maintained by the  A r i s t o t e l i l n s  and t h e  theologians.  
Once t h i s  d i s t i n c t i o n  was done away wi th ,  "n.11 t h i n g s  were equa l ly  
phys i ce l ,  ,md a l l  equa l ly  divine".  The moment ?11 these  bodies were 
brought  t o  t he  same l e v e l  he could a?ply the 1mrs of mechanics d i s -  
covered by h i m  t o  t h e s e  very c e l e s t i a l  bodics. 

Thus t h e  s t m c t u r e  of t h e  Gali1e.m theory of c e l e s t i d  bodies 
'has laws of mechanics a t  i t s  base,  t he  r e s t  cont::iiling r e a l l y  of t he  
a p p l i c a t i o n  of t h e s e  laws t o  t ne  elements concerned. This lo&::nl 
s t r u c t u r e  of t h e  theory w a s  obviously not  comp?.tible wit11 L epler '  s 
laws,  and t h i s  i s  probably what made him ign0r.e t he  l a t t e r .  I n  t h e  
l i g h t  of h i s  own observat ions  :md t h e  1ogic .d  s t r ~ c t u r c  of h i s  theory,  
he  could draw Gery d e f i n i t e  conclusions from s comparison of two systen. 
t h e  Copernican an6 t h a t  of ptolemy. 

3. Mechanics 

Gn l i l eo l s  g r e a t e s t  con t r ibu t ion  t o  t h e  scicrice of mechnnictz 
l i e s  i n  br inging about n  r e c o n c i l i a t i o n  between t h e  -Lwo t r n d i t i ~ , ~ ,  
t h e  Archimedean and t h e  Aris tole l i rul .  H i s  predecessors i n  t he  
Archimedean t r a d i t i o n ,  v i e  Guido, S t e v i n  .md other.?, r e j ec t ed  

1 t h e  dynamic approach a l toge ther .  ~ h c y  112d imnginnry logici l l  o>s.b?21::" 
t o  the  u n i f i c a t i o n  of s t n t i c s  and dyn'amics. On thc  otl icr  hand 
d r i s t o t l e  took motion t o  be t h e  p r i n c i p l e  of nz"ture -ad w..rs canc.;rlcL 
w i t h  the r e l a t i o n s  of movers and th ings  noved. G'alileo agreed riiJ;k 
A r i s t o t l e  on t h i s  go in t .  He swept t h e  s t a t i c  a~proac.c!i w i d e  ..:hen 
h e  wrote: 

"And s i n c e  t o  mdce the  =eight  B descend m y  
m i n i m a l  heaviness  added t o  i t  is  s u f f i c i e n t  we s l iz l l  
lenve ou t  of account t h i s  i n s e n s i b l e  q u ~ i . t i t y  and 
s h a l l  no t  d i s t i n g u i s h  between the  power of o::z w e i ~ h t  
t o  s u s t a i n  another  and i ts  power t o  move it" 
(p.155, On ::Iechanics) 

Thus what seomed t o  h i s  predecessors  i n  t he  . . irchim~dem 
tr:.dition 'an i m a g i n a r ; r l o b i c ~ l  obs t ac l e  b e c a e  Por G:--lileo a  uni?yi:lg 
l i n k  between s t c t i c s  and dynmics .  

To g e t  an i d e a  about h i s  con t r ibu t ions  we shsuld s e e  what 
h i s  "Two New Sciences"  are:  Thc importance of this work could be 
grasped by the  fo l lowing  -passage t o  be found i n  t h e  book, "27- His tory  
of t h e  Theory of E l a s t i c i t y  And of t h e  S t rength  of ' lc ter ia ls"  by 
K .I'onrsor? ,md I. Todhunter:' 



". . . . . . . This din1og"le both frolil i ts  C O ~ I L C ~ I ~ S  
,and form i s  of !gre?,t h i s t o r i c n l  i n t e r e s t .  I t  not  only 
gave the i n y l s e  but de t cm~ined  tho d i r e c t i o n  of a l l  
t he  i n q u i r i e s  concerning tha  rup ture  ~nd strcnii;t3 o f  
be,u?s, w i th  which t h e  pLys i c i s t s  2nd i iathemctici~ans,  
f o r  t h e  next  century i ) r i n c i ~ a ' i l y  busicd thec.?elxs.. . . .' . 
The f i r s t  of the  sciences  d e l l s  wiith t h e  s i z e ,  s t r u c t u r e ,  

and s t r eng th  o r  r e s i s t n n c e  of mat ter .  G d i l e o  pu ts  tho  qucstxon 
very s u c c i n t l y  i n  the opening cages of h i s  "Trro New Sciences": 

" ....... s t i l l  t h e  mere f a c t '  t h a t  i t  is  ma t t e r  
mnkes the  l n r g c r  mnchine, b u i l t  of t he  s<-me ma te r i a l  
and i n  t h e  same proport ion as '  the smal ler ,  correspond 
with oxnctnoss t o  t h e  smal ler  i n  every r e s p c c t  except 
t h a t  i t  w i l l  not  be so s t r o n g  o r  so r ~ s i s t a n t  ns a g ~ n s t  
v i o l e n t  t r ea t s l en t ,  t h e  l a r g e r  t h e  nachine, t he  g rea t e r  
i t s  we&ness". 

