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7E฀THINK฀OF฀MECHANIZATION฀IN฀THE฀LATE฀EIGHTEENTH฀CENTURY฀AND฀WE฀THINK�฀TEXTILES�฀!ND฀
AS฀A฀RESULT฀OF฀THE฀WORK฀OF฀-USSON฀AND฀2OBINSON�฀)AN฀)NKSTER�฀,ARRY฀3TEWART�฀MYSELF฀
AND฀OTHERS�฀WE฀NOW฀CONSIDER฀THE฀ROLE฀OF฀MECHANICS�฀PNEUMATICS฀AND฀HYDROSTATICS฀IN฀
A฀VARIETY฀OF฀INDUSTRIALLY฀RELEVANT฀SETTINGS�฀STEAM฀APPLIED฀TO฀COTTON฀FACTORIES�฀OR฀MINES฀
AND฀CANALS�฀OR฀NEW฀METHODS฀USED฀IN฀THE฀DREDGING฀OF฀HARBOURS฀OR฀IN฀THE฀RAISING฀OF฀WATER฀
FROM฀NORTH฀COUNTRY฀COAL฀MINES฀OR฀,ONDON�S฀4HAMES��฀7E฀ALSO฀ASSOCIATE฀ALL฀THOSE฀
APPLICATIONS฀OF฀POWER฀TECHNOLOGY฀WITH฀THE฀SCIENTIlC฀CULTURE฀AND฀EXPERIMENTAL฀HABITS฀
THAT฀TOOK฀ROOT฀IN฀EIGHTEENTH
CENTURY฀"RITAIN�฀4HAT฀CULTURE฀AND฀THE฀HABITS฀ASSOCIATED฀
WITH฀IT�฀IN฀THIS฀INSTANCE฀AS฀DEMONSTRATED฀IN฀THE฀FACTORIES฀OF฀,EEDS�฀FORM฀THE฀CORE฀OF฀
THIS฀ESSAY�฀)N฀,EEDS฀WE฀ARE฀ABOUT฀TO฀lND฀SCIENTIlCALLY
INFORMED�฀SHOP฀mOOR฀EXPERI

MENTATION฀THAT฀TRANSFORMED฀THE฀WOOLLEN฀AND฀LINEN฀INDUSTRIES�฀$ECADES฀AGO฀-USSON฀
AND฀2OBINSON฀OPENED฀UP฀THE฀POSSIBILITY฀THAT฀SUCH฀A฀MINDSET฀�฀WITH฀A฀KNOWLEDGE฀BASE฀
INFORMED฀BY฀SCIENCE�฀WEDDED฀TO฀TRIAL฀AND฀ERROR�฀CONSTANTLY฀MANIPULATING฀DEVICES฀TO฀
IMPROVE฀PRODUCTION฀�฀MIGHT฀HAVE฀BEEN฀FRONT฀AND฀CENTRE฀IN฀THE฀TECHNOLOGICALLY฀MOST฀฀
ADVANCED฀EPICENTRES฀OF฀EARLY฀INDUSTRIAL฀DEVELOPMENT�฀.OW฀THE฀EVIDENCE฀IS฀MOUNTING฀
FOR฀THE฀PRECOCIOUS฀NATURE฀OF฀THEIR฀INSIGHT�

4HIS฀ESSAY฀OFFERS฀NEW฀EVIDENCE฀TO฀DOCUMENT฀THE฀DEBT฀EARLY฀INDUSTRIALISTS฀OWED฀
TO฀MECHANICAL฀SCIENCE฀AND฀TO฀CHEMISTRY�฀)N฀THEIR฀WORKSHOPS�฀WHERE฀NEW฀MACHINES฀
AND฀NEW฀APPLICATIONS฀OF฀EXISTING฀MACHINES฀BECAME฀THE฀GOAL�฀SCIENCE฀AND฀TECHNOL

OGY฀WERE฀CLOSELY฀INTERMINGLED�฀NOT฀HIERARCHICALLY฀BUT฀DYNAMICALLY�฀NEVER฀ONE฀AND฀
THE฀SAME฀THING�฀BUT฀NEVER฀FAR฀APART��฀7E฀MAY฀EVEN฀BORROW฀A฀PHRASE฀AND฀DESCRIBE฀THE฀
ENTREPRENEURS฀THAT฀INTEREST฀US฀AS฀hHYBRID฀SAVANT
TECHNOLOGISTSv��฀"Y฀����฀THEY฀AND฀
THEIR฀9ORKSHIRE฀FACTORIES฀PROVIDE฀A฀VIVID฀EXAMPLE฀OF฀A฀DISTINCTIVE฀FORM฀OF฀MATERIAL฀
CULTURE�฀NOW฀KNOWN฀AS฀hTECHNO
SCIENCEv�฀PRESENT฀ IN฀ THIS฀CASE฀ FAR฀EARLIER฀ THAN฀ THE฀
TWENTIETH
CENTURY฀INVENTION฀OF฀THE฀TERM฀WOULD฀SUGGEST�฀)N฀THE฀CRITICAL฀lRST฀GENERATION฀
OF฀MECHANIZATION฀THAT฀BEGAN฀IN฀THE฀����S�฀LINEN฀AND฀WOOL฀MANUFACTURERS฀IN฀,EEDS�฀
LIKE฀THEIR฀COUNTERPARTS฀IN฀-ANCHESTER�฀DEPLOYED฀SCIENTIlC฀KNOWLEDGE฀OF฀A฀MECHANICAL฀
SORT฀�฀AND฀CHEMISTRY฀�฀TO฀ASSIST฀IN฀THE฀INVENTION฀OF฀NEW฀INDUSTRIAL฀PROCESSES฀AND฀
FORMS฀OF฀INDUSTRIAL฀LIFE��฀

.EITHER฀THE฀TECHNOLOGY฀NOR฀THE฀SCIENCE฀SHOULD฀BE฀REDUCED฀ONE฀TO฀THE฀OTHER฀NOR฀
ASSUMED฀TO฀RESEMBLE฀A฀SIMPLE฀DISTINCTION�฀ INVOKED฀INCREASINGLY฀IN฀ THE฀NINETEENTH฀
CENTURY�฀BETWEEN฀THE฀WORK฀OF฀SCIENTISTS฀AND฀ENGINEERS�฀"Y฀����฀THAT฀DIVISION฀OF฀LABOUR฀
WAS฀VISIBLE฀�฀BUT฀IN฀EMBRYO�฀3OMETIMES฀THEORIES฀AND฀CALCULATIONS฀WERE฀INVOLVED�฀
IT฀BECAME฀POSSIBLE฀TO฀SPEAK฀ABOUT฀hTHE฀THEORY฀OF฀WHEELSv�฀/THER฀TIMES฀INNOVATIVE�฀
AS฀WELL฀AS฀REPETITIVE�฀MAKING฀AND฀DOING฀WITH฀MACHINES฀CONSUMED฀TIME฀AND฀LABOUR��฀
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3OMETIMES฀�฀IN฀THE฀SAME฀PERSON฀�฀THE฀THINKING฀RELIED฀UPON฀WORDS�฀THEORIES฀AND฀
NUMERICAL฀SYMBOLS�฀OTHER฀TIMES฀IT฀WAS฀TACTILE฀AND฀VISUAL฀IN฀NATURE��฀"ECAUSE฀WE฀HAVE฀
THE฀HISTORICAL฀RECORD฀LEFT฀BY฀THE฀WORDS฀�฀THE฀MACHINES฀HAVING฀LONG฀SINCE฀DISAPPEARED฀
�฀EMPHASIS฀WILL฀BE฀LAID฀HERE฀UPON฀SCIENTIlC฀KNOWLEDGE�฀"UT฀MAKE฀NO฀MISTAKE฀ABOUT฀
IT�฀TECHNOLOGY�฀THE฀INVENTION�฀MANIPULATION฀OR฀IMPROVEMENT฀OF฀MACHINES฀FOR฀MAKING฀
CLOTH฀OR฀DEPLOYING฀ENGINES฀FOR฀INCREASED฀POWER�฀WAS฀EVER฀PRESENT�฀EVEN฀IF฀HARDER฀TO฀
RECAPTURE�฀7HEN฀OUR฀,EEDS฀MANUFACTURERS฀THOUGHT฀WITH฀SCIENTIlC฀WORDS�฀DISTINCTIVELY�฀
THE฀SCIENCE฀EMPLOYED฀CAME฀FROM฀.EWTONIAN฀MECHANICS฀�AS฀WELL฀AS฀FROM฀THE฀LATEST฀
CHEMISTRY	�฀4HESE฀KNOWLEDGE฀SYSTEMS฀RECEIVED฀APPLICATION฀ON฀THE฀FACTORY฀mOOR�฀AND฀
THEORIES฀AND฀METHODS�฀BOTH฀EXPERIMENTAL฀AND฀MATHEMATICAL�฀WERE฀APPLIED฀INTER฀ALIA฀
TO฀BOBBINS�฀TO฀THE฀WEIGHT�฀FRICTION฀AND฀VELOCITY฀OF฀WHEELS�฀TO฀THE฀GRAVITY�฀ELASTICITY฀
AND฀ COMBUSTIBILITY฀ OF฀ ATMOSPHERIC฀ AIR�฀ TO฀ DYEING฀ AND฀ WHITENING��฀ &REQUENTLY฀ THE฀
APPROACH฀TO฀MACHINERY฀RELIED฀UPON฀A฀SCIENTIlC฀STYLE฀OF฀THINKING฀THAT฀SOUGHT฀GENERAL฀
PRINCIPLES฀AND฀EMPLOYED฀EXPERIMENTAL฀TECHNIQUES�฀%NTREPRENEURS฀RELIED฀UPON฀HABITS฀
OF฀ REPLICATION�฀ AND฀ THE฀ SEARCH฀ FOR฀ GENERALIZATIONS฀ ABOUT฀ THE฀ RELATIONSHIP฀ BETWEEN฀
WEIGHT฀AND฀FORCE฀SUCH฀AS฀COULD฀BE฀DERIVED฀FROM฀EIGHTEENTH
CENTURY฀SCIENTIlC฀TEXT

BOOKS฀AND฀LECTURES�

,%%$3

4HE฀GENERATION฀OF฀THE฀����S฀TO฀THE฀����S฀PROVED฀ECONOMICALLY฀DECISIVE฀IN฀CITIES฀LIKE฀
,EEDS�฀-ANCHESTER�฀AND฀"IRMINGHAM��฀"Y฀THE฀����S฀THE฀FRONT
RUNNERS฀IN฀THE฀INDUS

TRIAL฀RACE฀KNEW฀THAT฀WHAT฀THEY฀WERE฀EXPERIENCING฀WAS฀UNIQUE฀AND฀COMMENTED฀UPON฀IT฀
EXTENSIVELY��฀,EEDS�฀WITH฀ITS฀CANAL฀TO฀,IVERPOOL�฀STOOD฀AT฀THE฀CENTRE฀OF฀A฀NORTH
COUNTRY฀
DISTRICT฀EXPERIENCING฀RAPID฀INDUSTRIAL฀DEVELOPMENT�฀4HE฀EXTANT฀ARCHIVES฀DEMONSTRATE฀
THAT฀THOSE฀ECONOMIC฀DEVELOPMENTS฀POSSESSED฀INTELLECTUAL฀UNDERPINNINGS�฀.EW฀SCIEN

TIlC฀KNOWLEDGE฀WORKED฀IN฀THE฀MINDS฀OF฀LEADING฀TEXTILE฀MANUFACTURERS฀WHO฀BECAME฀
CENTRAL฀TO฀,EEDS�S฀ECONOMIC฀TRANSFORMATION�฀!ND฀,EEDS฀IS฀NOT฀THE฀PLACE฀OR฀TIME฀WHERE฀
WE฀WOULD฀EXPECT฀TO฀lND฀INDUSTRIALISTS฀POSSESSED฀OF฀EXPANDED฀KNOWLEDGE฀ABOUT฀THE฀
PHYSICAL฀PROCESSES฀FUNDAMENTAL฀TO฀POWER฀TECHNOLOGY�฀!T฀THE฀TIME฀NEITHER฀LINEN฀NOR฀
WOOL฀CLOTH฀�UNLIKE฀COTTON	฀COULD฀BE฀WOVEN฀MECHANICALLY�฀9ET฀ALL฀THE฀TECHNOLOGICAL฀AND฀
SCIENTIlC฀PRACTICES฀)฀AM฀ABOUT฀TO฀DESCRIBE�฀FACILITATING฀THE฀CUTTING
EDGE฀APPLICATION฀
OF฀POWER฀TECHNOLOGY฀TO฀MANUFACTURING�฀APPEAR฀IN฀,EEDS฀AT฀LEAST฀A฀GENERATION฀BEFORE฀
EITHER฀lBRE฀COULD฀BE฀MADE฀INTO฀CLOTH฀BY฀POWER
DRIVEN฀MACHINERY���฀

,EEDS�฀"IRMINGHAM฀AND฀-ANCHESTER�฀IN฀THE฀SAME฀PERIOD�฀CAN฀NOW฀BE฀SHOWN฀TO฀
POSSESS฀A฀ REMARKABLY฀SIMILAR฀ SCIENTIlC฀CULTURE�฀7E฀KNOW฀ THAT฀-ANCHESTER฀COTTON฀
MANUFACTURERS฀USED฀A฀TECHNICAL฀AND฀SCIENTIlC฀KNOWLEDGE
BASE฀THAT฀FACILITATED฀THEIR฀
ADAPTATION฀OF฀POWER฀TECHNOLOGY���฀.OW฀WE฀CAN฀DEMONSTRATE฀A฀SIMILAR฀PHENOMENON฀
AMONG฀,EEDS฀MANUFACTURERS�฀!S฀IN฀OTHER฀INDUSTRIAL฀SETTINGS�฀MANUFACTURERS฀IN฀,EEDS฀
LEARNED฀THE฀SAME฀LESSONS฀FROM฀TEXTBOOKS฀AND฀LECTURES฀IN฀NATURAL฀PHILOSOPHY฀�฀THEY฀
LEARNED฀SCIENCE฀OFTEN฀CAST฀IN฀AN฀APPLIED฀DIRECTION฀�฀THEN฀THEY฀DID฀SOMETHING฀NOT฀
OFTEN฀ATTEMPTED฀BY฀THE฀NATURAL฀PHILOSOPHICAL฀�OR฀SCIENTIlC	฀LECTURERS฀OR฀WRITERS�฀THEY฀
BROUGHT฀TO฀THEIR฀OWN฀TECHNOLOGY฀NEW฀CONCEPTUAL฀TOOLS�฀)N฀THE฀PROCESS฀THEY฀ADAPTED฀
MECHANICAL฀KNOWLEDGE฀TO฀THE฀PARTICULAR฀NEEDS฀OF฀THEIR฀INDUSTRY�฀4HE฀APPLICATION฀OF฀
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POWER฀TECHNOLOGY�฀MOST฀DRAMATICALLY฀IN฀THE฀FORM฀OF฀THE฀STEAM฀ENGINE�฀ADVANCED฀THE฀
FACTORY฀AS฀THE฀SETTING฀FAVOURED฀BY฀ENTREPRENEURS�฀)T฀SOON฀BECAME฀THE฀MOST฀ACCOM

MODATING฀PLACE฀FOR฀MANUFACTURING�฀TO฀BE฀IMITATED฀BY฀ALL฀COMPETITORS�฀4HE฀MATERIAL฀
FROM฀,EEDS฀AFlRMS฀THE฀THESIS฀OF฀THERE฀HAVING฀BEEN฀A฀SPECIlCALLY฀SCIENTIlC฀CULTURE฀
THAT฀OFFERED฀KNOWLEDGE฀THAT฀BECAME฀FUNDAMENTAL฀TO฀POWER฀TECHNOLOGY���฀

-ECHANICAL฀KNOWLEDGE฀WAS฀NOT฀SIMPLY฀GRAFTED฀ONTO฀AN฀EXISTING฀SET฀OF฀ECONOMIC฀
CONDITIONS�฀ )T฀ ALSO฀ HELPED฀ TO฀ SHAPE฀ THOSE฀ CONDITIONS฀ �฀ EXPENSIVE฀ AND฀ POWERFUL฀
ENGINES฀MADE฀FACTORIES฀ALL฀THE฀MORE฀FUNCTIONAL฀AND฀NECESSARY฀�฀JUST฀AS฀THE฀CONTENT฀
AND฀ FORM฀OF฀ THE฀DISCIPLINE฀OF฀MECHANICS฀BECAME฀ INCREASINGLY฀APPLIED�฀ ROUTINIZED฀
AND฀EXPANDED฀UPON฀IN฀FACTORY฀AFTER฀FACTORY�฀'RADUALLY฀BUT฀STEADILY�฀CLOTH฀MERCHANTS฀
BECAME฀MANUFACTURERS฀WHO฀CENTRALIZED฀PRODUCTION฀�฀DESPITE฀OPPOSITION฀FROM฀HAND฀
WORKERS฀AND฀SMALLER฀SCALE฀MERCHANT฀WEAVERS���฀
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0ARTLY฀IN฀RESPONSE฀TO฀THE฀WORK฀OF฀THE฀HISTORIANS฀OF฀SCIENCE฀AND฀TECHNOLOGY฀CITED฀ABOVE�฀
INCREASINGLY�฀ECONOMIC฀HISTORIANS฀LIKE฀*OEL฀-OKYR฀AND฀HISTORICAL฀SOCIOLOGISTS฀LIKE฀*ACK฀
'OLDSTONE฀ARGUE฀THAT฀TECHNOLOGICAL฀INNOVATION฀SPURRED฀THE฀INDUSTRIAL฀REVOLUTION฀AND฀
THAT฀hTHE฀EXPANSION฀OF฀BOTH฀KINDS฀OF฀POWER฀;WATER฀AND฀STEAM=฀WAS฀DRIVEN฀BY฀EXACTLY฀
THE฀SAME฀UNDERLYING฀CULTURE฀AND฀PRACTICE฀OF฀ENGINEERING฀AND฀DEVELOPMENT฀OF฀MECHANI