11h.t he does i n  t h e  ncxt.  f e w  pages is: 

" d e n c n s t m t e  by geometry t h a t  t h e  l n r g c r  
machine i s  no t  i~roport ionztel3r  s t ronge r  th~n  the .. - 
smaller..  . . For  ove.ry nochine m3. s t r u c t u r c ,  whether 
a r t i f i c i d  o r  n a t u r a l ,  t h c r e  i s  c necessclry liiliit 

beyond which n e i t h e r  art nor nn turo  can pass;  i t  is  
here  understood, of course ,  thlct t h e  n a t c r i r l  i s  the  
s a ~ c  m d  t h c p r o p o r t i o n  prostrvcd" . ( ~ . 3 ,  Two New 
Sciences) . 

"From what has. l r e a d y  bean denons t r : i t cd ,  you. 
can pic-inly s e e  t h e  i m p o s s i b i l i t y  of incrcnoing  the  
s i z e  of s t r u c t u r e s  t o  vas t  dimensions e i t h c r  i n  a r t  
o r  i n  na tu re ,  li!.cercise t h e  imposs ib i l i t y  af bu i ld ing  
ships ,  'palaces ,  o r  t e a p l e s  of enormous s i z e  i n  such 
a r i , ~  t h a t  t h e i r  oars ,  yards,  beans, i r ~ n - ! ~ o l t s ,  
i n  s h o r t ,  a l l  t h e i r  o t h e r  p a r t s  w i l l .  hold togetb.er; 
nor c a n n a t u r e .  pro'duce t r e e s  of sTtr?-ordin.rj s i z e ,  
becz.uSe t h e  b rmches  would bredc down iuld?r t h e i r  o m  
weight.. . . . . ' ( p. 130, Two New 3ciecces)  . 
From the  above two pas sages  we g e t  zn i d e a  2'sout Gc l i l eo ' s  

treatment of t h e  s ize-s t ruc ture-s t rength  r e 1 z t i 0 3  i n  r.:-.tt.zr i n  dl 
i t s  complexity. He showed t h a t  wi th  nny given '3truc.turc thc streng$h 
o r  res is tmcc:  o f  tll e  n n t c r i e l  decreases wi th  .insre-sinr; s i z e .  

I t  w i l l  be noted t h a t  i n  the derconstration z ivec ,  conp~,nrzbil i ty 
requires.  t he  s t r u c t u r e  t o  be held Fixsd ?nd s i r e  t3  3 2  v::.ricd. Thus 
f o r  ana ly t i cz l  purposes i t  i s  o f t e n  neccsac?.ry-t'> hold. s t m c t u r c  con3t:mt 
vrhile v a y i n g  s i z e .  Therc a re ,  howcver, c lecr l j r  dcfirlcd l i m i t s  t o  tjiis 

ana ly t ica l  device,  i .e.,  s i z e  nay be r c i s e d  holding s t r u c t u r e  f i l e d  
only within more o r  l e s s  wel l  def ined  bounds. The i npo r t an t  po in t  
here  i s  t h a t  t h e r e  doas not  e..ist any genera l  n ize-s t ruc ture  i n v c r i m c e .  
t lhat  the  l i m i t s  z r c  depends upon t h e  2:rrt icular c:-..ttcr 'Considered, 
and i t  i s  c l e a r l y  poss ib le  .bh~.t i n  many C.ISCS t he  limits nny cclllnpne 
i n t o  a s ing le  s i z e  s t r u c t u r e  un i ty .  



A.nother . s ign i f icmt  po in t  t h z t  emerges i n  Gt~ . l i loo ts  
necha~f i c s  i s  tho uni f ic - t io i?  of n a t u r a l  sad . .~rt if . ici- .L n ? t t e r .  
Again Galiloo was very c1cr.r 3bou.t tho pur?ose of such 2 study. 
The purpose of his demonstratj.ng tllc lms of l la turc  wzs t o  c l e a r  v.p 
v e r y  nany f d s e  not ions  c u r r e n t l y  held by a r t i s a n s  m d  s tudents  
of  nechanics. Gal i leo  expectcnl t h c s e  denons t ra t ions  t o  he of very 

d e f i n i t e  he lp  i n  cons t ruc t ion  of nac2ines. I n  oile s f  his l e t - t e w  
h e  wrote; 

And j u s t  r e c e n t l y  I,, have conpleted the  discovery 
of a11 the  conc1usions;"With proofs ,  p e r t a i n i n g  t o  
t h e  s t r e n g t h s  ;ad r e s i s t a n c e s  of wooden 11e,ms of 
var ious  l eng ths ,  s i z e s  ,and s h q e s  ;. . . . . .a  s icnece  nos t  
necessary i n .  the cons t ruc t ion  of mcchines 2nd of a l l  
s o r t s  of bui ldings, .  .i . , . ' ( ~ e b m m  1 609, t o  h t o n i o  do' 
b1edici quoted i n  On Mechanics7 , p.136)" 

The o the r  s c i ence  i n  t h e  "Two 5Te1i Sciences" d e d s  
e s c l u s i v e l y  with ;notion. Gnl i leo c a l l e d  i t  an e n t i r e l y  'new 
s c i e n c e ' ,  i n  which ?.e demonstrctcd the  rm- rkab le  laxis which e x i s t  
Ln both "natural" m d  "v io len t"  movenent. Here Gal i leo  discussed 
t h e  p rope r t i c s  of uniform not ion ,  of no t ion  n z t u r a l l y  accelerated 
along planes of dl i ~ i c l i n e t i a n s ,  m d  of 3 no t ion  which i s  conpounded 
of c u n i f o n  and h o r i c o n t ~ l  r , ~ t i n n .  m o t h e r  which i s  v o r t i c n l  and 
n a t u r a l l y  ecce le ra tcd ,  Bere he ndvmccd much f n r t h c r  than t h e  
s t a t i c  weirht  cons idera t ion  t o  t h e  g c n c r d  forcc considerat ion,  
though some say he f n i l c d  t o . g c t  ovor t he  m3mis t i c  in tonz t ions  
of t h i s  "force" concept ,  

I n  Gal i lco!s  s tudy  of mechmicnl i n s t m c n t s ,  hc t r e a t e d  
t h e  na tu re  of t h e  l o v e r ,  t h e  -7, t he  p u e s ,  m d  t h e  m. 
We s h a l l  only be concerned with  t he  "ncchanisn"  art of these  i n s t ru -  
ments nnd no t  t h e  gener,d na tu re  as  s ~ c h .  The whole c r g ~ u c n t  under 
t h i s  head i s  b u i l t  around l eve r .  

(i) a r :  I n  t h e  study of t h e  lever G d i l e o '  s f i r s t  endeavour 
s e e m  t o  be t o  c l e a r  up tho  f a l s e  not ions  t h n t  rrerc i n  vobqe a t  t h a t  
t ime .  Hc says:  

I t  should bc noto& t h a t  t h e  u C i l i t y  whicli i s  
drawn from this i n s t m e n t  is  not i b n t  of r~:hich com.on 
n e c h a i c s  persucde thense lves ;  tl1tl.t i s  t h a t  n3ture cones 
t o  be overporiercd 2nd i n  a  s ense  chc-.tcd, s o x  vcry  g r c z t  
resist,?.nce being conquered, wi th  a  s n d l  f o r c e  by the  
intervention of t h o  lcvcr"  , 

G,dileo c l e h r l y  d i j ~ o l ~ s t r ~ t e t i  t he  i n n o s s i l ~ j . l i t y  o f  s :~ch .?n 
a s s e r t i o n .  He showod t h c t  i n  noving a g r c : ~ t  rcs i s t i -ncc  :I s r ~ j L l  
d i s t m c e ,  a  s m a l l  f o r c e  has to covcr 3 gre?.t d i s t m c e .  The ad-~nntagc 
acquired f r o m  the l c v a r  w.7.s no th ing  but  tho a b i l i t y  t o  oove a l l  a t  
oncc t h n t  g r e a t  r e s i s t c n c c  wilich Could 11ave 1;rzi.n csll6ucted only i n  , - 
p ieces  by the s m e  fo rce ,  dur ing  t h e  s - ~ . ~ c  time, ?a:d .2n cquill no t ion  
without  t h e  b e n e f i t  of lhc l eve r .  

* A l l  r e fe rences  u e  t o  O i l  t.ToCTon ,and On T,lcc:l,?rLcs. 



(ii) m: Coning t o  t1.e mech,ulics of t he  he took 
t w o  excnples, t h e  windlass md  the c a p s t m  which he considered 
as belpnging. t o  t h e  3rocd c l a s s  of wheels. R i s  f i rs t  demorstra- 
t i o n  was: 

" the  two inst runents . .  . . .depend d i r e c t l y  upon 
t h e  l e v e r ,  2nd indeed a r e  nothing but n 2ezTetual 
l ever"  . 
Af te r  this u n i f i c a t i o n ,  he went on to  b r i n g  out the  r o l e  of 

f o r c e  very c l e a r l y :  - 
"Thus when t h e  fo rce  i s  exer ted on the  wheel 

by n heavy pnd inonina te  body which h a s  no o t h e r  
impetus th<m t o  go doxin?r,crd., it i s  nccesszry f o r  
t h i s  t o  be suspended b y  t h e  l i n e  tangent t o  tho  
viheeX a d  no t  c u t t i n g  it. But i f  on t l ~ e  s m e  
circumference the  fo rce  were t o  be exerted by an 
.animate f o r c e  which h d  nonent t o  m&e in;)etus 
t n  dl d i r e c t i o n s  then  t h e  e f f e c t  n igh t  be made a t  
m y  poin t  on the c i rcunf  orence.. . . .' . 
He also conclltdod t h s t  t he  s ,me might ,also b e  done wi th  a 

inanimate  force ,  provided 3 w.ay were found t o  have i ts nonent ,give 
a n  inpet t ls  d o n g  t h e  tt.ng.ent c t  sone poin t  on t h e  circunfercnce.  
H i s  tak about c a i n z ~ t c  and inanimate fo r6cs  M e  hecvy wei.9t.s and 
t h e  f l o e  of r i v e r s  on t h e  i nnn inc t e  s i d e  and the  anin21 :uxI llum~n 
f o r e 0  on the  v l i n n t c  Bid2 - r e f L e ~ 3 s  h i s  swzrencss of the  pomon 
@enen%, v i z r .  f o r c e ,  and of the  b.asic s t r u c . t ~ r e  of i t s  sourcz,  
v ie .  <?ninate-in,-aioii.te. 