CAL฀POWER฀AND฀ITS฀APPLICATION฀TO฀PRODUCTIONv���฀-OKYR฀TALKS฀ABOUT฀HOW฀THE฀EXPANSION฀
OF฀USEFUL฀KNOWLEDGE฀BECAME฀THE฀KEY฀TO฀THE฀lRST฀)NDUSTRIAL฀2EVOLUTION�฀AND฀USES฀THE฀
FELICITOUS฀PHRASE฀hINDUSTRIAL฀ENLIGHTENMENTv฀TO฀DESCRIBE฀THE฀NEW฀INDUSTRIALLY
RELEVANT฀
CULTURE฀FOUND฀IN฀LATE฀EIGHTEENTH
CENTURY฀"RITAIN���฀'OLDSTONE฀lNDS฀THAT฀DESCRIPTION฀TOO฀
GENERAL�฀AND฀FURTHER฀IDENTIlES฀A฀VERY฀SPECIlC฀FORM฀OF฀USEFUL฀KNOWLEDGE฀AS฀NECESSARY�฀
A฀hGREATLY฀IMPROVED฀AND฀EXPANDED฀KNOWLEDGE฀OF฀THE฀PHYSICAL฀PROCESSES฀UNDERLYING฀
POWER฀GENERATION฀AND฀APPLICATIONS�฀AND฀THE฀MANIPULATION฀AND฀CREATION฀OF฀PHYSICAL฀
MATERIALSv���฀)N฀OTHER฀WORDS�฀'OLDSTONE฀DESIGNATES฀AS฀SPECIlCALLY฀MODERN�฀ECONOMIC฀
GROWTH฀hFOUNDED฀ON฀THE฀CONTINUAL฀AND฀CONSCIOUS฀APPLICATION฀OF฀SCIENTIlC฀AND฀TECHNO

LOGICAL฀PROGRESS฀TO฀ECONOMIC฀ACTIVITYv���฀"OTH฀-OKYR฀AND฀'OLDSTONE฀AWARD฀AGENCY฀TO฀
CULTURE�฀AS฀DO฀)�฀4HE฀OLDER฀HISTORIOGRAPHY฀RESTED฀EXPLANATORY฀POWER฀UPON฀ASSUMPTIONS฀
ABOUT฀THE฀CENTRALITY฀OF฀MATERIAL฀CAUSES฀�฀COAL�฀CAPITAL�฀SURPLUS฀POPULATION฀�฀AND฀
ABOUT฀MANUAL฀SKILL฀�฀NOT฀THE฀KNOWLEDGE฀BASE฀�฀hOF฀SEMI
LITERATE฀TINKERERSv�฀TO฀USE฀THE฀
OFT
REPEATED฀PHRASE�฀4HE฀AESTHETIC฀UNDERPINNING฀THIS฀ESSAY�฀DESPITE฀ITS฀EMPHASIS฀UPON฀
THE฀KNOWLEDGE฀BASE�฀WOULD฀IN฀THE฀END฀lND฀EXPLANATIONS฀IN฀MULTIPLE฀AGENCIES�฀MENTAL�฀
TACTILE�฀CULTURAL฀AND฀MATERIAL�฀)F฀WE฀ARE฀TO฀PRESENT฀AN฀HISTORICAL฀VOICE฀THAT฀ARTICULATES฀
THE฀COMPLEXITY฀OF฀THE฀lRST฀INDUSTRIAL฀SITES฀�฀UNPRECEDENTED฀IN฀THE฀WORLD฀�฀THEN฀THE฀
MANY฀SKILLS฀AT฀WORK฀ON฀THE฀FACTORY฀mOOR฀NEED฀TO฀BE฀ACCOUNTED฀FOR�฀7E฀NEED฀TO฀MOVE฀
BEYOND฀FALSE฀DICHOTOMIES�฀SCIENCE฀V�฀TECHNOLOGY�฀CULTURE฀V�฀COAL฀AND฀CAPITAL�฀

(ISTORIANS฀OF฀SCIENCE฀LIKE฀5RSULA฀+LEIN฀ARGUE฀FOR฀THE฀RELEVANCE฀TO฀INDUSTRIALIZATION฀
OF฀A฀PARTICULAR฀CONlGURATION฀OF฀SCIENCE฀AND฀TECHNOLOGY�฀3HE฀POSITS฀AN฀EXPANDED฀HISTO

RICITY฀FOR฀TECHNO
SCIENCE฀WHICH�฀USING฀THE฀CASE฀OF฀'ERMAN฀CHEMISTRY�฀SHE฀TAKES฀BACK฀
WELL฀INTO฀THE฀EIGHTEENTH฀CENTURY�฀EVEN฀BEFORE฀ITS฀INDUSTRIAL฀APPLICATION���฀0REDICTABLY฀



��� ฀q฀฀-!2'!2%4฀#�฀*!#/"฀

SHE�฀AND฀MANY฀OF฀THE฀HISTORIANS฀OF฀SCIENCE฀CITED฀EARLIER�฀SEE฀SCIENCE฀AS฀SHAPED฀BY฀
THE฀MATERIAL฀CULTURE�฀OR฀PHYSICAL฀SETTING�฀IN฀WHICH฀IT฀LIES฀IMBEDDED�฀!ND฀BY฀THE฀LATE฀
EIGHTEENTH฀CENTURY฀THESE฀WERE฀MANY฀AND฀VARIED�฀4O฀THE฀CLASSROOMS฀OF฀THE฀DISSENTING฀
ACADEMIES฀AND฀UNIVERSITIES�฀THE฀LECTURING฀ROOMS฀OF฀THE฀ITINERANT฀TEACHERS฀OF฀SCIENCE�฀
THE฀CHEMICAL฀WORKSHOP�฀AND฀THE฀ROOMS฀OF฀THE฀SCIENTIlC฀SOCIETIES฀MUST฀NOW฀BE฀ADDED฀
A฀NEW฀SETTING�฀THE฀INDUSTRIAL฀FACTORY฀OF฀LATE฀EIGHTEENTH
CENTURY฀"RITAIN�

/THER฀OLDER฀ASSUMPTIONS฀ABOUT฀WHAT฀INDUSTRIALIZATION฀REQUIRES฀ARE฀ALSO฀NOW฀BEING฀
DISCARDED�฀"OTH฀-OKYR฀AND฀'OLDSTONE฀ARE฀UNIMPRESSED฀BY฀ THE฀ARGUMENT฀ THAT฀ THE฀
MECHANIZATION฀OF฀ CLOTH฀ REQUIRED฀NOT฀ STEAM�฀BUT฀ONLY฀ JENNIES฀ AND฀WATER฀POWER�฀!฀
VERSION฀OF฀THAT฀ARGUMENT฀APPLIED฀TO฀,EEDS฀WOULD฀HAVE฀IT฀THAT฀POWER฀TECHNOLOGY฀AND฀
THE฀KNOWLEDGE฀BASE฀USED฀TO฀ASSIST฀IN฀ITS฀DEPLOYMENT฀HAD฀LITTLE฀TO฀DO฀WITH฀THE฀WOOL฀
INDUSTRY฀UNTIL฀IT฀COULD฀BE฀APPLIED฀TO฀WEAVING�฀)฀TOO฀lND฀THE฀HISTORIOGRAPHY฀FROM฀THE฀
����S฀UNCONVINCING฀FOR฀ITS฀FAILURE฀TO฀TAKE฀INTO฀ACCOUNT฀THE฀FACT฀THAT฀STEAM฀ENGINES฀
WERE฀INVOLVED฀IN฀SO฀MANY฀ASPECTS฀OF฀TEXTILE฀PRODUCTION�฀FROM฀SPINNING฀AND฀ROLLING฀TO฀
DYEING�฀/F฀COURSE�฀WATER฀POWER฀REMAINED฀UNDENIABLY฀IMPORTANT�฀PARTICULARLY฀WHERE฀
A฀READY฀SUPPLY฀WAS฀AVAILABLE�฀"UT฀THE฀WATER฀WHEEL฀COULD฀NOT฀PROVIDE฀THE฀VERSATILITY฀
OF฀THE฀STEAM฀ENGINE���฀#ONTEMPORARIES฀LABELLED฀STEAM฀AS฀THE฀hMOST฀USEFUL฀AND฀MOST฀
FORMIDABLE฀POWER�฀WHERE฀THE฀WORK฀IS฀OF฀THAT฀MAGNITUDE฀AND฀IMPORTANCE฀TO฀AFFORD฀THE฀
EXPENCE฀OF฀ERECTING฀AND฀WORKING฀A฀STEAM฀ENGINEv�฀)F฀THE฀QUANTITY฀AND฀DOWNWARD฀FORCE฀
OF฀WATER฀WAS฀NOT฀PRESENT�฀STEAM฀BECAME฀hBEST฀AND฀MOST฀EFFECTUALv�฀YET฀ENORMOUSLY฀
EXPENSIVE฀TOOL฀REQUIRING฀NOT฀ONLY฀FUEL฀BUT฀A฀MECHANIC฀WHO฀hPERFECTLY฀UNDERSTANDS฀
THE฀CONSTRUCTION฀OF฀ALL฀ITS฀DIFFERENT฀PARTSv���฀#UTTING฀EDGE฀ENTREPRENEURS฀POSSESSED฀
THE฀NECESSARY฀CAPITAL฀FOR฀SUCH฀AN฀INVESTMENT�฀TO฀BE฀SURE�฀BUT฀THEY฀ALSO฀DEPLOYED฀A฀
CULTURAL฀CAPITAL฀THAT฀VALORIZED฀EXPERIMENTAL฀HABITS�฀4HESE฀WERE฀EMPLOYED฀TO฀IMPROVE฀
UPON฀MACHINES�฀MOST฀FORMIDABLE฀AMONG฀THEM�฀STEAM฀ENGINES�฀4HEIR฀USE฀EXPANDED฀
EXPONENTIALLY฀DECADE฀BY฀NINETEENTH
CENTURY฀DECADE�

)N฀ONE฀RESPECT฀THE฀OLDER฀HISTORIOGRAPHY฀DID฀CREDIT฀SCIENCE฀WITH฀PLAYING฀A฀ROLE฀IN฀
EARLY฀INDUSTRIAL฀LIFE�฀IF฀ONLY฀BECAUSE฀SCIENTIlC฀CULTURE฀GAVE฀SOCIAL฀IDENTITY฀TO฀MEN฀WHO฀
LARGELY฀BEFORE฀����฀WERE฀OUTLIERS฀FROM฀THE฀SOCIAL฀AND฀POLITICAL฀ÏLITE���฀7HERE฀THEY฀
SHOWED฀AN฀INTEREST฀IN฀SCIENCE�฀THAT฀HISTORIOGRAPHY฀ARGUED�฀IT฀FUELLED฀SOCIAL฀PRESTIGE�฀
"UT฀THE฀ARGUMENT฀DOES฀NOT฀GO฀FAR฀ENOUGH�฀.OW฀WE฀CAN฀ADD฀THAT฀SCIENCE฀ALSO฀INFORMED฀
PRACTICES฀ON฀THE฀SHOP฀mOOR�฀)N฀THIS฀PERIOD฀WHAT฀WAS฀DESIGNATED฀AS฀SCIENTIlC฀OR฀NATURAL฀
PHILOSOPHICAL฀IMPARTED฀BOTH฀MECHANICAL฀KNOWLEDGE฀AND฀EXPERIMENTAL฀METHODS�฀WITH฀
CHEMISTRY฀JUST฀BEGINNING฀TO฀BE฀IMPORTANT�฀!S฀WE฀SHALL฀SEE�฀ONCE฀LEARNED฀BY฀ENTRE

PRENEURS�฀WHETHER฀IN฀WOOL�฀LINEN฀OR฀COTTON�฀BOTH฀SCIENTIlC฀METHOD฀AND฀KNOWLEDGE�฀
WHETHER฀MECHANICAL฀OR฀CHEMICAL�฀MADE฀THEIR฀WAY฀ON฀TO฀THE฀SHOP฀mOOR�฀-ORE฀WAS฀AT฀
STAKE฀THAN฀SIMPLY฀THE฀STATUS฀EARNED฀BY฀ESTABLISHING฀LITERARY฀AND฀PHILOSOPHICAL฀SOCIETIES฀
OR฀MECHANICS�฀INSTITUTES�฀AS฀IMPORTANT฀AS฀THEY฀MUST฀HAVE฀BEEN฀FOR฀VALORIZING฀SOCIAL฀
PRESTIGE฀AND฀DIFFUSING฀USEFUL฀KNOWLEDGE���฀4HE฀LEARNING฀OF฀MECHANICAL฀SCIENCE฀AND฀
ITS฀EXPERIMENTAL฀PROTOCOLS฀COULD฀AND฀DID฀TRANSFORM฀SHOP฀mOOR฀PRACTICES���

4HE฀CONTEMPORARY฀APPROACH฀BEING฀TAKEN฀TO฀THE฀ROLE฀OF฀SCIENCE฀IN฀THE฀EARLY฀)NDUS

TRIAL฀2EVOLUTION�฀AS฀EVINCED฀BY฀-OKYR�฀'OLDSTONE�฀+LEIN�฀3TEWART�฀MYSELF฀AND฀OTHERS�฀
STANDS฀IN฀OTHER฀RESPECTS฀IN฀CONTRAST฀TO฀WHAT฀HAD฀BEEN฀COMMONPLACE฀IN฀THE฀LITERATURE฀
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ABOUT฀EARLY฀INDUSTRIAL฀DEVELOPMENT฀WELL฀INTO฀THE฀����S�฀4HEN฀IT฀WAS฀FASHIONABLE฀TO฀
SAY฀THAT฀INDUSTRIALIZATION฀TOUT฀COURT฀HAD฀NOTHING฀TO฀DO฀WITH฀SCIENCE�฀THAT฀IT฀CRITICALLY฀
DEPENDED฀ UPON฀ THE฀ WORK฀ OF฀ hSEMI
LITERATE฀ TINKERERSv���฀ )T฀ SEEMS฀ FAIR฀ TO฀ SAY฀ THAT฀
PRESENT
DAY฀COMMENTATORS฀WHO฀ELEVATE฀TECHNICAL฀AND฀SCIENTIlC฀KNOWLEDGE�฀AND฀FOCUS฀
ON฀THE฀INTERFACE฀BETWEEN฀SCIENCE฀AND฀TECHNOLOGY�฀DO฀NOT฀MEAN฀TO฀DENY฀THAT฀SKILLED฀
@TINKERERS�฀WERE฀FOUND฀IN฀ABUNDANCE฀IN฀THE฀CLOTH฀INDUSTRY�฀BEFORE฀THE฀ADVENT฀OF฀THE฀
FACTORY�฀AND฀WELL฀AFTER฀IT�฀4HEY฀BROUGHT฀THEIR฀SKILLS฀TO฀BEAR฀IN฀A฀VARIETY฀OF฀VITAL฀TASKS�฀
)N฀THE฀PRODUCTION฀OF฀WOOL฀CLOTH฀THEY฀COULD฀CARD฀AND฀SCRIBBLE�฀SPIN�฀FULL�฀WEAVE฀AND฀
DYE�฀4HEY฀HAD฀CONSIDERABLE฀TECHNICAL฀KNOWLEDGE฀OF฀THE฀ELABORATE฀PROCESSES฀BY฀WHICH฀
WOOL฀BECAME฀USEABLE฀CLOTH฀OR฀WORSTED�฀OR฀mAX฀BECAME฀LINEN�฀4HEY฀COULD฀BUILD฀AND฀lX฀
MACHINES฀SUCH฀AS฀JENNIES�฀)N฀THE฀����S฀MACHINE฀MAKERS฀SPOKE฀KNOWLEDGEABLY฀ABOUT฀
hENGINESv�฀FOR฀EXAMPLE�฀MEANING฀A฀DEVICE฀THAT฀hWORKED฀BYE฀A฀SCREW฀THAT฀IS฀���฀THE฀lRST฀
MOVEMENT฀OF฀YOUR฀FRISEING฀MILL฀AND฀THE฀WEIGHT฀LYES฀ON฀THE฀UPRIGHT฀SHAFT฀AND฀A฀NEW฀
THING฀THAT฀RIDES฀ON฀A฀PIN฀WILL฀TURN฀GREAT฀WEIGHT฀WITH฀MUCH฀EASEv���฀)N฀SHORT�฀AS฀WELL฀
AS฀VISUAL฀AND฀TACTILE฀KNOWLEDGE�฀OFTENTIMES฀ARTISANS฀AND฀MACHINE฀MAKERS฀POSSESSED฀
MECHANICAL฀KNOWLEDGE฀ABOUT฀SCREWS�฀LEVERS�฀WEIGHTS฀AND฀PULLEYS�฀SUCH฀AS฀COULD฀BE฀
FOUND฀DURING฀THE฀EIGHTEENTH฀CENTURY฀IN฀THE฀MANY฀EDITIONS฀OF฀*OSEPH฀-OXON�S฀-ECHAN