(iii) Pul lex :  . Coming'to the -pulley9 Gnli lco cl3ir.cd th-i t  i t s  
b a s i s  and p r i n c i p l e '  could 2g.?in be .reduced t?-,-kh:t-,", the  lover .  
F'or t h i s  purpose, he thaor i sed  abo:;t m o t h o r  method of r&:in,: t he  
l e v e r  v i e . ,  t h e  l o v e r  wi th  t h b  S u g o r t  plnced a.t one cf i t s  ex t re -  
n i t i e s .  Here ngain he c l ~ i n e d t h r t  t i lo aC.vmte,-e d rawnf ron  i:. 
. p u l l +  has nothio's  Go dp w i t h  tho d in inu t ion  3f xorl:. IIe did not. 
s t o p  here ;  h e  proceeded f$r:tllor a n d  n-x?l,?inet wh;; . i X S  conve!lient 
t o  u s e  n , p u l l e y  i n  i f f t i n s  water- f r g c  c: well.: 

"For when rro draw anything Lown:?ard, t h e  weight 
of our own a n 5  ? r d ~ - o h 3 @ ~  nembers xids us ,  ruhero ::s .-.. 
when we n u s t  dr?.iu t h o  s,me' weiglht upxu,-.r?is Sy r?cml_n- o:iLy 
:of t he  vigour of oiir h e n b e r s  -ha . . ~usc1e.s or., C b  ur3 > t h o  
comon expression,  "by elbow' 2reclscW, <% awv.t,?;Lisc%n 
t.ddition t o  thc ex t e rna l  weight t h e  :,reigl~t of our oyrn 
m s ,  which r equ i r e s  rlore, aorlc.. . .;I. 
He f u r t h e r  concludes ti int  ?y ; l roprl : :  mcngix;:  tho  7 ~ 1 1 ~ ~ s  

t h e  force  coul21.. be i n c w m e d  t o  any dosired degree. 



( i v j  Earner:  I n  t hc  end Ga l i l co  discuoses tllc pecu l i a r  
phenomenon which we so  o f t e n  observe i n  d,ay t o  day ~y-ffr i rs .  Thc 
qucst ion oosed was t h i s :  

To f i x  a n a i l  on very  har;dwood, j u s t  t o  kcq> 
n heavy h m e r  on i t  does not  su f f i ce :  but .-. sn.--11 
no t ion  of t h e  h n n n e r m d  n hard h i t  s u f f i c e s ;  why? 

This agz in  i s  exnlained by the.  : ,rinciple sf t he  levcr .  
He turned t h e  argument of t h e  l e v e r  around: 

"tlhere w i i l  be t h e  marvel i f  t h a t  >or.rcr which 
would nove a s n n l l  pcs i s tance  through 2 l a r g c  i n t c r -  
v d  should d r i v e  one hundred t i n c s  g r c n t c r  through 
one hundredth of the sa id .  i n t e r v n l ?  170 wonder, 
c e r t a i n l y ;  and f o r  th ings  t o  be o t h e r ~ r i s e  ?,rould be 
not  on ly  absurd,  but  impossible".  

Thus a t  every t u r n ,  he c r ae  heav i ly  on t'lo f d z e  notiolls of thc. 
nechanicians  and a r t i s a n s  and exyounded t3.o 1~:s sf naturc .  

( v )  Concludilw rencrks:  ~ d i l e o ' s  nchicvenect i n  5 8  study 
of  mechnnic<d i n s t m n c n t s  is i n  showing t9x t  t h e  l c v o r  i n  :.t thi, . v u ~ y  
basc of 311 o t h e r  i n s t r u n e n t s  m d  t h a t  t 5 o i r  code of r-rorl.cing c?n bc 
explained by  t h e  s i n g l o  p r i n c i p l e  of t h e  l eve r .  He :mts i t  vory 
simply t h a t  i n  every in s t runen t  considered %y him v i z .  t he  r~r~icel ,  
t h e  p u l l e y  nnd t h e  screw, t h e  l o v e r  i s  used i n  a "different" wcy.  
The o t h e r  po in t  i s  t h a t  h c  succecdc? i n  showing t h a t  wi th  t he  uso 
of n e c h n n i c d  i n s t r u n e n t s  thcrcby i s  no diminution of work.' 

"ring to  t he  s p e c i f i c  ?.dvmtdge derived f r o n  ncchrnic 
ins t ruments ,  wc f i n d  two po in t s  : Thc f i rs t  zdv.mt:.;.i: discus,zed 
by  Gnli leo was t h a t  der ived i n  moving ;. great; weight dl at '  once 
by  n e m s  .of n civen f o r m .  Thio~ d id  not fie',% a d i?nun i t i on~of  - : r~r lc .  - ~ ~ 

a s  a l ready  discussed. . The second ndv-nt:~.,-6 der ive$ ' f ro5  ?lech?.nicn.l 
' n s t m n e n t s  wm t h e  f s c i l i t y  3f u s i x  soms  ;x.rticul,-.$, ilistmmont.:;_Jr 
uru.as.ea. For e.g. where t h e  bucket could not "lreep the  ilo1,i dr:. - of even a s n d l  quanti* of water",  t h -  p&~p  could.  

5. Force,  2nd Cost ( A  rov ic~ r  of Gal i lco ' s  contriltiutiqn f r s n  thr? 
s tcndpoin t  of lcbour-,?roccss) 

Gnl i leo cle?.rly distinguished Setween ncvcrr;. The flow qf 
t h e  r i v e r ,  he c a l l e d  a s  agz ins t  tho  anin3tc i?:~rct. 
s u p p l i e d b y  an ina l s  and h~-.im beings. H i s  grcntness  l i e s  i n  t h s  
r ecogn i t i on  of sone th ing  ccxmon i n  dl these  - t he  a : ~ s t r n c t  c o n c ~ ; ~ f i : ; : ~  
of  force .  He c a l l e d  i t ,  rilotive-force, because i t r2oved ncci~.mic::l 
i n s t runen t s .  ':Iith th6  mmeness  of t hese  novers i n  n.?.ture, t h z r c  
::rose t h e  n e c e s s i t y  of f i nd ing  a c r i t e r i o n  on tho  b a s i s  of xhich ollc 
cou ld  choosc thc  one o r  t h c  3thcr .  Gnl i leo wns zgzin c l c a r  n b , ~ u t  
t h i s  aspect  af tho  probler?.; 



' .. .. .. thc f d l  o i  n r i v e r  c;sto l i t t l e  o r  
nothing, while the  ~ o i x t e n ~ ~ n c c  o i  horsc  Jr nir .ular  
cn ina l  whose povrer cxcccds th-.t ;f 3i:--ht .J- o r  n o r c  3cn 
i s  f a r  l e s s  o x p ~ n s i v c  than i t  would l!o t o  o u s t r i n  :.nd 
maintain  so  many mcn' . 

I t  i s  obvious that t he  s o c i c ~ l  f o r c e s  which arc a t  t h o  9,m.clc ?f  
making t h e  choipe need such a c r i . t o r ion  ,?nd i t  i s  s u p i ~ l i u d  h:? Ihc 
cxpcnso of maintaining such n native forco.  

I n  sun, zm exposit ion of G~. . l i loo 's  wr i t i ngs  r,?n&<ilq fr.313 
t h e o r e t i c d  aspects  of kstronony ,and Plech?r.ico tcr thc  ecoi:ozic 
c r i t e r i o n  of c o s t  i n  choosing fo rces  of nzturc  is nr:tivc-forcc 
.?re l l ighly re levant  f o r  an unders t rnding of S o c i a l  Tr?chii~lo&y. 
E s p e c i n l l y  bro koy areas  touchcd uFon by Gal i lec  a rc  d i rcc t lY 
r e l a t e d  t o  our  own discussion of t he  cvo lu t i sn  o f  Technal7:,;y. 
I i i s  d i scuss ion  of the s ize-s tmc ture-s t rength  i n  no- t tc r  i s  r e l a t : ~ ' ?  
t o  our  d i scuss ion  of the 'natcri,*L base' of to.~:L:: ( P a r t  I1 ahqvc). 
Secondly,  h i s  discussioil  of the  mcchnnicnl instrui.;e?lts i s  highly 
r e l e v m t  f o r  our discussion of the o v o l u t i x ~  o f  tonlr, o f  loct.rnoti>n. 
Our  d i scuss ion  draws nuch of i t s  f l e s l ~  and blo3d fro;: Cnl i leo ' s  
exp os i t i ons .  I n  a sense,  G?.lileof s  discussioi l  cJvers  'chc 
a r e a  of too ls  of loconotion with f g r c e s  of nnn .-.s the  source of 
notivo-force md  opens out i n t o  the a r ea  of fo rces  <]f nr.ture. 

1 . Lcura F c r n i  ,md Gilborto Bcrnnrdini  , Gnli lco and 
thc  s c i e n t i f i c  ,"icvolution, Basic Books Inc .  1J.Y. 19662. 

3. S n l i l e o ,  On Motion and On Hcch:mics, t r .  by 
I.%. Drabkiii ,?nd S t i l lman Drpke, The 1Tniv:~rs i ty  of 
briscsnsin r"r,>ss Madisori 1960. 

4.. Gzl i lco ,  i j i a l c s e s  on the G r ~ a t  W r l d  S g ~ t m s  
Saius'hury tr,-nsln.tigil, The Univers i ty  of Chicr~ga 
P r ~ c z ,  1953. 