ICK฀EXERCISES฀������฀�����฀�����฀ETC�	฀OR฀7ILLIAM฀%MERSON�S฀0RINCIPLES฀OF฀MECHANICKS฀
������฀�ND฀EDITION฀����	���฀4HESE฀TECHNICAL฀MEN฀DEPLOYED฀A฀KNOWLEDGE฀BASE฀THAT�฀IN฀
THE฀TERMS฀OF฀A฀SLIGHTLY฀EARLIER฀AGE�฀LAID฀EMPHASIS฀UPON฀PRAXIS฀OR฀EXPERIENTIA�฀BUT฀NOT฀
UPON฀EPISTEME฀OR฀SCIENTIA�฀"UT฀PRINCIPLES฀OF฀CENTRAL฀FORCES�฀THEORIES฀OF฀MOTION�฀AND฀
SQUARES฀OF฀VELOCITIES฀CAME฀DIRECTLY฀OUT฀OF฀THE฀SCIENCE฀OF฀THE฀DAY฀AND฀MASTERING฀THAT฀
KNOWLEDGE฀MEANT฀ADDRESSING฀THE฀BASIC฀SKILLS฀NOW฀AVAILABLE�
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#ONTEMPORARY฀HISTORIANS฀ AND฀ SOCIOLOGISTS฀ SEE฀MORE฀MECHANICAL฀ KNOWLEDGE฀MORE฀
WIDELY฀AVAILABLE฀IN฀"RITAIN฀BY฀THE฀����S฀THAN฀ELSEWHERE�฀AND฀AS฀BEING฀ACTIVELY฀AND฀
PUBLICLY฀DEPLOYED���฀7E฀ALSO฀RECOGNIZE฀THAT฀THE฀.EWTONIAN฀SYNTHESIS฀QUALITATIVELY฀
ALTERED฀BOTH฀CELESTIAL฀DYNAMICS฀AND฀TERRESTRIAL฀MECHANICS�฀THAT฀IT฀UNIlED฀MECHANICS฀
AS฀NEVER฀BEFORE�฀)TS฀PRINCIPLES฀WERE฀THEN฀EXPLICATED฀IN฀TEXTBOOKS฀THAT฀BEGAN฀TO฀APPEAR฀
IN฀.EWTON�S฀LIFETIME฀�D�฀����	฀AND฀THAT฀WERE฀REMARKABLY฀SIMILAR฀IN฀APPROACH฀IF฀NOT฀
CONTENT฀FROM฀$ESAGULIERS฀THROUGH฀TO฀$ALTON���฀7ITH฀INCREASINGLY฀SUCCESSFUL฀APPLICATION฀
CAME฀THE฀REALIZATION฀THAT฀DEPLOYMENT฀INCREASED฀PROlTS�฀)N฀,EEDS�฀AS฀IN฀-ANCHESTER�฀
THE฀KEY฀INNOVATORS�฀THE฀PACE
SETTERS฀IN฀THE฀SPINNING฀FACTORIES฀OF฀THE฀����S฀AND฀BEYOND�฀
MEASURED฀THE฀VALUE฀OF฀WHAT฀THEY฀KNEW฀IN฀SPEED�฀AS฀WELL฀AS฀TIME฀AND฀LABOUR฀SAVED���฀
+NOWLEDGE฀OF฀HOW฀AND฀WHY฀SPINNING฀MACHINES฀AND฀STEAM฀ENGINES฀ACTUALLY฀WORKED฀
�฀OF฀FRICTION฀DURING฀ROTATION�฀OF฀THE฀RELATIONSHIP฀BETWEEN฀WEIGHT฀AND฀SPEED�฀OF฀THE฀
EFFECTS฀OF฀AIR฀PRESSURE�฀OF฀THE฀CENTRIFUGAL฀PRINCIPLES฀EMPLOYED฀BY฀THE฀ENGINE�S฀GOVERNOR฀
�฀WAS฀NECESSARY฀BEFORE฀THE฀ECONOMICALLY฀RISKY฀STEP฀OF฀DEPLOYING฀THEM฀COULD฀BE฀
UNDERTAKEN฀WITH฀MAXIMUM฀SUCCESS���฀)F฀FOR฀NO฀OTHER฀REASON฀SUCH฀KNOWLEDGE฀INSULATED฀
AGAINST฀FRAUD�฀AND฀AS฀,ARRY฀3TEWART฀HAS฀SHOWN�฀THERE฀WERE฀PLENTY฀OF฀BOGUS฀SCHEMES฀
BEING฀PEDDLED฀BY฀THE฀GULLIBLE฀OR฀THE฀SHREWD�฀!DDRESSING฀ENTREPRENEURS�฀NATURAL฀PHILO

SOPHICAL฀LECTURERS฀FROM฀$ESAGULIERS฀ONWARD฀EAGERLY฀TOLD฀THEM฀WHAT฀THEY฀NEEDED฀TO฀
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KNOW�฀h4HE฀STEAM฀ENGINE฀���฀CANNOT฀BE฀UNDERSTOOD฀WITHOUT฀THE฀PREVIOUS฀EXPLANATION฀
OF฀-ECHANICS�฀(YDROSTATICS�฀AND฀0NEUMATICS�v��฀*AMES฀7ATT฀WOULD฀HAVE฀ADDED฀THE฀
NECESSITY฀OF฀REASONABLY฀SOPHISTICATED฀MATHEMATICAL฀SKILLS฀SUCH฀AS฀HE฀HAD฀ACQUIRED฀
THROUGH฀HIS฀STUDY฀OF฀THE฀.EWTONIAN฀EXPLICATOR฀OF฀THE฀����S�฀7�฀*�฀�S'RAVESANDE���฀

%VENTUALLY�฀BY฀THE฀����S�฀THE฀KNOWLEDGE฀ONCE฀PROMOTED฀BY฀NATURAL฀PHILOSOPHICAL฀
LECTURERS฀AND฀.EWTONIAN฀TEXTBOOKS฀WOULD฀BECOME฀THE฀POSSESSION฀OF฀THE฀UBIQUITOUS฀
ENGINEERS฀WHO�฀FOR฀EXAMPLE฀IN฀,EEDS฀ALONE�฀BY฀����฀HAD฀INSTALLED฀���฀STEAM฀ENGINES฀
THAT�฀ACCORDING฀TO฀A฀CONTEMPORARY฀WITNESS�฀GENERATED฀AT฀LEAST฀����฀UNITS฀OF฀HORSE฀POWER฀
�HP	���฀3TEAM฀POWER฀COULD฀ASSIST฀IN฀SPINNING฀�BUT฀NOT฀WEAVING	฀THREADS฀AND฀ITS฀BOILER฀
USED฀FOR฀A฀STAGE฀IN฀THE฀DYEING฀PROCESS�฀7OOL฀COULD฀ALSO฀BE฀DRESSED฀BY฀STEAM฀DRIVEN฀
MACHINES���฀"Y฀THE฀����S฀THE฀WEAVERS฀AND฀FULLERS฀WHO฀ASPIRED฀TO฀BECOME฀OVERSEERS฀
OF฀ENGINES�฀OR฀MILL฀OWNERS฀THEMSELVES�฀CAME฀TO฀SEE฀THAT฀THE฀MANUFACTURING฀WORLD฀
OF฀THE฀7EST฀2IDING฀HAD฀BEEN฀TRANSFORMED฀IRREPARABLY฀BY฀A฀MECHANICAL฀KNOWLEDGE฀
THAT฀ THEY฀TOO฀NEEDED฀TO฀POSSESS�฀!ND฀THE฀NEW฀MECHANICS�฀ INSTITUTES฀SPONSORED฀BY฀
MANUFACTURERS฀IN฀NEARLY฀EVERY฀TOWN฀OFFERED฀IT฀TO฀THEM�฀"Y฀THAT฀DECADE฀THE฀PUBLICAN฀
*AMES฀+ITSON฀GIVES฀VALUABLE฀EVIDENCE฀OF฀WHAT฀COULD฀BE฀LEARNED฀AT฀SUCH฀AN฀INSTITUTE�฀
(E฀DESCRIBED฀WHAT฀HE฀DID฀NOT฀KNOW฀�฀BEFORE฀HE฀ATTENDED฀THE฀-ECHANICS฀)NSTITUTE฀IN฀
,EEDS฀�฀IN฀THE฀FOLLOWING฀TERMS�฀

)฀HAD฀OBTAINED฀AN฀ORDINARY฀DAY฀SCHOOL฀EDUCATION�฀AS฀A฀KNOWLEDGE฀OF฀THE฀SIMPLE฀
RULES฀OF฀ ARITHMETIC�฀BUT฀WAS฀COMPLETELY฀ IGNORANT฀OF฀ THE฀MOST฀ SIMPLE฀PARTS฀OF฀
PHILOSOPHY�฀)฀KNEW฀THAT฀STEAM฀CAUSED฀THE฀STEAM฀ENGINE฀TO฀WORK�฀BUT฀)฀DID฀NOT฀
KNOW฀HOW฀OR฀WHY�฀)฀KNEW฀THAT฀THE฀PUMP฀CAUSED฀WATER฀TO฀RISE฀OUT฀OF฀A฀WELL�฀BUT฀)฀
ALSO฀BELIEVED฀THAT฀IT฀WAS฀THROUGH฀THE฀AGENCY฀OF฀SUCTION�฀AND฀)฀THOUGHT฀ITS฀POWER฀
WAS฀UNLIMITED฀AS฀TO฀EXTENT���฀

4HROUGH฀EDUCATION฀+ITSON฀ACQUIRED฀A฀DETAILED฀KNOWLEDGE฀OF฀STEAM฀AND฀MECHANICS฀
IN฀GENERAL�฀AND฀WENT฀ON฀TO฀BECOME฀A฀PROSPEROUS฀ENGINEER฀AND฀A฀POLITICAL฀REFORMER฀
IN฀THE฀7HIG฀TRADITION�฀4HE฀LIBRARIES฀AND฀TECHNICAL฀APPARATUS฀OWNED฀BY฀THE฀INSTITUTES฀
ATTEST฀TO฀THE฀IMPORTANCE฀AWARDED฀TO฀LEARNING฀MECHANICS฀AND฀TO฀OBSERVING�฀AS฀WELL฀AS฀
HANDLING�฀STEAM฀ENGINES�฀AIR฀PUMPS�฀AND฀BY฀THE฀����S�฀ELECTRICAL฀DEVICES���

&OCUSING฀ON฀THE฀CEASELESS฀STRIVING฀OF฀INDUSTRIALISTS�฀THEIR฀CONTEMPORARY฀CRITICS฀AND฀
IMITATORS฀LIKE฀+ITSON฀OBSERVED฀THE฀HISTORICAL฀EXPERIENCE฀)฀SEEK฀HERE฀TO฀RECAPTURE�฀!฀
GENERATION฀EARLIER฀IN฀,EEDS฀OPPONENTS฀OF฀THE฀NEW฀MACHINERY฀DESCRIBED฀TECHNOLOGY฀AS฀
CRITICAL�฀THAT฀THE฀EFFORT฀hTO฀CONVERT฀OUR฀WOOL฀INTO฀CLOTH฀���฀BY฀MECHANICAL฀CONTRIVANCES�฀
WITHOUT฀THE฀INTERVENTION฀OF฀HUMAN฀LABOURv฀HAD฀BECOME฀hA฀RACE฀AMONGST฀INDIVIDUALSv�฀
4HE฀PRIVATE฀GREED฀OF฀INDUSTRIALISTS฀PUTS฀hTHE฀PUBLIC฀GOOD฀���฀OUT฀OF฀THE฀QUESTION�฀)T฀
IS฀IN฀REALITY�฀EACH฀ONE฀STRIVING฀AGAINST฀THE฀REST�฀BY฀EVERY฀POSSIBLE฀MEANS�฀TO฀DRAW฀TO฀
HIMSELF฀A฀LARGE฀PROPORTION฀OF฀THE฀BUSINESS฀���฀MECHANICAL฀CONTRIVANCES฀;ARE฀EMPLOYED฀
TO฀ACCOMPLISH฀THIS=�฀EVERY฀ONE฀ENDEAVOURING฀TO฀CARRY฀THEM฀FARTHER฀THAN฀ANOTHER฀FOR฀
HIS฀OWN฀PARTICULAR฀ADVANTAGEv���฀"Y฀�����฀AND฀WELL฀BEFORE�฀CRITICS฀AND฀ENTREPRENEURS฀
ALIKE฀KNEW฀THAT฀MORE฀EFlCIENT฀MACHINES฀WERE฀VITAL฀TO฀ECONOMIC฀SUCCESS�฀THAT฀SPEED฀
AND฀EFlCIENCY฀EQUALLED฀TIME฀AND฀LABOUR฀SAVED�฀PROlT฀EARNED�฀0ERHAPS฀THEIR฀ENEMIES฀
DID฀NOT฀KNOW฀ABOUT฀THE฀TIME฀THE฀SOON
TO
BE
WEALTHY฀SAVANT
TECHNOLOGISTS฀ALSO฀SPENT฀
STUDYING฀AND฀APPLYING฀THE฀SCIENCE฀OF฀THEIR฀DAY�
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)N฀THE฀����S฀THE฀ENGINES฀DEPLOYED฀MOST฀NOTABLY฀BY฀THE฀,EEDS฀MANUFACTURERS�฀*OHN฀
-ARSHALL฀IN฀mAX฀AND฀"ENJAMIN฀'OTT฀IN฀WOOL�฀OPERATED฀MACHINERY฀INVOLVED฀IN฀NEARLY฀
EVERY฀OTHER฀ASPECT฀OF฀THE฀PROCESS฀BY฀WHICH฀BOTH฀lBRES฀WERE฀READIED฀FOR฀WEAVING�฀
AND฀DYED฀OR฀PROCESSED�฀ONCE฀WOVEN�฀!S฀A฀CONSEQUENCE฀-ARSHALL฀AND฀'OTT฀BECAME฀
THE฀ WEALTHIEST฀ AND฀ MOST฀ INmUENTIAL฀ CLOTH฀ MAKERS฀ IN฀ THE฀ TOWN���฀7HAT฀ THEY฀ KNEW฀
ABOUT฀MECHANIZATION�฀AND฀APPLIED฀IN฀THEIR฀FACTORIES�฀LAID฀DOWN฀A฀TEMPLATE฀FOR฀OTHERS฀
TO฀EMULATE฀OR฀ENVY�฀'RADUALLY฀THEY฀BECAME฀CIVIC฀AND฀POLITICAL฀LEADERS�฀"Y฀THE฀����S฀
POWER฀SHIFTED฀AWAY฀FROM฀THE฀LANDED฀GENTRY฀AND฀TOWARD฀MEN฀LIKE฀-ARSHALL฀WHO฀TOOK฀
THEIR฀SEATS฀IN฀0ARLIAMENT�฀!T฀HIS฀DEATH฀IN฀����฀HE฀WAS฀WORTH฀WELL฀OVER฀a����������฀
(E฀HAD฀BUILT฀MULTIPLE฀mAX฀SPINNING฀MILLS�฀ACQUIRED฀A฀COUNTRY฀ESTATE�฀AND฀FORTUNATELY฀
FOR฀US�฀SAVED฀VARIOUS฀NOTEBOOKS฀THAT฀DOCUMENT฀HIS฀PARTICIPATION฀IN฀THE฀SCIENTIlC฀CUL

TURE฀OF฀THE฀LATE฀EIGHTEENTH฀AND฀EARLY฀NINETEENTH฀CENTURIES฀AND฀ITS฀APPLICATION฀IN฀THE฀
MECHANIZATION฀OF฀HIS฀FACTORIES�฀

.O฀ONE฀CARRIED฀THE฀MECHANICAL฀CONTRIVANCES฀FOR฀THEIR฀OWN฀ADVANTAGE฀�฀TO฀PARA

PHRASE฀THEIR฀CRITICS฀�฀FURTHER฀THAN฀*OHN฀-ARSHALL฀AND฀"ENJAMIN฀'OTT�฀)N฀THE฀����S฀
BOTH฀INSTALLED฀��HP฀"OULTON฀�฀7ATT฀ENGINES฀IN฀THEIR฀FACTORIES�฀AND฀BY฀����฀-ARSHALL�S฀
VARIOUS฀mAX฀MILLS฀USED฀lVE฀OR฀MORE฀ENGINES�฀WITH฀THE฀LARGEST฀PRODUCING฀��HP฀AND฀
MADE฀BY฀HIS฀ASSOCIATES�฀&ENTON฀�฀#O�฀"UT฀DID฀HE฀UNDERSTAND฀HOW฀ THESE฀ENGINES฀
WORKED�฀&ROM฀DETAILED฀NOTES฀TAKEN฀BY฀HIM฀AT฀THE฀TIME�฀WE฀KNOW฀THAT฀IN฀�����฀AT฀A฀
LARGE฀ROOM฀IN฀(ODGSON�S฀!CADEMY�฀-ARSHALL฀ATTENDED฀A฀SET฀OF฀��฀LECTURES฀GIVEN฀BY฀
THE฀ITINERANT฀LECTURER�฀-R฀"OOTH฀�SEE฀&IGURE฀�	���฀4HESE฀DWELT฀EXTENSIVELY฀ON฀MECHAN

ICS�฀HYDROSTATICS�฀PNEUMATICS�฀CHEMISTRY�฀ASTRONOMY�฀OPTICS�฀ELECTRICITY�฀PUMPS�฀AND฀
AS฀WE฀KNOW฀FROM฀-ARSHALL�S฀LECTURE฀NOTES�฀ONE฀WAS฀DEVOTED฀ENTIRELY฀TO฀THE฀STEAM฀
ENGINE฀AND฀OTHER฀DEVICES���฀

'IVEN฀THE฀CONTENT฀OF฀THE฀CHEMICAL฀LECTURES�฀WE฀CAN฀WITH฀REASONABLE฀CONlDENCE฀
IDENTIFY฀-R฀"OOTH฀AS฀LOOSELY฀A฀FOLLOWER฀OF฀0RIESTLEY�S฀PHLOGISTON฀THEORY�฀%RIC฀2OBINSON฀
TELLS฀US฀THAT฀A฀h-R฀"OOTHv฀IS฀MENTIONED฀IN฀A฀LETTER฀OF฀����฀TO฀*OSEPH฀0RIESTLEY฀WHERE฀IT฀

-ARSHALL฀ -33�฀ -3฀ �������฀ *OHN฀ -ARSHALL�S฀ NOTES฀ ON฀ -R�฀ "OOTH�S฀ 0HILOSOPHICAL฀ ,ECTURES�฀
$ECEMBER฀ �����฀ THE฀ OPENING฀ LECTURE�฀7ITH฀ KIND฀ PERMISSION฀ FROM฀ 3PECIAL฀ #OLLECTIONS�฀4HE฀
"ROTHERTON฀,IBRARY�฀,EEDS฀5NIVERSITY�

&)'�฀��฀
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IS฀SAID฀THAT฀HE฀IS฀SEEKING฀A฀RECOMMENDATION�฀7HILE฀ONE฀CANNOT฀BE฀ABSOLUTELY฀CERTAIN�฀
THIS฀IS฀MOST฀PROBABLY฀"ENJAMIN฀"OOTH�฀A฀NATURAL฀PHILOSOPHICAL฀LECTURER฀OF฀THE฀PERIOD฀
WHO฀WAS฀INVOLVED฀IN฀THE฀CIRCLES฀OF฀THE฀����S฀ASSOCIATED฀WITH฀SUPPORT฀FOR฀THE฀&RENCH฀
2EVOLUTION���฀4HE฀ASSOCIATION฀OF฀RADICALS฀AND฀SCIENTIlC฀CIRCLES฀WAS฀A฀COMMONPLACE฀OF฀
THE฀TIME�฀/F฀COURSE�฀FROM฀����฀TO฀����฀0RIESTLEY฀WAS฀THE฀MINISTER฀AT฀-ILL฀(ILL฀#HAPEL฀
IN฀,EEDS�฀A฀5NITARIAN฀ESTABLISHMENT฀THAT฀THE฀YOUNG฀-ARSHALL฀�B�฀����	฀ATTENDED���฀7E฀
CAN฀ONLY฀WONDER฀IF฀0RIESTLEY�฀BY฀����฀RELOCATED฀TO฀"IRMINGHAM�฀MIGHT฀HAVE฀URGED฀
"OOTH฀TO฀TACKLE฀,EEDS�฀OR฀RECOMMENDED฀HIM฀TO฀MEMBERS฀OF฀HIS฀OLD฀CONGREGATION�฀
0ERHAPS฀SOMEONE฀FROM฀THE฀'OTT฀FAMILY฀WAS฀ALSO฀PRESENT฀AT฀HIS฀LECTURES฀AS฀THE฀FAMILY฀
CAN฀BE฀ASSOCIATED฀WITH฀SUCH฀INTERESTS�฀/NE฀*OHN฀'OTT฀�D�฀����	฀�฀POSSIBLY฀RELATED฀
�฀APPEARS฀ON฀A฀MEMBERSHIP฀LIST฀OF฀A฀DINING฀CLUB฀OF฀ENGINEERS฀WHO฀FROM฀����฀MET฀
AROUND฀ *OHN฀ 3MEATON�฀ "ENJAMIN�S฀ HALF
BROTHER�฀7ILLIAM�฀ LEFT฀ BEHIND฀ A฀ NOTEBOOK฀
lLLED฀WITH฀ENGINEERING฀TERMS฀AND฀THEIR฀DElNITIONS���฀4HE฀'OTTS�฀LIKE฀THE฀7ATTS�฀HAD฀
SCIENTIlC฀KNOWLEDGE฀IN฀THE฀FAMILY���

7HEN฀ADVERTISING฀HIS฀UPCOMING฀LECTURES฀IN฀THE฀,EEDS฀INTELLIGENCER฀FOR฀$ECEMBER฀
����฀-R฀"OOTH฀CLAIMED฀THAT฀HE฀HAD฀INVESTED฀OVER฀a����฀IN฀HIS฀DEMONSTRATION฀EQUIP

MENT฀AND฀THAT�฀IN฀AGGREGATE�฀IT฀WEIGHED฀OVER฀�฀TONS���฀%VEN฀ALLOWING฀FOR฀EXAGGERA

TION�฀THIS฀WAS฀A฀FORMIDABLE฀ARSENAL฀THAT฀MUST฀HAVE฀INCLUDED฀AIR฀PUMPS฀AND฀ORRERIES�฀
LEVERS�฀PULLEYS�฀HYDROMETERS�฀ELECTRICAL฀DEVICES�฀AND�฀HERE฀)฀AM฀GOING฀TO฀HYPOTHESIZE�฀
POSSIBLY฀A฀SMALL฀STEAM฀ENGINE�฀OR฀ITS฀REPLICA�฀0ERHAPS฀ONLY฀SOMETHING฀QUITE฀THAT฀BIG฀
WOULD฀HAVE฀GIVEN฀-R฀"OOTH฀SUBSTANTIAL฀TONNAGE�฀EVEN฀IF฀IT฀WAS฀NOT฀AS฀MUCH฀AS฀HE฀
WAS฀CLAIMING�฀7E฀KNOW฀THAT฀SUCH฀DEMONSTRATION฀REPLICAS฀EXISTED฀BECAUSE฀EARLY฀IN฀
THE฀NEXT฀CENTURY฀INSTRUMENT฀MAKERS฀LISTED฀THEM฀IN฀THEIR฀CATALOGUES�฀AND฀TWO฀DECADES฀
BEFORE฀"OOTH฀LECTURED�฀*OHN฀3MEATON฀INFORMED฀*AMES฀7ATT฀THAT฀HE฀HAD฀GONE฀HOME฀
AND฀BUILT฀ONE฀SO฀AS฀TO฀TEST฀OUT฀7ATT�S฀CLAIMS฀ABOUT฀THE฀ENERGY฀THAT฀HIS฀ENGINE฀COULD฀
DELIVER���฀4HE฀6ICTORIA฀AND฀!LBERT฀-USEUM฀POSSESSES฀A฀SINGLE฀CONDENSER฀ENGINE฀FROM฀
THE฀LATE฀EIGHTEENTH฀CENTURY฀THAT฀WAS฀BUILT฀ON฀THE฀SCALE฀OF฀�฀TO฀�����฀$ETAILED฀PRINTED฀
LECTURES฀ON฀MECHANICS฀IN฀THIS฀PERIOD฀ALSO฀EMPLOYED฀ENGRAVINGS฀THAT฀DEPICTED฀ALL฀THE฀
PARTS฀OF฀THE฀ENGINE���฀)N฀����฀!DAM฀7ALKER�S฀NATURAL฀PHILOSOPHICAL฀LECTURES฀INCLUDED฀
A฀LIST฀OF฀THE฀MACHINERY฀FOUND฀IN฀HIS฀7INTER฀,ECTURE฀2OOM�฀IN฀#ONDUIT฀3TREET�฀(ANOVER฀
3QUARE�฀AND฀IT฀INCLUDED฀h"OULTON�฀"LAKEY�฀3MEATON�S฀AND฀THE฀COMMON฀lRE฀OR฀STEAM฀
ENGINEv�฀(E฀CLAIMED฀THAT฀THEY฀COULD฀NOT฀BE฀REMOVED฀BECAUSE฀OF฀THEIR฀SIZE�฀AND฀WERE฀
USED฀TO฀ILLUSTRATE฀THE฀LECTURE฀ON฀MECHANICS���฀4HE฀POSSIBILITY฀THAT฀"OOTH฀ALSO฀DISPLAYED฀
DEMONSTRATION฀STEAM฀ENGINES฀TAKES฀ON฀ADDITION฀PLAUSIBILITY฀WHEN฀HE฀TELLS฀THE฀FORTY฀
SUBSCRIBERS฀HE฀SEEKS฀TO฀ENROLL฀�AT฀THE฀COST฀OF฀ONE฀GUINEA฀EACH	฀THAT฀HE฀CAN฀GIVE฀ONLY฀
ONE฀COURSE฀OF฀LECTURES฀IN฀,EEDS฀BECAUSE฀HE฀HAS฀OBLIGATIONS฀IN฀"IRMINGHAM���฀!LTHOUGH฀
NOT฀�฀AS฀FAR฀AS฀WE฀KNOW฀�฀A฀MEMBER฀OF฀THE฀,UNAR฀3OCIETY�฀"OOTH฀WOULD฀SEEM฀TO฀
BELONG฀ON฀ITS฀FRINGES�

)TINERANT฀LECTURERS฀WERE฀WELL฀KNOWN฀IN฀MANUFACTURING฀CIRCLES�฀*OSIAH฀7EDGWOOD�฀
WHOSE฀OWN฀FACTORY฀WORKED฀ALSO฀AS฀AN฀EXPERIMENTAL฀SITE�฀WAS฀IN฀CONSTANT฀COMMU

NICATION฀WITH฀CHEMICAL฀AND฀MECHANICAL฀LECTURERS฀SUCH฀AS฀7ILLIAM฀,EWIS฀AND฀*AMES฀
&ERGUSON���฀4HE฀3COTTISH฀LECTURER฀IN฀MECHANICS�฀$R฀*AMES฀$INWIDDIE฀�B�฀����	฀WHO฀
TRAVELLED฀"RITAIN฀GIVING฀LECTURES฀IN฀h-ECHANICSv�฀DISPLAYED฀INTEREST฀IN฀TOPICS฀DIRECTLY฀
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RELEVANT฀TO฀MANUFACTURING�฀THE฀SPEED฀OF฀WATER฀WHEELS�฀THE฀MOST฀EFlCIENT฀AND฀ACCURATE฀
PENDULUM฀CLOCKS�฀THE฀BEST฀USE฀OF฀PULLEYS�฀FRICTION฀IN฀MILL฀WORKS�฀THE฀BEST฀METHODS฀
OF฀PUMPING฀WATER�฀ THE฀DIMENSIONS฀OF฀CARDING฀MACHINES�฀ROTATIVE฀MOTION�฀ THE฀BEST฀
METAL฀ TO฀USE฀ IN฀ LATHES�฀AND฀NOT฀ LEAST฀AND฀OF฀MORE฀GENERAL฀ INTEREST�฀hWHY฀SHOULD฀A฀
DIMINUTION฀OF฀GRAVITY฀PRODUCE฀A฀SLOWER฀MOTION฀AT฀THE฀EQUATORv���฀4HIS฀UNIVERSITY

EDUCATED฀STUDENT฀OF฀NATURAL฀PHILOSOPHY฀TOOK฀EXTENSIVE฀NOTES฀ON฀EVERY฀MACHINE฀THAT฀
HE฀SAW฀AND฀LEFT฀AN฀EXPERIMENT฀BOOK฀THAT฀SHOWS฀HIM฀EXAMINING฀HOW฀BETTER฀TO฀DRY฀
SILK฀AND฀REMOVE฀CATARACTS฀WHILE฀ALSO฀USING฀ELECTROMETERS฀AND฀MICROSCOPES�฀(E฀DID฀
CHEMICAL฀EXPERIMENTS�฀ATTEMPTED฀TO฀ETCH฀GLASS�฀AND฀TRIED฀TO฀lGURE฀OUT฀hTHE฀DEGREES฀
OF฀HEAT฀AT฀WHICH฀WATER฀BOILS฀UNDER฀DIFFERENT฀PRESSURES฀OF฀THE฀!TMOSPHEREv�฀(E฀ALSO฀
FOLLOWED฀7ATT�S฀EXPERIMENTS฀ON฀THE฀TEMPERATURES฀GENERATED฀BY฀STEAM���฀(IS฀MIND฀
WAS฀BOTH฀THEORETICALLY฀AND฀PRACTICALLY฀TRAINED�฀AND฀ALL฀NATURAL฀PHENOMENA฀AS฀WELL฀AS฀
HUMAN฀ARTIlCE฀INTERESTED฀HIM�฀,ECTURERS฀KNEW฀THAT฀TO฀MAKE฀A฀LIVING฀THEY฀HAD฀TO฀OFFER฀
IMPROVEMENTS฀IN฀A฀WIDE฀VARIETY฀OF฀ENTERPRISES�฀%VEN฀2ICHARD฀7ATSON�฀A฀CHEMICAL฀
LECTURER฀IN฀SUCH฀AN฀APPARENTLY฀ABSTRACT฀PLACE฀AS฀#AMBRIDGE�฀ARGUED฀THAT฀hTHE฀USES฀OF฀
CHEMISTRY฀���฀IN฀EVERY฀ECONOMICAL฀ART฀ARE฀TOO฀EXTENSIVE฀TO฀BE฀ENUMERATEDv���฀)N฀TOWN฀
AFTER฀TOWN�฀WHEN฀THESE฀LECTURERS฀TRAVELLED฀THEY฀WERE฀BASICALLY฀CHASING฀AFTER฀THE฀SAME฀
AUDIENCES฀AS฀WAS฀-R฀"OOTH�

4HE฀,EEDS฀AUDIENCE฀OF฀-R฀"OOTH฀PROBABLY฀HAD฀QUITE฀A฀FEW฀MANUFACTURERS฀WITH฀
hECONOMICALv฀INTERESTS�฀ALTHOUGH฀ONLY฀-ARSHALL฀�฀AS฀FAR฀AS฀WE฀NOW฀KNOW฀�฀LEFT฀SUCH฀
A฀DETAILED฀ACCOUNT฀OF฀WHAT฀"OOTH฀SAID�฀"Y฀DWELLING฀ON฀HIS฀LECTURES�฀AS฀REVEALED฀AND฀
lLTERED฀THROUGH฀THE฀NOTATIONS฀MADE฀BY฀-ARSHALL�฀WE฀GET฀CLOSER฀TO฀THE฀SCIENTIlC฀WAY฀
OF฀THINKING฀THAT฀CLOTH฀ENTREPRENEURS฀COULD฀IMBIBE฀AT฀SUCH฀LECTURES�฀AS฀WELL฀AS฀FROM฀
READING฀IN฀SCIENTIlC฀LITERATURE�฀ALSO฀ANNOTATED฀IN฀THE฀SAME฀NOTE฀BOOK฀WHERE฀-ARSHALL฀
RECORDED฀WHAT฀HE฀HEARD฀AT฀"OOTH�S฀LECTURES�฀"EFORE฀TURNING฀TO฀-ARSHALL�S฀DETAILED฀
DISCUSSIONS฀OF฀ THE฀MANY฀hEXPERIMENTSv฀�฀ TO฀USE฀HIS฀WORD฀�฀ THAT฀HE฀UNDERTOOK฀
ON฀HIS฀FACTORY฀EQUIPMENT฀AND฀IN฀DYEING�฀EXPERIMENTS฀THAT฀BEGAN฀IN฀THE฀LATE฀����S฀
AND฀CONTINUED฀INTO฀THE฀NEXT฀GENERATION฀OF฀-ARSHALLS฀WHO฀INHERITED฀THE฀MILLS���฀WE฀
WANT฀TO฀KNOW฀WHAT฀-ARSHALL฀LEARNED฀IN฀THOSE฀WINTRY฀AFTERNOONS฀OR฀EARLY฀EVENINGS฀AT฀
(ODGSON�S฀!CADEMY�

)N฀ A฀ FORMAT฀ TYPICAL฀ OF฀ EIGHTEENTH
CENTURY฀ SCIENTIlC฀ COURSES฀ IN฀ THE฀ .EWTONIAN฀
TRADITION฀�฀FROM฀(AWKSBEE฀TO฀$ALTON฀�฀"OOTH฀BEGAN฀WITH฀THE฀VERY฀STRUCTURE฀AND฀
UNIFORMITY฀OF฀MATTER���฀4HROUGHOUT฀)฀QUOTE฀FROM฀-ARSHALL�S฀NOTES฀ON฀THE฀lRST฀AND฀
SUBSEQUENT฀LECTURES�฀h/N฀MATTER฀CONSISTING฀OF฀ATOMS฀NOT฀DISCERNIBLE฀BY฀THE฀EYE฀NOR฀
GLASSES�฀NOT฀CAPABLE฀OF฀BEING฀PRODUCED฀OR฀ANNIHILATED฀���฀�฀PROPERTIES฀OF฀MATTER฀CON

SIDERED�฀ ITS฀EXTENSION�฀ SOLIDITY�฀DIVISIBILITY�฀CAPABILITY฀OF฀MOTION฀�฀VIS฀ INERTIAE�v��฀
!LTHOUGH฀NOT฀NOTED฀BY฀-ARSHALL�฀ALMOST฀CERTAINLY฀AT฀THIS฀POINT฀"OOTH฀WOULD฀HAVE฀
GONE฀ON฀TO฀EXPLICATE฀UNIVERSAL฀GRAVITATION฀AND฀THE฀LAWS฀OF฀LOCAL฀MOTION�฀#ERTAINLY฀
WE฀KNOW฀THAT฀h4HE฀DIFFERENT฀ATTRACTIONS฀OF฀MATTER฀WERE฀CONSIDERED฀THE฀ATTRACTION฀OF฀
COHESION�฀OF฀GRAVITY�฀OF฀ELECTRICITY฀���฀�฀A฀LONG฀DISSERTATION฀WITH฀SEVERAL฀EXPERIMENTS฀
ON฀ELECTIVE฀ATTRACTIONS�฀THE฀KNOWLEDGE฀OF฀WHICH฀IS฀OF฀GREAT฀IMPORTANCE฀TO฀CHEMISTRY฀
�฀MINERALOGYv���

)N฀THE฀SAME฀lRST฀LECTURE฀"OOTH฀MENTIONED฀PHLOGISTON฀AND฀DESCRIBED฀AN฀EXPERIMENT฀
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hMADE฀OF฀BURNING฀A฀PIECE฀OF฀IRON฀WIRE฀IN฀A฀BOTTLE฀OF฀PURE฀AIR฀WHICH฀BEING฀LIGHTED฀
AT฀ONE฀END฀BURNT฀ENTIRELY฀AWAY฀MELTED฀�฀DROPPED฀DOWN฀REDUCED฀TO฀A฀PERFECT฀CALXv�฀
)MMEDIATELY฀ITS฀INDUSTRIAL฀APPLICATION฀FOLLOWS�฀hWHICH฀SHOWS฀THE฀WONDERFUL฀EFFECT฀
THAT฀WOULD฀BE฀PRODUCED฀BY฀BLOWING฀PURE฀AIR฀INTO฀FURNACES฀INSTEAD฀OF฀COMMON฀AIR฀FOR฀
NO฀FURNACE฀WILL฀MELT฀WROUGHT฀IRON฀���v���฀)N฀THE฀LECTURE฀ON฀PNEUMATICS฀THE฀WEIGHT฀OF฀
ATMOSPHERIC฀AIR฀ON฀A฀MAN฀;AND฀HENCE฀ON฀A฀MACHINE=฀IS฀GIVEN฀AS฀THE฀EQUIVALENT฀OF฀��฀
TONS���฀4HE฀lRST฀LECTURE฀SET฀THE฀PATTERN฀OF฀ALL฀THE฀OTHERS�฀4HEORY฀MIXED฀EFFORTLESSLY฀
WITH฀THE฀MOST฀BASIC฀APPLICATIONS�฀SCIENCE฀WITH฀TECHNOLOGY�฀WITH฀EXPLANATIONS฀OF฀HOW฀
SYPHONS฀AND฀PUMPS฀WORKED�฀INCLUDING฀ONE฀SAID฀TO฀HAVE฀BEEN฀INVENTED฀BY฀"OOTH�฀4HE฀
DISCUSSION฀OF฀THE฀BEST฀METHOD฀FOR฀RAISING฀WATER฀IS฀FOLLOWED฀IMMEDIATELY฀BY฀.EWTON฀
ON฀THE฀TIDES�฀h.EWTON฀ATTRIBUTED฀THE฀TIDE฀ON฀THE฀OPPOSITE฀SIDE฀OF฀THE฀EARTH฀FROM฀THE฀
MOON฀TO฀THE฀SOLID฀PART฀OF฀THE฀EARTH฀BEING฀MORE฀ATTRACTED฀THAN฀THE฀WATER฀ON฀THE฀OPPOSITE฀
SIDE฀�฀BEING฀AS฀IT฀WERE฀DRAWN฀AWAY฀FROM฀ITv฀�SEE฀&IGURE฀�	���

4HE฀DETAILED฀LECTURE฀IN฀HYDRAULICKS฀DISCUSSED฀THE฀COMMONPLACE฀ERRORS฀IN฀THE฀CON

STRUCTION฀OF฀PUMPS�฀THAT฀IS฀hPLACING฀THE฀LOW฀VALVE฀TOO฀HIGH฀���฀IT฀OUGHT฀TO฀BE฀PLACED฀AS฀
NEAR฀AS฀POSSIBLE฀TO฀THE฀SURFACE฀OF฀THE฀WATER฀BECAUSE฀THERE฀THE฀WATER฀ASCENDING฀ACTS฀
WITH฀THE฀GREATEST฀VELOCITY฀AND฀FORCEv�฀AS฀WELL฀AS฀MAKING฀THE฀WINDBORE฀OF฀A฀LESSER฀
DIAMETER฀THAN฀THE฀WORKING฀BAR฀WHEN฀hTHEY฀OUGHT฀TO฀BE฀THE฀SAME฀DIAMETERv�฀"OOTH฀
THEN฀GAVE฀A฀DEMONSTRATION฀OF฀HIS฀MODEL฀PUMP฀THAT฀MOVED฀WATER฀BY฀A฀CONTINUOUS฀
CIRCULAR฀MOTION���฀!NOTHER฀PUMP�฀HE฀TOLD฀HIS฀AUDIENCE�฀COULD฀hAT฀A฀STROKE฀DRAIN฀WATER฀
BOTH฀BY฀THE฀PISTON�S฀ASCENDING฀AND฀DESCENDING฀���฀THE฀PIECE฀OF฀WOOD฀THEN฀FALLS฀TO฀THE฀
BOTTOM฀AND฀RAISES฀A฀QUANTITY฀OF฀WATER฀EQUAL฀TO฀ITS฀OWN฀WEIGHT฀AT฀THE฀OTHER฀END฀OF฀A฀
BEAMv�฀/N฀THE฀VERY฀NEXT฀PAGE฀-ARSHALL฀RECOUNTED฀.EWTON฀ON฀THE฀TIDES�฀THEN฀NOTED฀
THAT฀ANOTHER฀SCIENTIlC฀LECTURER฀OF฀THE฀PERIOD�฀*AMES฀&ERGUSON�฀ASCRIBED฀THEIR฀MOTION฀
TO฀hTHE฀CENTRIFUGAL฀FORCE฀ARISING฀FROM฀THE฀EARTH�S฀MOVING฀ROUND฀ITS฀COMMON฀CENTER฀
OF฀GRAVITY฀WITH฀THE฀MOON�฀4HE฀CENTER฀OF฀GRAVITY฀IS฀ABOUT฀����฀MILES฀FROM฀THE฀SURFACE฀
OF฀THE฀EARTHv�฀)N฀THE฀NEXT฀BREATH�฀IT฀WOULD฀SEEM฀�฀OR฀CERTAINLY฀IN฀-ARSHALL�S฀NEXT฀
SENTENCE฀�฀WE฀ARE฀TOLD฀THAT฀WITH฀PUMPS฀VIBRATION฀DECREASES฀VELOCITY�฀AND฀THE฀BEST฀
VALVE฀OR฀CLACK฀TO฀USE฀IS฀A฀MITRED฀ONE���฀4HE฀SAME฀FORCES฀THAT฀ACTED฀ON฀THE฀PUMP฀ACTED฀
ON฀THE฀TIDES�

!FTER฀DETAILED฀LECTURES฀ON฀ASTRONOMY�฀OPTICKS�฀PNEUMATICK฀CHEMISTRY฀AND฀ELECTRIC

ITY�฀MECHANICS฀FOLLOWED�฀!S฀DID฀SO฀MANY฀OF฀THE฀NATURAL฀PHILOSOPHICAL฀LECTURES฀OF฀THE฀
EIGHTEENTH฀CENTURY�฀THIS฀LECTURE฀BEGAN฀WITH฀BASICS�฀THE฀LEVER�฀

4HERE฀IS฀ONLY฀ONE฀POWER฀IN฀MECHANICS฀VIZ฀THE฀LEVER฀�฀ALL฀OTHERS฀ARE฀RESOLVABLE฀
INTO฀THIS�฀4HE฀QUANTITY฀OF฀POWER฀GAINED฀IS฀EXACTLY฀EQUAL฀TO฀THE฀TIME฀LOST�฀4HE฀
LENGTH฀OF฀A฀CROOKED฀LEVER฀IS฀TO฀BE฀MEASURED฀BY฀DROPPING฀A฀PERPENDICULAR฀FROM฀
THE฀FULCRUM฀TO฀THE฀LINE฀OF฀DIRECTION฀OF฀THE฀TWO฀POWERS฀�฀&RICTION฀IS฀EQUAL฀TO฀THE฀
WEIGHT฀�฀VELOCITY฀OF฀THE฀MOVING฀BODY�฀�฀DOES฀NOT฀AT฀ALL฀DEPEND฀UPON฀ITS฀GREATER฀
OR฀SMALLER฀SURFACE�฀4HIS฀WAS฀PROVED฀BY฀A฀PIECE฀OF฀WOOD฀ON฀AN฀INCLINED฀PLANE฀
WHICH฀REQUIRED฀THE฀SAME฀WEIGHT฀TO฀DRAW฀IT฀UP฀ON฀ITS฀EDGE฀AS฀ON฀THE฀mAT฀SIDE฀WHICH฀
HAD฀�฀TIMES฀THE฀SURFACE�฀4HE฀PIVOTS฀OF฀WHEELS฀SHOULD฀BE฀SMALL฀BECAUSE฀OF฀HAVING฀
LESS฀VELOCITY฀BUT฀LONG฀THAT฀THEY฀MAY฀NOT฀WEAR฀THE฀STEPS฀BY฀HAVING฀TOO฀GREAT฀A฀
WEIGHT฀ON฀A฀SMALL฀SURFACE���
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4HE฀VERY฀NEXT฀LECTURE�฀DEVOTED฀ENTIRELY฀TO฀WATER฀WHEELS฀AND฀STEAM฀ENGINES�฀IS฀LISTED฀
IN฀-ARSHALL�S฀NOTES�฀BUT฀THE฀DETAILS฀ARE฀NOT฀ELABORATED฀UPON�฀.OTES฀TAKEN฀ON฀A฀BOOK฀
ABOUT฀HEAT�฀SOME฀lFTEEN฀YEARS฀LATER�฀DETAIL฀-ARSHALL�S฀CONTINUING฀INTEREST฀IN฀STEAM฀
AND฀ITS฀MANIPULATION���฀

4HE฀TIME฀HAS฀COME฀TO฀PASS฀FROM฀-ARSHALL�S฀RICH฀NOTES฀ON฀"OOTH�S฀SCIENTIlC฀LECTURES฀
�฀RARE฀THOUGH฀THE฀SURVIVAL฀OF฀SUCH฀NOTES฀MAY฀BE฀�฀AND฀TURN฀TO฀THE฀PERVASIVE฀SCIENTIlC฀
MIND฀SET฀THAT฀-ARSHALL฀BROUGHT฀TO฀HIS฀EARLY฀INDUSTRIAL฀AND฀TECHNOLOGICAL฀ACTIVITIES฀ON฀
THE฀FACTORY฀mOOR�฀)฀AM฀NOT฀ARGUING฀THAT฀-ARSHALL�S฀APPROACH฀TO฀MECHANICAL฀PROBLEMS฀
DERIVED฀DIRECTLY฀OR฀ENTIRELY฀FROM฀"OOTH�฀3UCH฀AN฀ARGUMENT฀WOULD฀IMPOVERISH฀THE฀
MULTIPLE฀SOURCES฀AVAILABLE฀TO฀THE฀*OHN฀-ARSHALLS฀OF฀THE฀����S�฀CONVERSATIONS฀WITH฀
ENGINEERS฀�MANY฀OF฀WHICH฀HE฀RECORDED	���฀CONSULTATIONS฀WITH฀FELLOW฀ENTREPRENEURS�฀
EVEN฀COMPETITORS�฀THE฀LONG฀HOURS฀SPENT฀TINKERING฀AND฀TESTING฀ROLLERS�฀SPINDLES�฀DYEING฀
TECHNIQUES฀�฀ALL฀WERE฀IMPORTANT�฀"UT฀)฀AM฀ARGUING฀THAT฀SCIENTIlC฀KNOWLEDGE฀AND฀METH

ODS฀�฀IN฀BOTH฀MECHANICS฀AND฀CHEMISTRY฀�฀REMARKABLY฀SIMILAR฀TO฀WHAT฀-R฀"OOTH�฀AND฀
NUMEROUS฀OTHER฀NATURAL฀PHILOSOPHICAL฀LECTURERS฀DISPLAYED฀�฀INFORMED฀THE฀APPROACH฀
-ARSHALL฀AND฀HIS฀ENGINEER฀EMPLOYEE�฀-ATTHEW฀-URRAY�฀TOOK฀ON฀THE฀FACTORY฀mOOR�฀4HERE฀
MECHANICAL฀SCIENCE฀AND฀CHEMISTRY฀BECAME฀PART฀OF฀THE฀PROCESS฀OF฀APPLICATION฀AND฀INNO

VATION�฀WHETHER฀WITH฀REGARD฀TO฀MACHINES฀OR฀BLEACHING฀AND฀DYEING฀TECHNIQUES�฀

4HIS฀WAS฀SCIENCE฀ON฀THE฀SHOP฀mOOR�฀AND฀WITHOUT฀SEEING฀ITS฀ROLE฀WE฀CANNOT฀SEE฀THE฀
DISTINCT฀CULTURAL฀ELEMENTS฀THAT฀WENT฀INTO฀THE฀EARLY฀)NDUSTRIAL฀2EVOLUTION�฀.OWHERE฀

-ARSHALL฀-33�฀-3฀�������฀ FF�฀ ��n���฀ h4HEORY฀OF฀7HEELSv�฀WHERE฀WE฀ SEE฀AN฀EARLY฀ REFERENCE฀
TO฀-ARSHALL�S฀ASSISTANT�฀-ICHAEL฀-URRAY�฀7ITH฀KIND฀PERMISSION฀ FROM฀3PECIAL฀#OLLECTIONS�฀4HE฀
"ROTHERTON฀,IBRARY�฀,EEDS฀5NIVERSITY�

&)'�฀��฀
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ELSE฀IN฀%UROPE�฀OR฀THE฀WORLD�฀DID฀THIS฀PARTICULARLY฀APPLIED฀VERSION฀OF฀MECHANICAL฀SCI

ENCE฀TAKE฀HOLD฀SO฀EARLY฀AND฀SO฀DECISIVELY�฀AND฀IT฀CONTRIBUTED฀TO฀MAKING฀,EEDS฀BY฀THE฀
����S฀THE฀FOREMOST฀CENTRE฀FOR฀WOOLLEN฀CLOTH฀IN฀THE฀7ESTERN฀WORLD�฀"Y฀THE฀����S฀THE฀
CITY฀AND฀THE฀-ARSHALL฀lRM฀LED฀THE฀COUNTRY฀IN฀LINEN฀PRODUCTION���

.%74/.)!.฀"/"").3

7HEN฀-ARSHALL฀EXPERIMENTED฀WITH฀HIS฀EQUIPMENT฀IN฀ORDER฀TO฀IMPROVE฀ITS฀EFlCIENCY฀
HE฀DID฀SO฀WITH฀MATHEMATICAL฀PRECISION฀AND฀WITH฀REFERENCE฀TO฀GENERAL฀LAWS���฀(E฀WAS฀
ALSO฀ A฀ CONSUMMATE฀ TECHNOLOGIST�฀ INTENSELY฀ INTERESTED฀ IN฀ MACHINES฀ EMPLOYED฀ BY฀
OTHERS฀OR฀IN฀OTHER฀INDUSTRIES�฀SUCH฀AS฀THOSE฀USED฀IN฀COTTON฀SPINNING���฀7ITH฀HIS฀OWN฀
MACHINERY฀FRICTION฀WAS฀A฀MATTER฀OF฀PARTICULAR฀CONCERN�฀4HIS฀QUOTATION฀FROM฀ONE฀OF฀
HIS฀EXPERIMENT฀BOOKS฀DATED฀����฀DEMONSTRATES฀HOW฀CALCULATION฀AND฀GENERALIZATION฀
lGURED฀NOTICEABLY฀IN฀HIS฀SCIENTIlC฀AND฀TECHNOLOGICAL฀STYLE�฀

4HE฀TEETH฀OF฀TWO฀WHEELS฀WORKING฀TOGETHER฀MUST฀NECESSARILY฀RUB฀AGAINST฀ONE฀ANOTHER฀
OVER฀SO฀MUCH฀SPACE฀AS฀THE฀DIFFERENCE฀OF฀LENGTH฀OF฀TWO฀RADII฀MEETING฀AT฀THE฀CENTER฀
OF฀ACTION฀OF฀THE฀TWO฀WHEELS฀�฀OF฀TWO฀RADII฀MEETING฀AT฀THE฀THICKNESS฀OF฀A฀TOOTH฀
FROM฀THE฀CENTER฀OF฀ACTION�฀WHICH฀IS฀THE฀PLACE฀WHERE฀THE฀TEETH฀lRST฀BEGIN฀TO฀ACT�฀
#ONSEQUENTLY฀THE฀lNER฀THE฀PITCH฀�฀THE฀LESS฀FRICTION฀THERE฀WILL฀BE฀UPON฀THE฀TEETH�฀
4HE฀BEST฀FORM฀OF฀THE฀TEETH฀OF฀WHEELS฀IS฀THAT฀WHICH฀IS฀THE฀STRONGEST฀�฀AT฀THE฀SAME฀
TIME฀ADMITS฀NO฀TOOTH฀TO฀COME฀INTO฀CONTACT฀BUT฀THAT฀WHICH฀IS฀IN฀ACTION���฀

4HE฀FORM฀OF฀THE฀TOOTH฀IS฀THEREFORE฀DETERMINED฀BY฀THE฀RELATIVE฀DIAMETERS฀OF฀THE฀WHEELS฀
WHICH฀ARE฀TO฀WORK฀TOGETHER�฀-ARSHALL฀BELIEVED฀THAT฀FRICTION฀OCCURRED฀MOST฀AT฀THE฀EXACT฀
POINT฀WHERE฀THE฀CIRCUMFERENCE฀OF฀THE฀TOOTH฀MET฀THE฀WHEEL�฀(E฀CONTINUES�฀h4O฀lND฀THE฀
TRUE฀FORM฀OF฀THE฀TEETH฀OF฀TWO฀WHEELS฀OF฀EQUAL฀DIAMETERS฀DRAW฀THE฀PITCH฀LINE฀AT฀HALF฀THE฀
DEPTH฀OF฀THE฀TEETH�฀�฀SETTING฀ONE฀LEG฀OF฀YOUR฀COMPASSES฀ON฀THE฀PITCH฀LINE฀IN฀THE฀MIDDLE฀
OF฀ONE฀TOOTH฀DRAW฀THE฀POINT฀OF฀THE฀NEXT฀TOOTH฀WITH฀THE฀OTHER฀LEG�v฀5NDERSTANDING฀THAT฀
FRICTION฀WAS฀NOT฀A฀RESULT฀OF฀VELOCITY�฀BUT฀RATHER฀OF฀CONTACT฀POINTS�฀CREATED฀THE฀POSSIBILITY฀
OF฀ITS฀MORE฀EFlCIENT฀REDUCTION�฀3IMILARLY฀THE฀ACTION฀OF฀THE฀BOBBINS฀AS฀THEY฀SPUN฀THE฀
LINEN฀WAS฀APPROACHED฀MECHANICALLY�฀BY฀A฀WAY฀OF฀THINKING฀SCIENTIlCALLY฀INFORMED�฀hTHE฀
RELATIVE฀LENGTH฀�฀DIAMETER฀OF฀A฀BOBBIN฀MUST฀BE฀SO฀PROPORTIONED฀THAT฀IT฀WILL฀ALWAYS฀BE฀THE฀
SAME฀WEIGHT฀IN฀PROPORTION฀TO฀THE฀LEVER฀AT฀WHICH฀THE฀THREAD฀IS฀ACTING�v฀)N฀ADDITION�฀

)N฀THE฀lRST฀CASE฀THE฀YARN฀BETWEEN฀THE฀mYER฀LEG฀�฀THE฀BOBBIN฀WOULD฀HAVE฀TO฀BEAR฀A฀
STRESS฀� ฀TIMES฀AS฀GREAT฀AS฀AT฀A฀SPEED฀OF฀����฀REVS฀�฀THE฀SPINDLE฀WOULD฀REQUIRE฀� ฀
TIMES฀AS฀MUCH฀POWER฀TO฀GIVE฀IT฀MOTION�฀BECAUSE฀THE฀CENTRAL฀FORCE฀IS฀INCREASED฀AS฀
THE฀SQUARE฀OF฀THE฀VELOCITIES�฀�฀THE฀WEIGHT฀OF฀THE฀BOBBIN฀IS฀INCREASED฀TO฀COUNTERACT฀
THE฀INCREASED฀CENTRAL฀FORCE฀OF฀THE฀THREAD���

)N฀THE฀LATTER฀CASE฀OF฀REDUCING฀THE฀DIAMETER฀OF฀THE฀BOBBIN฀THE฀STRESS฀UPON฀THE฀YARN฀
WOULD฀BE฀THE฀SAME฀AS฀BEFORE฀AT฀A฀VELOCITY฀OF฀����฀REVS�฀"ECAUSE฀THE฀CENTRAL฀FORCE฀
�฀WEIGHT฀OF฀THE฀BOBBIN฀WOULD฀CONTINUE฀THE฀SAME�฀hTHE฀POWER฀REQUIRED฀FOR฀GIVING฀
MOTION฀ TO฀ THE฀SPINDLE฀WOULD฀CONTINUE฀ THE฀SAMEv���฀4HIS฀.EWTONIAN฀DISCUSSION฀OF฀
BOBBINS฀CONTINUED�฀h4HE฀CENTRAL฀FORCE฀BEING฀LIKEWISE฀IN฀PROPORTION฀TO฀THE฀QUANTITY฀
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OF฀MATTER�฀A฀BOBBIN฀OF฀THE฀SIZE฀ABOVE฀DESCRIBED฀WHICH฀WOULD฀NOT฀SPIN฀��฀LEA฀YARN฀AT฀
A฀GREATER฀VELOCITY฀THAN฀����฀REVS�฀7OULD฀SPIN฀��฀LEA฀YARN฀AT฀A฀VELOCITY฀OF฀����฀REVS�฀
A฀MIN�฀)N฀THAT฀CASE฀THE฀��฀LEA฀OUGHT฀TO฀BE฀OF฀EQUAL฀STRENGTH฀WITH฀THE฀��฀LEA�฀OTHERWISE฀
IT฀WOULD฀BREAK฀THE฀OFTENERv���฀