&~e>:,,~i-x to  P a r t  V 

The d i f f e r en t  rriev~n on -technology, t o  be s p e c i f i c  h i s t o r y  
of technology nay broadly be a r r m g e d  under t:?o heads. The views 
f a l l i n g  under t h e  f i r s t  head maize r, clear d i s t i n c t i o n  between a  
n a t e r i d , p l a n e  and a  human nct lon plnne and then view t h e  h i s t o r y  
o f  technology as a H i s t o r y  of s u b s t i t u t i o n  of 'powers' of na tu re  
f o r  'powers' of m a g  These views we s h a l l  c a l l  s t r u c t u r a l .  
Under t h e  second head no such d i s t i n c t i o n  i s  attempted. His tory  
of technolo is s inp ly  Hewed a s  a  h i s t o r y  of the conquest  of 
mnt e r i  a l s  . Our objec t ive  he re  i s  t o  attempt a  b r i e f  overview 
of  one of the  streams of thought f s l l i n g  under the s t r u c t u r a l  head. 

The cu r r en t  expression o f ,  the  s t r e m  of  thought which 
f o m s  our sub jec t  mat ter ,  may be seen i n  t h e i r  i n t e r p r e t a t i o n  of 
I n d u s t r i d  Rewlu4ion. This i n t e r p r e t a t i o h  is  the  contenporar; 
counter-posi t ion to the M a r 5 s t  p o s i t i  cia an6 i t s  c l e a r e s t  expresoi o n  
may be seen i n  Hicks: 

The impnc t of science,  s t imu la t ing  the t e c h n i c i a m  , 
d e v e l o p i q  new sources of powe-, using powor t o  
c r e a t e  more than h u m  accuracy, reducing t h e  c o s t  
of machines ur i t i l  thej- were a v o i l a ~ l e  f o r  a  mult i -  
tude of purposes; t h i s  s u r e l y  i s  the e s s e n t i a l  novel ty ,  
t he  e s s e n t i d  revolukion.. . . . .m 

So much r e g q d i n g  thc  current  pos i t i on ,  what we propose t o  a t tempt  
h e r e  i s  to go back, t r ac ing  t h i s  view through h i s to ry .  This stream 
of i;hought on technology has .st i - t s  bese n s c r t z i n  view of production 
cnd man's p a r t i c i p a t i o n  i n  p?oduction. Thus our overview a t tempts  
a connected account of t h e i r  vierrs .on p o d u c t i o n  qnd man's p a r t i c i p a t i o n  

1 .  (a) ' ~ t  i s  f a i r  t o  say, ho~~rever ,  t h a t  except f o r  n considera13le 
nmbsr of i s o l a t e d  examples, t he  i n d u s t r i a l  r evo lu t ion  upto 
the presen t  has  displaced nan sold the beas t  as  a  sourcc of 
power, wi thout  naking any g r e a t  impression on o the r  h~man  
func t ions '  - Norbert Weiner. 

( b )  'The o b j e c t  of inproved macllinery i s  t o  diminish manual labour ,  
to  provide f o r  the performance of s prucess o r  the completion 
of a l i n k  in a  manufacture by the a id  of an i r o n  in s t ead  of  the 
human apparatus '  - Marx. 

( c) . . . . . . . When tine time came a t  whic!~ the lzbour  and s u f f e r i n g s  
of s l a v e s  were thought worth econorising,  tLe g r e a t e r  p a r t  of 
t h i s  bodi ly  exe r t i on  was rendered unneccssory, by c o n t r i v i n g  
t h a t  the u-pper s tone  be nade to  revolve upon the  lover ,  no t  
by human s t r e n g t h ,  hut by the f o r c e  of. wind o r  f z l l i n e  '.rnt*r - 
J.3 . H i l l .  

2. The h i s t o r y  of technology ,md engineenrig i s ,  i n  tllc i'ir3t 
place,  t he  s to ry  of the conquest of ~ i a t e r i j l s  - R.J.rorlses. 



as  wel l .  A word of c l a r i f i c a t i o n  is  needcd before td:ing up tho 
task .  The s tandpoin t  from which the overview i s  attempted is t h a t  
of econonic theory and a s  such mainly economists a r e  choseri. 

Matural ly  t h e  guention a r i s e s  cw t o  hoi* f a r  back do we go i n  
t r n c i w  t h i s  s t r e m  of thought. The answer simply is '1at 'ie go back 
upto F r v l c i s  Bacon f o r  we f i n d  a convenient s t a r t i n g  po in t  i n  him. 
Bacon had d e a l t  i n  d e t a i l  rvith production,  rtan's p a r t i c i p a t i o n  i n  
production and the  r o l e  of sc ience  i n  t h e  evolu t ion  of technology 
e t c .  This ,  i n  a sense,  de f ines  t h e  ' a r ea '  we have t o  cover, v iz .  
t h a t  l y i n g  between F r a n c i s  Bacon w d  the  present  day w r i t e r s .  Let 
u s  begin with F ranc i s  Bacon. 

F r a n c i s  Bacon be l ieved  t h a t  raan held a c e n t r a l  pos i t i on  i n  t he  
univorse  and a l l  t he  t h i n g s  a r e  a t  nan ' s  se rv ice .  The only way man 
can su rv ive  is by .using na tu re  f o r  h i s  own ends. This moulding of 
n a t u r e  f o r  human use  i s  what he c a l l e d  production,  t o  be  exact  t h e  
product ion  of t h ings  a r t i f i c i a l .  But t h ings  a r t i f i c i a l ,  according 
t o  h in ,  a r e  no d i f f e r c n t  from th ings  n a t u r a l  i n  forn o r  essence. 
They d i f f e r  f r o n  n a t u r a l  "only i n  t h e i r  e f f i c i e n t :  fo r  man has no 
power over n a t u r e  i n  anything but no t ion ,  whereby he e i t h e r  puts 
bodies  toge ther ,  o r  s epn ra t e s  then" m. The human p a r t i c i p a t i o n  i n  
product ion  i s  thus reduced to  motion, to  be exact  loconotion.  So 
much regarding Bacon's vi  elr on man's ~ a r t i c i p a t i o n  i n  production. 

ITOW l e t  us take  up the  r o l e  of sc ience  i n  the progress of 
a r t s  a s  d e a l t  by Bacon. Bacon, whi le  commenting on the  progress of 
arts a d  sc i ence  of h i s  cge observed t h a t  they were mainly derived 
f r o n  t h e  Greeks. The Komcm m d  iirabic epoch-s, according b him, were 
no t  conducive f o r  d i scover ing  and der iv ing  expe rinlcn ts  ; they  took to  
t h e  i n v e r s e  method of discovering e q c r i m e n t s  first and then bui lding 
ph i lo soph ica l  systems upon them. The r i g h t  nethod according to him 
was to  d i scover  and d e r i v e  experiments from philosophy and the lcnowledge 
o f  causes. This c l a r i f i e s  h i s  view of t he  r o l e  of s c i ence  i n  t h e  
progress  of .arts: the  & Y t s  need t o  be based on science.  

Raving touched upon a general  w r i t e r  lilce Bacon l e t  us t & e  up 
ocononis ts  who'have w r i t t e n  on production,  n u ' s  p a r t i c i p a t i o n ,  s c i ~ n c e  
and technology, L e t  us  begin with James M i l l  and then ?ass on t o  
J .S . > T i l l ,  Jevons and l t a r sha l l .  

J m e s  N i l 1  conceived production a s  a uni ty  of processes  i n  
n a t u r e  nnd man's ac t ion .  The human p a r t i c i l m t i o n  is  reduced to t h c t  
o f  producing motions: " d l 1  t h a t  man can do i s  t o  p lace  the objects  
of na tu re  i n  a c e r t d n  2cc i t ion" .  Nature does t h e  r e s t .  The essence 
of  man's p a r t i c i p a t i o n  i s  sought i n  k i s  capac i ty  t o  nove th ings .  
This , aspec t  i s  f u r t h e r  c l ~ f i e d  i n  the  folloriii?g: 

He ( n a r )  naves i g n i t e d  i r o n  t o  a p o r t i o n  of gunpodor ,  
m d  an explosion takes  place. He moves the  s e ~ d  t o  t h e  
ground and vege ta t ion  commences ( emph. minc) 



This,  as  we can s e e ,  i s  nothing 'Jut B.3con i n  i t s  e s s e n t i a l s .  
NOW l e t  us  go on to Jevorss . 

Jevom .again fol l3ws Bacon $0 a 1c.rgo exteilt.  He reduces 
a l l  change i n  na tu re  t o  not ion.  Once a l l  change i n  na ture  i s  
reduced to  motion a l l  t h a t  labour can do i s  t o  nove bodies.  FIere 
he  quotes  Bacon approvingly: 

As Franc is  Bacon so w e l l  s a i d  "Nan can h inse l f  
do nothing e l s e  than  move n a t u r a l  boeies t o  m d  
from each o t b e r ;  na tu re  working wi th in  zccomplishes 
t he  r e s t " .  

Thus the hunan p a r t i c i p a t i o n  i n  production i s  r e d x e d  t o  j u s t  the 
d i r e c t i n g  of ml scu la r  e n e r n  of h i s  body. Men could do nothinz l>ut 
" p u l l ,  push, l i f t ,  p re s s ,  carry,  o r  othemrise n e c h m i c a l l y  force  
t h i n g s  i n t o  new f o r n s  o r  new places." 

Once the  h u m a n p h y s i c i l l a b o u r  i s  reduced t o  t h a t  o f  n :Ere 
b e a s t  of burden " h a t  s c i ence  can do i s  rdso l imi ted .  3 c i ~ n c e ,  
"nakes muscular energy the  key to the  v a s t  s t o r e s  of n a t e r i d  enoxry 
exis . t ing i n  the  t h ings  aroucd us". The r o l e  of s c i exce  i s  i n  en?.;ding -. . 
man t o  e n l i s t  t h e  powers of nature .  kl;tl? t h i s  tec;mologicai  c?.vZCice5 
a r e  based upon s c i e n t i f i c  rlevelopments. 

Before passing on -to J.S.P.T.il1 l e t  us  nentioll one other. n x e ,  
v i a .  Marshall .  He f u l l y  agree0 with Jsvocs  on tile hunan p n r t i c i p z t i o n  
i n  production a s  we l l  a s  the  r o l e  of s c i e n c e . i n  the  development of 
technology. 