(OW฀ THE฀ TECHNO
SCIENCE฀ WORKED฀ THAT฀ CALLED฀ FOR฀ THIS฀ APPLICATION฀ OF฀ .EWTONIAN฀
MECHANICS฀TO฀BOBBINS฀INCLUDED฀OFTENTIMES฀THE฀PRESENCE฀ON฀THE฀SHOP฀mOOR฀OF฀INVENTORS฀
WITH฀MULTIPLE฀SKILLS�฀)N฀THE฀MANUSCRIPT฀FOLIO฀ABOUT฀h4HEORY฀OF฀7HEELS฀�฀����v฀WHERE฀
THE฀BOBBIN฀IS฀EXPLICATED฀APPEARS฀THE฀INITIALS฀h-฀-v�฀)N฀PRECISELY฀THIS฀PERIOD฀-ARSHALL฀
WAS฀DEPENDENT฀UPON฀THE฀MANY฀INNOVATIONS฀THAT฀HIS฀EMPLOYEE�฀THE฀ENGINEER฀-ICHAEL฀
-URRAY�฀EFFECTED฀IN฀THE฀WEAVING฀OF฀LINEN฀THREAD�฀$ISSATISlED฀WITH฀THE฀MACHINES฀THEN฀
OPERATING฀THROUGHOUT฀THE฀NORTH�฀-ARSHALL฀IN฀HIS฀EXPERIMENT฀BOOK฀DATED฀����฀TELLS฀US฀
THAT฀hWE฀GAVE฀OVER฀SPINNING฀AND฀SET฀-ATT฀-URRAY฀TO฀WORK฀ON฀A฀NEW฀LOOMv���฀&OR฀THE฀
NEXT฀lVE฀YEARS฀THEY฀SOUGHT฀TO฀lND฀MACHINES฀THAT฀WOULD฀SPIN฀THREAD฀AS฀lNE�฀IF฀NOT฀lNER�฀
THAN฀WHAT฀COULD฀BE฀DONE฀BY฀HAND�฀4HEY฀INVESTIGATED฀WORSTED฀AND฀COTTON฀FACTORIES฀TO฀
SEE฀WHAT�฀IF฀ANYTHING�฀COULD฀BE฀BORROWED฀FROM฀THEIR฀TECHNIQUES�฀4HE฀NOTES฀LEFT฀BY฀
-ARSHALL฀CONTAIN฀DISCUSSIONS฀OF฀TOW�฀SLIVERS�฀ROLLERS�฀AND฀CARDING฀MACHINES�฀AND฀AFTER฀
THREE฀YEARS฀OF฀EXPERIMENTS�฀TELL฀OF฀SUCCESS�฀h4HIS฀PLAN฀ANSWERED฀EVERY฀END฀WE฀WISHED�฀
THE฀SLIVERS฀WAS฀LEVEL฀AND฀WITHOUT฀PATCHES�฀THE฀lBERS฀WERE฀TAKEN฀OFF฀STRAIGHT�฀AND฀WE฀
THOUGHT฀IT฀WAS฀CARDED฀AS฀WELL฀AS฀POSSIBLE�v��฀-URRAY฀ALSO฀CLAIMED฀IN฀����฀THAT฀HE฀
HAD฀MADE฀IMPROVEMENTS฀ON฀-ARSHALL�S฀STEAM฀ENGINES฀THAT฀SAVED฀FUEL฀AND฀LESSENED฀
THE฀COST฀OF฀ERECTING฀THE฀ENGINES���฀
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)N฀ COMPARING฀ -ARSHALL�S฀ MANUSCRIPT฀ NOTEBOOK฀ ON฀ "OOTH�S฀ NATURAL฀ PHILOSOPHICAL฀
LECTURES฀AND฀THE฀EXPERIMENT฀BOOK฀WITH฀THE฀INITIALS฀h-฀-v฀NEXT฀TO฀THE฀DISCUSSION฀OF฀
THE฀CENTRAL฀FORCE฀AND฀WEIGHT฀OF฀BOBBINS�฀WE฀BEGIN฀TO฀SEE฀A฀PATTERN�฀%NGINEERS฀LIKE฀
-URRAY฀AND฀ENTREPRENEURS฀LIKE฀-ARSHALL฀SHARED฀A฀VOCABULARY฀THAT฀WAS฀SCIENTIlCALLY฀
INFORMED฀JUST฀AS฀IT฀WAS฀TECHNOLOGICAL�฀4HEORY฀AND฀PRACTICE฀WERE฀INEXTRICABLY฀ENTWINED�฀
THE฀ INITIALS฀ SUGGEST฀ THAT฀ -ICHAEL฀ -URRAY฀ AT฀ THE฀ LEAST฀ UNDERSTOOD�฀ OR฀ AT฀ THE฀ MOST�฀
EXPLAINED฀THIS฀BOBBIN฀PRINCIPLE฀TO฀-ARSHALL�฀!RGUABLY฀-URRAY฀WAS฀TO฀-ARSHALL฀AS฀
7ATT฀WAS฀TO฀"OULTON�฀ENTREPRENEURIAL฀ENGINEER฀TO฀MECHANICALLY฀LITERATE฀ENTREPRENEUR�฀
4HEIRS฀WAS฀A฀SHARED฀VOCABULARY฀AND฀ITS฀DICTIONARY฀WAS฀BOTH฀TECHNICAL฀AND฀SCIENTIlC�฀
AND฀OF฀COURSE฀ECONOMIC�

4HE฀ENGINEER฀ AND฀ENTREPRENEUR฀ SPOKE฀A฀ LANGUAGE฀ THAT฀ COULD฀ LEAD฀ TO฀ ENORMOUS฀
lNANCIAL฀SUCCESS�฀ESPECIALLY�฀AS฀WAS฀THE฀CASE฀WITH฀-ARSHALL฀AND฀-URRAY�฀WHEN฀ONLY฀
ONE฀OF฀THEM�฀NAMELY฀-ARSHALL�฀CONTROLLED฀THE฀CAPITAL฀AND฀THE฀PROlT�฀9ET฀IN฀TECHNICAL฀
MATTERS฀ THEIRS฀WAS฀A฀PARTNERSHIP฀WITH฀-URRAY฀APPARENTLY฀MORE฀ THE฀ ENGINEER฀ THAN฀
ENTREPENEUR�฀BUT฀ALSO฀HIGHLY฀LITERATE�฀&OR฀EXAMPLE�฀FRICTION฀HELD฀ONE฀KEY฀TO฀ECONOMIC฀
SUCCESS�฀AND฀WHEN฀NOT฀WORRYING฀ABOUT฀CARDING฀AND฀BOBBINS�฀THE฀FRICTION฀OF฀WHEELS฀
ALSO฀OCCUPIED฀THE฀ATTENTION฀OF฀THE฀lRM�฀4HEY฀WANTED฀TO฀lND฀THE฀BEST฀DEPTH฀OF฀THE฀TEETH฀
THAT฀WOULD฀IMPACT฀THE฀WHEEL฀WITH฀LEAST฀FRICTION฀AND฀YET฀BE฀DEEP฀AND฀THICK฀ENOUGH฀
TO฀OFFER฀DURABILITY�฀4HE฀APPROACH฀WAS฀BOTH฀EXPERIMENTAL฀AND฀GEOMETRICAL���฀3CIENCE฀
TAUGHT฀THEM฀TO฀GENERALIZE�฀TO฀SEE฀THE฀INTERCONNECTEDNESS฀OF฀CENTRIFUGAL฀FORCES฀AT฀WORK฀
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ON฀THE฀TIDES฀AND฀ON฀BOBBINS�฀4HE฀ABILITY฀TO฀CONCEPTUALIZE฀FORCE�฀VELOCITY฀AND฀WEIGHT฀
WAS฀COMBINED฀WITH฀PAINSTAKING฀ADJUSTMENTS฀AND฀INNOVATIONS�฀WITH฀TRIALS฀AND฀ERRORS฀
MADE฀ON฀SHOP฀mOOR฀EQUIPMENT�฀4HE฀IDEAS฀WERE฀NO฀GOOD฀WITHOUT฀AN฀UNRELENTING฀SEARCH฀
TO฀DEVELOP฀NEW�฀OR฀IMPROVE฀EXISTING�฀EQUIPMENT�฀

)N฀THE฀EXPERIMENT฀BOOKS฀ON฀DYEING฀AND฀BLEACHING�฀THE฀SAME�฀INTERACTIVE฀PATTERN฀
BETWEEN฀THE฀SCIENCE฀AND฀TECHNOLOGY฀OF฀THE฀DAY฀HOLDS�฀#ONSISTENTLY฀REFERENCE฀IS฀MADE฀
TO฀ THE฀ LATEST฀ EXPERIMENTAL฀ WORK�฀ -ARSHALL฀ TOOK฀ NOTES฀ OUT฀ OF฀ BOOKS฀ BY฀ ,AVOISIER�฀
"ERTHOLLET�฀ #HAPTAL�฀ AND฀!INSWORTH�฀ AMONG฀ OTHERS�฀ )N฀ PASSING฀ -ARSHALL฀ APPLIED฀
ATOMIC฀THEORY�฀NOTING฀THAT�฀WHEN฀OXYGENATED�฀MURIATRIC฀ACID฀hHAS฀SPENT฀ITS฀POWER�฀IT฀
IS฀COMMON฀MURIATRIC฀ACID�฀THE฀COLORING฀PARTICLES฀HAVING฀TAKEN฀AWAY฀ITS฀OXYGENv���฀
-ARSHALL�S฀ NOTES฀ ON฀ THE฀ %NCYCLOPÏDIE฀ MÏTHODIQUE฀ SUGGEST฀ THAT฀ HE฀ READ฀ &RENCH฀
CHEMISTRY฀WITHOUT฀THE฀AID฀OF฀A฀TRANSLATOR฀AND฀THAT฀HE฀KNEW฀THE฀LATEST฀WORKS฀NEARLY฀
AS฀ SOON฀ AS฀ THEY฀ APPEARED�฀!ND฀ ALWAYS฀ A฀ STEADY฀ STREAM฀ OF฀ CHEMICAL฀ EXPERIMENTS฀
WERE฀DILIGENTLY฀ RECORDED���฀4HERE฀WAS฀NO฀CONTRADICTION฀ IN฀ THE฀MINDS฀OF฀-ARSHALL฀
AND฀-URRAY฀ABOUT฀HOW฀EXPERIMENTAL฀CHEMISTRY฀COULD฀INFORM฀INDUSTRIAL฀PRACTICE�฀)T฀
MADE฀PERFECTLY฀GOOD฀SENSE฀FOR฀-ARSHALL฀TO฀READ฀AMONG฀THE฀CUTTING฀EDGE฀CHEMISTS�฀
OR฀TO฀ADAPT฀THE฀BOILER฀OF฀HIS฀STEAM฀ENGINE฀TO฀STEAM฀CLOTH฀THAT฀HE฀WAS฀ATTEMPTING฀TO฀
DYE���฀)T฀IS฀WE฀WHO฀HAVE฀IMPOSED฀CONTRADICTIONS�฀TINKERERS฀V�฀REAL฀SCIENTISTS�฀TRIAL฀AND฀
ERROR฀V�฀SERIOUS฀EXPERIMENTATION�฀SCIENCE฀V�฀TECHNOLOGY�฀/R฀WE฀HAVE฀WANTED฀TO฀MERGE฀
THE฀ONE฀INTO฀THE฀OTHER�฀REFUSING฀TO฀SEE฀THE฀VARIETY฀OF฀SKILLS฀AT฀PLAY�฀)N฀THE฀PROCESS฀WE฀
HAVE฀MISSED฀THE฀ACTUAL฀MERGER฀OF฀THE฀LOFTY฀AND฀THE฀MUNDANE�฀THE฀THEORETICAL฀AND฀THE฀
PRACTICAL�฀THAT฀DISTINCTIVELY฀LAY฀AT฀THE฀HEART฀OF฀EARLY฀INDUSTRIAL฀PROCESSES�฀PARTICULARLY฀
THOSE฀INVOLVING฀POWER฀TECHNOLOGY�฀

/NCE฀THE฀ENGINES฀HAD฀BEEN฀INSTALLED฀AND฀THE฀MACHINES฀MADE฀EVER฀MORE฀EFlCIENT�฀
LESS฀RIGOROUS฀MEN฀COULD฀COPY฀AND฀IMPROVE�฀4HE฀NOTES฀TAKEN฀IN฀THE฀EXPERIMENT฀BOOKS฀
OF฀THE฀NEXT฀GENERATION฀OF฀-ARSHALLS฀DISPLAY฀THE฀SAME฀DEDICATION฀TO฀TRIAL฀AND฀ERROR฀BUT฀
NONE฀OF฀THE฀THEORETICAL฀SOPHISTICATION฀SEEN฀IN฀THE฀JOTTINGS฀OF฀-ARSHALL฀WITH฀THEIR฀BOWS฀
TO฀-URRAY�S฀EXPERTISE�฀4HE฀SONS฀NOTED฀HOW฀hROLLING฀WE฀HAVE฀TRIED฀AS฀AN฀EXPERIMENT฀
AND฀FOUND฀ITS฀EFFECT฀VERY฀SIMILAR฀TO฀THAT฀OF฀STAMPING฀���฀THERE฀IS฀MORE฀EXPENSE฀AND฀MORE฀
WASTE฀IN฀FREEING฀THE฀mAX฀FROM฀ITS฀MATTER฀AND฀CAKED฀CHARACTER฀BEFORE฀IT฀CAN฀BE฀HECKLED�฀
)T฀IS฀FAIR฀TO฀PRESUME฀THAT฀IF฀WELL฀MANAGED�฀THERE฀WOULD฀ALSO฀BE฀MORE฀ADVANTAGE฀���฀A฀
THIRD฀METHOD฀MAY฀POSSIBLY฀BE฀FOUND฀IN฀THE฀AGENCY฀OF฀STEAM฀���฀STEAM฀MAY฀CARRY฀AWAY฀
PART฀OF฀THE฀GLUTINOUS฀MATTER฀FROM฀THE฀lBRE���v���฀4HERE฀IS฀NOT฀THE฀SAME฀RECORD฀OF฀RESTLESS฀
EXAMINATION�฀OF฀INTERROGATIONS฀OF฀ENGINEERS฀ABOUT฀WHICH฀ENGINE�฀IF฀ANY�฀WILL฀DO฀THE฀
WORK�฀NOR฀DO฀WE฀lND฀REFERENCES฀TO฀ABSTRACT฀PRINCIPLES�฀4HEY฀WERE฀NO฀LONGER฀NEEDED�฀
THE฀BASICS฀OF฀ THE฀FACTORY฀WERE฀ESTABLISHED฀AND฀NEEDED฀NOW฀TO฀BE฀ IMPROVED฀UPON�฀
0ERHAPS฀FOR฀THE฀SECOND฀GENERATION฀SCIENCE฀HAD฀BECOME฀SO฀NATURALIZED฀IN฀FAMILY฀AND฀
CIVIC฀LIFE฀THAT฀ITS฀PRESENCE฀OF฀THE฀SHOP฀mOOR฀COULD฀BE฀ASSUMED�฀OR฀TALENTED฀EMPLOYEES฀
COULD฀BE฀HIRED฀WHO฀POSSESSED฀THE฀REQUISITE฀EDUCATION฀IN฀IT�฀

4HE฀ESTABLISHMENT฀OF฀A฀COST
EFlCIENT฀FACTORY฀TOOK฀YEARS฀OF฀TRIAL฀AND฀ERROR�฀%ARLY฀
IN฀THE฀����S฀THE฀'OTT฀lRM฀CONSULTED฀WITH฀A฀VARIETY฀OF฀ENGINEERS฀ON฀THE฀BEST฀ENGINE฀
TO฀INSTALL฀IN฀THEIR฀FACTORY���฀!LREADY฀THE฀LEADING฀WOOLLEN฀AND฀WORSTED฀MANUFACTURING฀
lRM�฀IT฀ACCEPTED฀"OULTON฀�฀7ATT�S฀OFFER฀TO฀INSTALL฀A฀REMARKABLE฀��HP฀STEAM฀ENGINE�฀
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3OMEWHERE฀IN฀THIS฀PROCESS฀"ENJAMIN฀'OTT฀ACQUIRED฀ENOUGH฀TECHNICAL฀AND฀MECHANICAL฀
KNOWLEDGE฀THAT�฀AS฀THE฀MOST฀MECHANICALLY฀PROlCIENT฀PARTNER฀IN฀THE฀lRM�฀HE฀BECAME฀
A฀CONSULTANT฀IN฀THE฀REGION฀ON฀ENGINEERING฀PROBLEMS���฀)N฀AN฀EXPERIMENTAL฀NOTEBOOK฀
SIMILAR฀TO฀THOSE฀LEFT฀BEHIND฀BY฀-ARSHALL�฀'OTT฀DETAILED฀HOW฀HIS฀FACTORY฀MANIPULATED฀
STEAM฀ENGINES฀WITH฀VARYING฀AMOUNTS฀OF฀WATER�฀AT฀VARYING฀TEMPERATURES�฀AND฀DISCOV

ERED฀THAT฀hA฀POUND฀OF฀WATER฀ THEREFORE฀IN฀THE฀STATE฀OF฀STEAM฀CONTAINS฀MORE฀CALORIC฀
THAN฀A฀POUND฀OF฀BOILING฀WATER฀IN฀THE฀PROPORTION฀OF฀���฀TO฀����฀1�%�$�v���฀'OTT฀ALSO฀
PIONEERED฀THE฀USE฀OF฀STEAM฀IN฀THE฀PROCESS฀OF฀WOOL฀DYEING���฀!S฀HE฀TOLD฀AN฀INVENTOR฀
OF฀A฀HYDRO
MECHANICAL฀PRESS฀WITH฀WHICH฀'OTT฀WAS฀LESS฀THAN฀PLEASED�฀hWE฀LOOK฀AFTER฀
EVERY฀OPERATION฀OF฀THE฀WORK฀OURSELVES�฀AND฀IF฀WE฀HAD฀EXPERIENCED฀ANY฀ADVANTAGE฀FROM฀
THE฀USE฀OF฀YOUR฀PRESS�฀WE฀SHOULD฀HAVE฀INSISTED฀ON฀THOSE฀MEN฀WORKING฀IT�฀OR฀WE฀SHOULD฀
HAVE฀APPOINTED฀OTHERS฀IN฀THEIR฀PLACES฀WHO฀WOULD฀HAVE฀BEEN฀OBEDIENTv���฀)NDEED฀'OTT฀
BECAME฀AN฀EXPERT฀ON฀A฀HYDRO
MECHANICAL฀PRESS�฀A฀LARGE฀AND฀COMPLEX฀PIECE฀OF฀EQUIP