J.S.Mil1 i s  no d i f f e r e n t  f?%n t h e  o the r s  i n  'dzis tri?c?it.:.o!lZ 
J.S . M i l l  l i k e  h i s  f a t h e r  does not s a,y nuoh ?r. the na tu re  ?I ch.-.n :cs 
i n  Nature. According t o  h i n  the r e q u i s i t e s  af pl-o~?uc t i o n  arc 13ij3.:.r 
and n a t u r a l  ob jec t s .  Nature supp l i c s  m.?ttcr mc2 a c t i v c  energies. 
Mm has  "no other  means of a c t i q  on mat te r  than by ":loving i t".  
The muscles of man a r e  c o & t m c t ~ . f i  f o r  i t .  Th3y cou.ld intro(ii;:?c 
n o t i o n  o r  prevent it. T h e  powers of n a t u r e  o r  y r o p e r ~ i e ~  sf .~;.,-t,.:r 
do a l l  the work. Man c a n  on ly  move "one th ing  to  O Y  f2on moth,.:.-' . 
He moves a seed i n t o  t h e  ground: 

and the  n a t k a l  fo rces  of vege ta t ion  produce i n  
succession a r o o t ,  a stem, l eaves ,  flowers i d  f r L 5 t s .  
He moves an axe through a t r e e  c ~ l d  i t  fal ls  '1:; the 
n h t u r a l  fo rces  of g rav i t a t i on .  'm 

Thus labour  i n  tfie phys ica l  world i s  " s o l e l y  cnployed i n  p t - t l w  
o b j e c t s  i n  motion". The s k i l l  and ingenu i ty  of h!lr;~m bcing a;.,> 
c h i e f l y  exercised i n  discovering movfments whicl:: ;Ira prcicticab1.r: 
by t h e i r  powers of b r ing ing  about e f f e c t s  i n  n a t t - r .  

I n  Kill's view t h e  savant  o r  the s p c u l a t i v c  t h i d s e r  i s  al?,o 
a p a r t  of production. Itmy invent ions  of p rcc t ic , - l  ::rts a r e  '"i;!;~ 
d i r e c t  consequences of t h e o r e t i c  d i scover ies" .  E v e r y  extension c i  
knowledge of the  powers o f .  na tu re  bring about f r u i t f u l  appl ic  a t ions  



f o r  t h e  bene f i t  of m&ln?.. I i i t h  man' s cornrand o v e r  these 
powers they  could be used a s -  a . s u b s t i t u + e  f o r  lz3ou=. 11s alreildy 
mentioned physical  labour  i s  nothing but  ;. .~~scular exar t ion  an6 
n a t u r a l l y  t;le s u b s t i t u t i o n  is  on the f o r c e  p l m e .  ' 2orces of nz tu rc  
a r e  s u b s t i t u t e d  f o r  human.l~uscular povrer. I : I i i l  g ives  an instan,?e 
of  suoh a s u b s t i t u t i o n :  

I n .  t h e  e a r l y  .ages neolsle converted t h e i r  corn i n t o  
f l o u r  by pounding i t  between 3 7 0  s t o a e s ;  tLey next 
h i t  on a contr ivance which gnabie&..thea, 5y.  t u rn jng  
a  handle ,  t o  mdce one of t h e  s t o n e s ~ r e w l v e  u2on the 
other . .  . . ..tine g r e a t e r  p a r t  of t r ~ s  bodi ly  cxer t ion 
was rendered unn&cessary, by ~ o n t r i ~ n g  t h a t  tlie 
upper s tone  be made t o  revolve u$on t h e  1o~re.r not  by 
h w a n  s t r e n g t h ,  but  by t h e  f o r c e s . o f  t h e  15n8 o r  . 
f a l l i n g  water. 

I n  conclusion,  i t  may be s a i d  t h - t  W122t r:as n seed i n  
Bacon has  grown i n t o  a  t r e e  i n  our own t i n e .  I n  Lcacon rre see  
someone propounding t h e  v i r t u e s  o f  d i r e c t e d  sciencc i . e .  s c i cnce  
a s  the  b a s i s  f o r  "deriving" a r t s .  I t  was not posed as a r e a l i t y  by 
him. I n  t h e  wr i t i ngs  of J aaes  ! , T i l l  and Jevons rre see  i t  pmad as 
real i ' ty .  This  is what goes by the  name of s c i c c c e - ' 3 ~ ~ e d  tcchlolog- ' .  
F u r t h e r  owing t o  t h e  view t h a t  all man  can  do i n  p~odLc t ion  i s  t o  
move th ings ,  advances i n  technolo.@ a r e  seen b s i c h l l : ?  as development 
of new sources  of po.irer su 'os t i tu&ing huxxan nuscl;lar. power. ' It: i s  
t h i s  un i f i ed  view which Cet a,por?erful c rp re s s ion  i n  the  w r i t 1 . n ~ ~  of 
t h e  contemporary economists. Simon I ' .uznetls v i 2 w  of "modem sc i cnce  
as t h e  b a s i s  of an a&var~cing technoLou".  and Hic':sl   vie^: of , ' t he  
impact of s c i ence ,  s t imu la t ing  technic ians ,  developing nejr ,sources 
of power. . . . . t h i s  s u r e l y  i s  the  o s s e n t i a l  novelty,  t he  essentir.1 
revolu t ion"  and such views by o the r s  have t h e i r  m o t s  i n  the wr i t i ngs  
of Zacon, i l i l l  and Jevcns.  
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