MENT฀INTRODUCED฀LATE฀IN฀THE฀CENTURY�฀REQUIRING฀AN฀UNDERSTANDING฀OF฀LEVERS�฀WEIGHTS฀AND฀
PULLEYS฀AND฀USED฀TO฀IMPRINT฀PATTERNS฀ON฀TEXTILES���฀(E฀EXPERIMENTED฀TO฀ESTABLISH฀THE฀
RELATIVE฀MERITS฀OF฀PROTOTYPE฀MACHINES฀OFFERED฀BY฀RIVAL฀MANUFACTURERS฀OF฀THE฀DEVICE�฀
AND฀MAY฀HAVE฀CONCLUDED฀THAT฀THE฀DEVICE฀DID฀NOT฀WORK฀AS฀IT฀SHOULD���฀
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4HE฀'OTT฀lRM฀AND฀FAMILY�฀ALONG฀WITH฀THE฀-ARSHALLS�฀ALSO฀BECAME฀LEADERS฀IN฀THE฀CIVIC฀
AND฀INDUSTRIAL฀LIFE฀OF฀,EEDS�฀)NDEED฀'OTT�S฀EXPERTISE฀WAS฀ALSO฀SOUGHT฀OUT฀BY฀IMITATORS฀
AND฀RIVALS฀ALIKE���฀*UST฀LIKE฀THE฀"OULTONS฀AND฀THE฀7ATTS฀OF฀"IRMINGHAM�฀THE฀-�#ONNELS฀
AND฀THE฀+ENNEDYS฀OF฀-ANCHESTER�฀THE฀'OTTS฀AND฀THE฀-ARSHALLS฀ESTABLISHED฀THEMSELVES฀
AS฀LEADERS฀�OR฀PROPRIETARY฀MEMBERS฀AS฀THEY฀WERE฀CALLED	฀OF฀A฀NEW฀0HILOSOPHICAL฀AND฀
,ITERARY฀3OCIETY฀�lRST฀CHAIRED฀BY฀'OTT	�฀4HEY฀AND฀THE฀OTHER฀SEVENTEEN฀PROPRIETORS฀SUB

SCRIBED฀a���฀FOR฀A฀BUILDING฀TO฀HOUSE฀THE฀SOCIETY฀AND฀PUT฀OUT฀a���฀FOR฀SCIENTIlC฀APPARA

TUS���฀)N฀����฀THE฀OPENING฀LECTURE฀VALORIZED฀PUBLIC฀SCIENCE�฀STRIVING฀AND฀THE฀INDUSTRIAL฀
ORDER�฀hTHE฀THIRST฀FOR฀IMPROVEMENT฀GIVES฀AN฀EXALTATION฀OF฀CHARACTER฀���฀PRODUCE;S=฀THE฀
WORKS฀OF฀GENIUS฀AND฀THE฀DISCOVERIES฀OF฀SCIENCE฀���฀SCIENCE�฀NO฀LONGER฀CONlNED฀TO฀THE฀
CLOSETS฀OF฀THE฀LEARNED�฀IS฀APPLIED฀TO฀THE฀COMFORTS฀AND฀AMELIORATION฀OF฀MANKIND�฀)TS฀
INmUENCE฀IS฀STRIKINGLY฀APPARENT฀ALIKE฀IN฀OUR฀HOUSES฀AND฀MANUFACTORIES�v��฀

4HE฀HISTORICAL฀SOURCES�฀ON฀THIS฀OCCASION฀LEFT฀BY฀LINEN฀AND฀WOOLLEN฀MANUFACTURERS฀IN฀
,EEDS�฀PRESENT฀SCIENCE฀AND฀ITS฀METHODS฀AS฀LYING฀AT฀THE฀HEART฀OF฀A฀SET฀OF฀VALUES�฀BELIEFS�฀
AND฀KNOWLEDGE฀SYSTEMS�฀IN฀OTHER฀WORDS�฀OF฀A฀NEW฀CULTURE฀AT฀WORK฀AT฀THE฀HEART฀OF฀EARLY฀
INDUSTRIALIZATION�฀4HE฀ARGUMENT฀ULTIMATELY฀COMES฀DOWN฀TO฀THE฀REALIZATION฀THAT฀SCIEN

TIlC฀ACUMEN฀WAS฀NOT฀JUST฀CULTURAL฀CAPITAL�฀IT฀WAS฀ALSO฀DEPLOYED฀AND฀GIVEN฀INDUSTRIAL฀
APPLICATION�฀)T฀BROUGHT฀POWER฀AS฀WELL฀AS฀PRESTIGE�฀,EADERSHIP฀IN฀THE฀INDUSTRIAL฀CITIES฀
PASSED฀TO฀lRMS฀LIKE฀-ARSHALLS฀AND฀'OTTS฀IN฀PART฀BECAUSE฀THEIR฀KNOWLEDGE฀FACILITATED฀THE฀
INVENTION฀AND฀MANIPULATION฀OF฀MECHANICAL฀CONTRIVANCES฀THAT฀REPLACED฀HUMAN฀LABOUR�฀
3O฀ARMED�฀THEY฀COULD฀COMPETE฀AGGRESSIVELY฀AND฀IMAGINE฀THEMSELVES฀AS฀SUPERIOR฀TO฀
THE฀IDLE฀AND฀LANDED฀OF฀THE฀COUNTRYSIDE฀WHO฀STILL฀ACCESSED฀POLITICAL฀POWER�฀

.ONE฀OF฀ THESE฀MANUFACTURERS฀ SHOULD฀BE฀ IMAGINED฀ AS฀ PROVINCIALS�฀ OR฀ EVER฀ SELF

DESCRIBED฀AS฀SOCIAL฀INFERIORS�฀4HEIR฀SELF
CONlDENCE฀WAS฀FUELLED฀BY฀THEIR฀SUCCESS�฀AND฀
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IN฀THE฀CASE฀OF฀THE฀-ARSHALL฀FAMILY฀SOCIAL฀LIFE฀INCLUDED฀THE฀COMPANY฀OF฀$OROTHY฀AND฀
7ILLIAM฀7ORDSWORTH�฀-RS฀-ARSHALL฀AND฀$OROTHY฀HAD฀A฀FRIENDSHIP฀FROM฀THEIR฀SCHOOL฀
GIRL฀DAYS฀AND฀THE฀TWO฀FAMILIES฀VISITED฀AND฀SHARED฀CONlDENCES฀IN฀THE฀,AKE฀$ISTRICT�฀
.EVER฀DO฀WE฀SENSE฀IN฀THEIR฀CORRESPONDENCE฀ANY฀DEFERENCE฀OR฀AWE฀ON฀THE฀-ARSHALL฀
SIDE�฀4HE฀-ARSHALLS฀KNEW฀THAT฀THEIR฀VALUES฀AND฀LEARNING฀REPRESENTED฀THE฀FUTURE�฀

7HEN฀-ARSHALL฀VENTURED฀FORTH฀INTO฀THE฀COUNTRY฀�฀AND฀HE฀ADORED฀RURAL฀VISTAS฀AND฀
SHIMMERING฀LAKES฀�฀HE฀LAMENTED฀THE฀BACKWARDNESS฀OF฀CLERGY฀AND฀LANDLORDS฀ALIKE�฀)N฀
ONE฀9ORKSHIRE฀DALE฀HE฀SAID฀THAT�฀UNLIKE฀HIS฀OWN฀lRM฀THAT฀OFFERED฀EVENING฀EDUCATION฀
TO฀THE฀CHILDREN฀IT฀EMPLOYED�฀THE฀LOCAL฀CLERGY฀WERE฀hTOO฀IDLE฀TO฀PUT฀IN฀A฀SCHOOL฀WHEN฀
ONE฀IS฀NEEDEDv�฀)N฀3WALEDALE฀HE฀NOTED฀HOW฀THE฀h,ORDS฀OF฀THE฀-ANORv฀HAD฀FAILED฀TO฀
EXPLOIT฀THEIR฀LEAD฀MINES�฀hWHAT฀A฀VAST฀SAVING฀WOULD฀THE฀PRESENT฀STATE฀OF฀KNOWLEDGE฀
IN฀-ECHANICKS฀HAVE฀MADE฀THEM�฀!฀STEAM฀ENGINE฀THAT฀COST฀���฀POUNDS฀WOULD฀HAVE฀
BEEN฀PUT฀UP฀IN฀A฀FEW฀MONTHS����฀)T฀IS฀SURPRISING฀THAT฀STEAM฀ENGINES฀HAVE฀NOT฀YET฀BEEN฀
APPLIED฀TO฀LEAD฀MINESv�฀)N฀7HITEHAVEN฀HE฀COMPLAINED฀HOW฀THE฀GREAT฀PART฀OF฀THE฀TOWN฀
hPAYS฀A฀CHIEF฀RENT฀TO฀,ORD฀,ONSDALE฀�฀HE฀HAS฀SOME฀GOOD฀HOUSES฀HERE฀UNINHABITED฀�฀
GOING฀TO฀RUINv���฀)N฀THE฀WORLD฀THAT฀*OHN฀-ARSHALL฀AND฀"ENJAMIN฀'OTT฀WANTED�฀NOTH

ING฀AND฀NO฀ONE฀WERE฀MEANT฀TO฀BE฀IDLE฀AND฀THAT฀INCLUDED฀THE฀MINDS฀OF฀ENGINEERS฀AND฀
ENTREPRENEURS�฀4OGETHER฀THEY฀AND฀COUNTLESS฀OTHER฀EARLY฀INDUSTRIALISTS฀BROUGHT฀THE฀NEW฀
SCIENCE฀INTO฀PLACES฀NEVER฀IMAGINED฀BY฀ITS฀SEVENTEENTH
CENTURY฀PROGENITORS�฀4HEY฀KNEW฀
THAT฀IN฀COMBINATION฀WITH฀TECHNOLOGY�฀SCIENCE฀COULD฀MAKE฀NEW฀WORLDS�฀/NE฀OF฀THEM฀
lRST฀EMERGED฀ON฀THE฀SHOP฀mOORS฀OF฀THEIR฀,EEDS฀FACTORIES�
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4HIS฀ESSAY฀WAS฀MADE฀POSSIBLE฀BY฀GRANT฀�2:
�����
��฀FROM฀THE฀.%(฀FOR฀COLLABORA

TIVE฀RESEARCH฀ON฀h4HE฀lRST฀GENERATION฀OF฀"RITISH฀INDUSTRIALISTS�฀3CIENTIlC฀CULTURE฀AND฀
CIVIC฀LIFE�฀����n����v�฀)฀WISH฀TO฀THANK฀MY฀RESEARCH฀ASSISTANT�฀.AOMI฀4ABACK�฀WHO฀
WORKED฀WITH฀ME฀IN฀,EEDS�฀AND฀THE฀LIBRARIANS฀IN฀3PECIAL฀#OLLECTIONS฀AT฀4HE฀"ROTHERTON฀
,IBRARY�฀,EEDS฀5NIVERSITY�฀WHOSE฀SPEED฀AND฀EFlCIENCY฀MADE฀THIS฀PROJECT฀SO฀RELATIVELY฀
EFFORTLESS�฀
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��฀ 3EE฀!�฀%฀-USSON฀AND฀%RIC฀2OBINSON�฀3CIENCE฀AND฀TECHNOLOGY฀IN฀THE฀)NDUSTRIAL฀2EVOLUTION฀�-ANCHESTER�฀
����	�฀ )AN฀ )NKSTER฀ COMMENTS�฀ h4HE฀ ASSOCIATIONS฀ OF฀ INTELLECT฀ AND฀ OF฀ TECHNIQUE฀ WERE฀ MORE฀
WIDESPREAD฀IN฀����฀THAN฀OFTEN฀THOUGHT�฀AND฀ACTED฀AS฀A฀SOLID฀BASE฀TO฀THE฀'REAT฀%XHIBITION฀OF฀THAT฀
YEAR฀AND฀TO฀THE฀SUBSEQUENT฀TWENTY฀YEARS฀OF฀'OLDEN฀!GE฀MACHINOFACTUREv�฀IN฀THE฀VOLUME฀EDITED฀WITH฀
#OLIN฀'RIFlN฀ET฀AL��฀4HE฀'OLDEN฀!GE�฀%SSAYS฀IN฀"RITISH฀SOCIAL฀AND฀ECONOMIC฀HISTORY�฀����n����฀
�!LDERSHOT�฀����	�฀����฀3EE฀ALSO฀-ARGARET฀*ACOB฀AND฀,ARRY฀3TEWART�฀0RACTICAL฀MATTER�฀.EWTON�S฀
SCIENCE฀IN฀THE฀SERVICE฀OF฀INDUSTRY฀AND฀EMPIRE฀����n����฀�#AMBRIDGE�฀-!�฀����	�฀,�฀3TEWART�฀h!฀
MEANING฀FOR฀MACHINES�฀-ODERNITY�฀UTILITY�฀AND฀THE฀EIGHTEENTH
CENTURY฀"RITISH฀PUBLICv�฀*OURNAL฀OF฀
MODERN฀HISTORY�฀LXX฀�����	�฀���n���฀IDEM�฀h4HE฀BOAST฀OF฀-ATTHEW฀"OULTON�฀)NVENTION�฀INNOVATION฀
AND฀PROJECTORS฀IN฀THE฀)NDUSTRIAL฀2EVOLUTIONv�฀%CONOMIA฀E฀ENERGIA฀SECC�฀8)))n86)))฀�0RATO�฀����	�฀
���n�����฀AND฀-ARGARET฀*ACOB฀AND฀$AVID฀2EID�฀h4ECHNICAL฀KNOWLEDGE฀AND฀THE฀MENTAL฀UNIVERSE฀OF฀
EARLY฀COTTON฀MANUFACTURERS�฀����n����v�฀#ANADIAN฀JOURNAL฀OF฀HISTORY�฀XXXVII฀�����	�฀���n����฀
TRANSLATED฀AS฀h#ULTURE฀ET฀CULTURE฀TECHNIQUE฀DES฀PREMIERS฀FABRICANTS฀DE฀COTON฀DE฀-ANCHESTERv�฀
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2EVUE฀D�HISTOIRE฀MODERNE฀ET฀CONTEMPORAINE�฀ L฀ �����	�฀���n���฀4HE฀ARGUMENT฀PRESENTED฀HERE฀
BUILDS฀UPON฀-ARGARET฀#�฀*ACOB�฀4HE฀CULTURAL฀MEANING฀OF฀THE฀3CIENTIlC฀2EVOLUTION฀�.EW฀9ORK�฀
����	฀AND฀3CIENTIlC฀CULTURE฀AND฀THE฀MAKING฀OF฀THE฀)NDUSTRIAL฀7EST฀�.EW฀9ORK�฀����	�฀%NDORSING฀
AND฀EXPANDING฀ON฀THESE฀ARGUMENTS฀IS฀*OEL฀-OKYR�฀4HE฀GIFTS฀OF฀!THENA�฀(ISTORICAL฀ORIGINS฀OF฀THE฀
KNOWLEDGE฀ECONOMY฀�0RINCETON�฀����	�฀���฀)N฀A฀FORTHCOMING฀BOOK�฀!฀PECULIAR฀PATH�฀4HE฀RISE฀OF฀
THE฀7EST฀IN฀GLOBAL฀CONTEXT�฀����n����฀�#AMBRIDGE�฀-!�฀TO฀APPEAR	�฀*ACK฀'OLDSTONE฀WILL฀MAKE฀
A฀SIMILAR฀ARGUMENT�฀!ND฀SEE฀*EFF฀(ORN�฀h-ACHINE
BREAKING฀IN฀%NGLAND฀AND฀&RANCE฀DURING฀THE฀
!GE฀OF฀2EVOLUTIONv�฀,ABOUR฀�฀,E฀TRAVAIL�฀LV฀�����	�฀���n���฀AND฀4HE฀PATH฀NOT฀TAKEN�฀&RENCH฀
INDUSTRIALIZATION฀IN฀THE฀!GE฀OF฀2EVOLUTION�฀����n����฀�#AMBRIDGE�฀-!�฀����	�

��฀ 2ACHEL฀,AUDAN�฀h.ATURAL฀ALLIANCE฀OR฀FORCED฀MARRIAGE�฀#HANGING฀RELATIONS฀BETWEEN฀THE฀HISTORIES฀OF฀
SCIENCE฀AND฀TECHNOLOGYv�฀4ECHNOLOGY฀AND฀CULTURE�฀XXXVI��฀�3UPPLEMENT�฀����	�฀3��n���฀AND฀)฀
WOULD฀ENDORSE฀HER฀CONCLUSION฀THAT฀hIT฀IS฀NOW฀GENERALLY฀ACCEPTED฀THAT฀THERE฀IS฀SOMETHING฀DISTINCTIVE฀
ABOUT฀TECHNOLOGICAL฀KNOWLEDGE฀AND฀THAT฀IT฀IS฀NEITHER฀���฀TACIT฀NOR฀SIMPLY฀APPLIED฀SCIENCEv�

��฀ &OUND฀ IN฀ 5RSULA฀ +LEIN�฀ h4ECHNOSCIENCE฀ AVANT฀ LA฀ LETTREv�฀ 0ERSPECTIVES฀ ON฀ SCIENCE�฀ XIII฀ �����	�฀
���n���฀P�฀����฀&OR฀.EWTONIAN฀SCIENCE฀AND฀BALLISTICS�฀SEE฀"RETT฀$�฀3TEELE�฀h-ILITARY฀@PROGRESS�฀
AND฀.EWTONIAN฀SCIENCE฀IN฀THE฀!GE฀OF฀%NLIGHTENMENTv�฀IN฀"RETT฀$�฀3TEELE฀AND฀4AMARA฀$ORLAND฀
�EDS	�฀4HE฀HEIRS฀OF฀!RCHIMEDES�฀3CIENCE฀AND฀THE฀ART฀OF฀WAR฀THROUGH฀THE฀AGE฀OF฀%NLIGHTENMENT฀
�#AMBRIDGE�฀-!�฀����	�฀���n���

��฀ )N฀THE฀PERIOD฀FROM฀����฀TO฀����฀NEW฀PROFESSIONS฀APPEARED฀FOR฀THE฀lRST฀TIME฀IN฀THE฀TOWN�฀COTTON฀AND฀
FUSTIAN฀MANUFACTURERS�฀mAX฀AND฀WORSTED฀SPINNERS�฀PRINTERS฀ON฀CLOTH�฀MACHINE฀MAKERS�฀PATTERN฀
MAKERS฀AND฀POTTERS�฀SEE฀7�฀'�฀2IMMER�฀h4HE฀INDUSTRIAL฀PROlLE฀OF฀,EEDS�฀����n����v�฀0UBLICATIONS฀
OF฀ THE฀4HORESBY฀ 3OCIETY�฀ -ISCELLANY�฀ XIV��฀ �����	�฀ ���n���฀ P�฀ ����฀ /N฀ THE฀ PHENOMENON฀ OF฀
INNOVATION฀SEEN฀MORE฀BROADLY฀SEE฀(ELGA฀.OWOTNY฀�ED�	�฀#ULTURES฀OF฀TECHNOLOGY฀AND฀THE฀QUEST฀
FOR฀INNOVATION฀�.EW฀9ORK�฀����	�

��฀ 7OLFGANG฀ ,EFÒVRE�฀ h3CIENCE฀ AS฀ LABORv�฀0ERSPECTIVES฀ ON฀ SCIENCE�฀ XIII฀ �����	�฀ ���n����฀ HAS฀ SOME฀
USEFUL฀ THINGS฀ TO฀SAY฀ABOUT฀ THE฀ RELATIONSHIP฀BUT฀HIS฀VISION฀GENERALLY฀CONCERNS฀NINETEENTH
฀AND฀
TWENTIETH
CENTURY฀FORMS฀OF฀TECHNO
SCIENCE�฀7RITING฀IN฀THE฀SAME฀ISSUE�฀PP�฀���n��฀"ARRY฀"ARNES฀
OFFERS฀A฀USEFUL฀DISCUSSION฀OF฀THE฀VARIOUS฀MEANINGS฀GIVEN฀TO฀THE฀TERM�฀IN฀h%LUSIVE฀MEMORIES฀OF฀
TECHNOSCIENCEv�฀

��฀ (ERE฀)฀HAVE฀BEEN฀INFORMED฀BY฀THE฀ARGUMENTS฀FOUND฀IN฀$AVIS฀"AIRD�฀4HING฀KNOWLEDGE�฀!฀PHILOSOPHY฀
OF฀SCIENTIlC฀INSTRUMENTS฀�,OS฀!NGELES�฀����	�

��฀ 4HE฀ "ROTHERTON฀ ,IBRARY�฀ 5NIVERSITY฀ OF฀ ,EEDS�฀ 3PECIAL฀ #OLLECTIONS�฀ -ARSHALL฀ -33�฀ -3�������฀
UNFOLIATED�฀ONE฀PAGE฀CONTAINS฀THIS฀NOTE�฀MADE฀IT฀WOULD฀SEEM฀AS฀THE฀RESULT฀OF฀READING�฀h,ESLIE฀
ON฀(EAT฀�VO�฀����฀COMMUNICATE฀ TO฀AIR฀�����฀PART฀OF฀ THE฀WHOLE฀HEAT฀WHICH฀ IT฀CONTAINS�฀�฀ IT฀
WILL฀EXPAND฀�����฀PART฀OF฀ITS฀BULKv�฀SEE฀ALSO฀-3�������฀.OTEBOOK฀C�฀�����฀F�฀��฀3TEAM฀%NGINE�฀
GIVES฀A฀LIST฀OF฀ENGINES฀AT฀WORK฀IN฀THE฀REGION฀WITH฀ALL฀OF฀THEIR฀SPECIlCS฀AND฀CONTINUES฀ON฀F�฀��฀
���฀UNDATED�฀INCLUDING฀SOME฀ENGINES฀IN฀-ANCHESTER�฀F�฀��฀h7RIGLEY฀SAYS฀THERE฀IS฀NOTHING฀GAINED฀
BY฀A฀CRANK฀INSTEAD฀OF฀A฀WATER฀WHEEL฀BECAUSE฀OF฀THE฀GREAT฀WEIGHT฀THEY฀ARE฀OBLIGED฀TO฀USE฀AT฀THE฀
BEAM฀ENDv฀�THIS฀NOTE฀UNDATED�฀BUT฀THE฀ONE฀BELOW฀IT฀USING฀A฀DIFFERENT฀PEN฀IS฀����	�฀F�฀��฀LABELLED฀
3PEED�฀hTHE฀GREATEST฀SPEED฀AT฀WHICH฀THEY฀CAN฀SPIN฀COTTON฀IS฀��FT฀A฀MIN�฀OR฀��฀FEET฀A฀MIN฀THE฀DAY฀
THROUGH฀INCLUDING฀STOPPAGESv�฀F�฀��฀ENTITLED฀"OILER�฀h7RIGLEY฀SAYS฀IT฀SHOULD฀BE฀�฀TIMES฀DIAMETER฀
OF฀CYLINDERv�฀DATED฀�����฀FF�฀��n��฀DATED฀����฀WITH฀THESE฀INITIALS฀GIVEN฀h-�-�v�฀h4HE฀TEETH฀OF฀
TWO฀WHEELS฀WORKING฀TOGETHER���v�฀FF�฀��n���฀"OBBIN�฀hTHE฀RELATIVE฀LENGTH฀�฀DIAMETER฀OF฀A฀BOBBIN฀
MUST฀BE฀SO฀PROPORTIONED���v�฀F�฀���฀7HEELS฀CONTINUED฀FROM฀F�฀���฀h0ERHAPS฀THE฀BEST฀GENERAL฀RULE฀
FOR฀THE฀DEPTH฀OF฀TEETH฀IS฀TO฀MAKE฀THE฀DEPTH฀OF฀THE฀ACTING฀PART฀���฀OF฀THE฀PITCHv�฀F�฀��฀ON฀STRENGTH฀
OF฀WHEELS�฀h2ULE฀4HE฀SQUARE฀OF฀THE฀THICKNESS฀OF฀THE฀TOOTH฀MULTIPLIED฀BY฀ITS฀BREADTH฀WILL฀GIVE฀THE฀
NUMBER฀OF฀HORSE฀POWER฀THAT฀THE฀WHEEL฀IS฀ADEQUATE฀TO฀WORK�฀IF฀IT฀MOVE฀AT฀A฀VELOCITY฀OF฀ITS฀SURFACE฀
OF฀� ฀;�=฀FEET฀P�฀SECOND฀OF฀TIME�฀)F฀THE฀VELOCITY฀IS฀GREATER฀OR฀LESS�฀THE฀POWER฀IS฀PROPORTIONATE฀�฀4HE฀
BEST฀BREADTH฀OF฀A฀TOOTH฀IS฀SIX฀TIMES฀ITS฀THICKNESSv�฀3EE฀-ARSHALL฀-3฀�������฀FF�฀��n���฀h4HEORY฀
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OF฀7HEELSv�฀(EREAFTER฀THE฀-ARSHALL฀COLLECTION฀AT฀4HE฀"ROTHERTON฀,IBRARY฀IS฀REFERENCED฀SIMPLY฀AS฀
-ARSHALL฀-3฀WITH฀THE฀APPROPRIATE฀NUMBER�฀3EE฀THE฀FOLLOWING฀SITE฀FOR฀THE฀HANDLIST฀OF฀THE฀COLLECTION�฀
HTTP���WWW�LEEDS�AC�UK�LIBRARY�SPCOLL�HANDLISTS����-3���?MARSHALLS�PDF�

��฀ (ANNAH฀"ARKER�฀h@3MOKE฀CITIES��฀.ORTHERN฀INDUSTRIAL฀TOWNS฀IN฀LATE฀'EORGIAN฀%NGLANDv�฀5RBAN฀HISTORY�฀
XXXI฀�����	�฀���n����฀AND฀FOR฀THE฀POLITICAL฀SPOKESMAN฀FOR฀THIS฀RISING฀INDUSTRIAL฀CLASS฀IN฀,EEDS฀SEE฀
$AVID฀4HORNTON�฀h%DWARD฀"AINES�฀SR฀�����n����	�฀PROVINCIAL฀JOURNALISM฀AND฀POLITICAL฀PHILOSOPHY฀
IN฀EARLY฀NINETEENTH
CENTURY฀%NGLANDv�฀.ORTHERN฀HISTORY�฀XL฀�����	�฀���n���

��฀ "OULTON฀AND฀7ATT฀-33�฀"IRMINGHAM฀#ITY฀,IBRARY�฀3ERIES฀)�฀0ART฀�฀FOR฀EXTENSIVE฀LISTS฀OF฀STEAM฀ENGINES฀
BEING฀INSTALLED฀IN฀THE฀COUNTY฀OF฀9ORK฀FROM฀THE฀����S฀ONWARD�฀0��฀CF�฀3ERIES฀)�฀0ART฀��฀"OX฀����฀
2EEL฀���฀����฀"OULTON฀IN฀,EEDS฀WRITING฀TO฀7ATT฀IN฀"IRMINGHAM�฀��฀!PRIL฀�����฀h!T฀-ANCHESTER฀THE฀
INCREASE฀OF฀-ILLS฀AND฀$WELLING฀(OUSES฀IS฀BEYOND฀ALL฀FORMER฀TIMES�฀NOT฀LESS฀THAN฀�฀TO฀��฀THOUSAND฀
IN฀THE฀LAST฀TWO฀YEARS�฀%VERYWHERE฀FULL฀EMPLOYMENT฀AND฀GREAT฀PLENTY�฀(ULL฀IS฀INCREASING฀RAPIDLY�฀
WHERE฀THEY฀ARE฀BEGINNING฀A฀NEW฀$OCK�฀!T฀9ORK฀)฀DO฀NOT฀OBSERVE฀THE฀SMALLEST฀CHANGE�v

���฀ &OR฀A฀GOOD฀OVERVIEW฀OF฀THE฀PERIOD฀SEE฀%�฀*�฀#ONNELL฀AND฀-�฀7ARD�฀h)NDUSTRIAL฀DEVELOPMENT�฀����n����v�฀
IN฀$EREK฀&RASER฀�ED�	�฀!฀HISTORY฀OF฀MODERN฀,EEDS฀�-ANCHESTER�฀����	�฀���n���

���฀ 3EE฀*ACOB฀AND฀2EID�฀OP�฀CIT�฀�REF�฀�	�฀ON฀-ANCHESTER�฀3EE฀ALSO฀"ENJAMIN฀3ILLIMAN�฀*OURNAL฀OF฀TRAVELS฀
IN฀%NGLAND�฀(OLLAND฀AND฀3COTLAND�฀�RD฀EDN฀�.EW฀(AVEN�฀����฀;ORIG�฀PUB�฀����=	�฀���฀PRAISING฀
-ANCHESTER�S฀PATRONAGE฀OF฀SCIENCE�฀h)T฀IS฀NO฀SMALL฀GRATIlCATION฀TO฀lND฀A฀TASTE฀FOR฀SCIENCE฀IN฀A฀
GREAT฀MANUFACTURING฀TOWN�฀WHERE฀THE฀ACQUISITION฀OF฀PROPERTY฀IS฀THE฀VERY฀BUSINESS฀OF฀LIFE�v฀

���฀ 7E฀NOW฀KNOW฀THAT฀THE฀TOWN฀POSSESSED฀BOARDING฀SCHOOLS฀FOR฀BOYS฀�฀AS฀EARLY฀AS฀����฀�฀THAT฀OFFERED฀
ACCOUNTING�฀ARITHMETIC�฀GEOMETRY�฀TRIGONOMETRY฀AND฀hTHE฀DOCTRINE฀ON฀MECHANICS฀WITH฀THE฀THEORY฀
AND฀APPLICATION฀OF฀THE฀MECHANIC฀POWERSv�฀3EE฀ADVERTISEMENTS฀IN฀THE฀,EEDS฀-ERCURY�฀�฀*ANUARY฀
�����฀��฀*ANUARY฀�����฀4HERE฀WAS฀A฀#OMMERCIAL฀AND฀-ATHEMATICAL฀3CHOOL฀ON฀"OAR฀,ANE฀THAT฀
TAUGHT฀NATURAL฀PHILOSOPHY฀IN฀THE฀LATE฀����S�฀)N฀����฀A฀-R฀"URTON฀GAVE฀A฀COURSE฀FOR฀MEN฀AND฀
WOMEN฀IN฀NATURAL฀AND฀EXPERIMENTAL฀PHILOSOPHY฀ENDORSED฀BY฀*OSEPH฀0RIESTLEY�฀4HERE฀IS฀A฀mYER฀FOR฀
THE฀COURSE฀HOUSED฀AT฀THE฀%DUCATION฀,IBRARY�฀(ILLARY฀0LACE�฀,EEDS�฀AND฀)฀WISH฀TO฀THANK฀ITS฀LIBRARIAN฀
,IZ฀,ISTER฀FOR฀THIS฀INFORMATION�

���฀ "OUTON฀AND฀7ATT฀0APERS�฀3ERIES฀��฀0ART฀��฀"OX฀����฀2EEL฀���฀"OULTON฀TO฀7ATT�฀,EEDS�฀��฀*ANUARY฀
�����฀h&ROM฀THE฀GENERAL฀SUCCESS฀OF฀-ESS�฀7ORMALD฀�฀#O�S฀GREAT฀%NGINE฀�฀)฀HAVE฀NO฀DOUBT฀OF฀
SEVERAL฀OTHERS฀BEING฀WANTED฀HERE฀IF฀BUSINESS฀MENDS฀ON฀A฀SIMILAR฀PLAN฀AS฀THEY฀ARE฀ENDEAVOURING฀
TO฀MANUFACTURE฀FROM฀THE฀WOOL฀TO฀lNISHED฀CLOTH฀IN฀THE฀ONE฀BUILDING฀�฀WHICH฀HAS฀NOT฀YET฀BEEN฀
DONE฀TO฀ANY฀GREAT฀EXTENT�฀)T฀CAUSED฀A฀GREAT฀BUSTLE฀AMONG฀THE฀CLOTH฀MAKERS฀WHO฀WISH฀IF฀POSSIBLE฀TO฀
PREVENT฀IT฀AS฀THEY฀SAY฀MERCHANTS฀IS฀BECOMING฀MANUFACTURERS�฀4HE฀CLOTH฀MAKERS฀ARE฀A฀LARGE฀BODY฀
OF฀MEN฀WHO฀ALL฀BRING฀THEIR฀CLOTH฀TO฀A฀COMMON฀HALL฀FOR฀SALE฀�฀EACH฀CLOTH฀MAKER฀HAS฀WORKMEN฀OF฀
THEIR฀OWN฀AND฀THEY฀IN฀GENERAL฀HAVE฀THE฀WOOL฀;�=฀�I�E�฀CARDED	฀AT฀ONE฀PLACE�฀SPUN฀AT฀THE฀OTHER฀���฀IT฀
IS฀NOT฀THE฀WORKING฀MEN฀WHO฀ARE฀SO฀MUCH฀SETT฀AGAINST฀IT฀AS฀THEIR฀MASTERS����v

���฀ h4HOUGHTS฀ON฀THE฀)NDUSTRIAL฀2EVOLUTIONv�฀*ACK฀'OLDSTONE�฀'EORGE฀-ASON฀5NIVERSITY�฀#ENTER฀FOR฀'LOBAL฀
0OLICY฀7ORKING฀0APER฀���฀�����฀P�฀��฀(ERE฀HE฀IS฀TAKING฀ISSUE฀WITH฀THE฀WORK฀OF฀.ICHOLAS฀#RAFTS฀
AND฀#�฀+NICK฀(ARLEY฀IN฀PARTICULAR�

���฀ -OKYR�฀4HE฀GIFTS฀OF฀!THENA฀�REF�฀�	�

���฀ 'OLDSTONE�฀OP�฀CIT�฀�REF�฀��	�฀��

���฀ *ACK฀!�฀'OLDSTONE�฀h%FmORESCENCES฀AND฀ECONOMIC฀GROWTH฀IN฀WORLD฀HISTORY�฀2ETHINKING฀THE฀@RISE฀OF฀THE฀
7EST�฀AND฀THE฀)NDUSTRIAL฀2EVOLUTIONv�฀*OURNAL฀OF฀WORLD฀HISTORY�฀XIII฀�����	�฀���n���฀P�฀����฀

���฀ 3EE฀NOTE฀THREE฀AND฀OTHER฀ESSAYS฀IN฀THE฀ENTIRE฀ISSUE฀OF฀0ERSPECTIVES฀ON฀SCIENCE�฀XIII��฀�����	�฀)฀HAVE฀
HYPHENATED฀@TECHNO
SCIENCE�฀PRECISELY฀TO฀DISTINGUISH฀IT฀FROM฀ANY฀EFFORT฀TO฀COLLAPSE฀THE฀TECHNOLOGY฀
INTO฀THE฀SCIENCE฀OR฀VICE
VERSA�

���฀ 4HE฀"ROTHERTON฀,IBRARY�฀5NIVERSITY฀OF฀,EEDS�฀3PECIAL฀#OLLECTIONS�฀-3฀���฀NOTES฀MADE฀BY฀7�฀,INDLEY฀
ON฀A฀hNUMBER฀OF฀STEAM฀ENGINES฀ENGAGED฀IN฀THE฀DIFFERENT฀BRANCHES฀OF฀MANUFACTURE฀IN฀,EEDS฀AND฀
ITS฀IMMEDIATE฀VICINITYv�฀-ARCH฀�����฀DESCRIBE฀ENGINES฀IN฀THE฀PRODUCTION฀OF฀WOOL฀CLOTH฀���	�฀mAX฀
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SPINNING฀���	�฀STUFF฀MANUFACTURE฀��	�฀COTTON฀��	�฀DYING฀���	�฀CRUSHING฀SEED฀���	�฀MACHINE฀MAKING฀
���	�฀MANUFACTURING฀TOBACCO�฀PAPER฀MAKING�฀POTTERIES�฀3EE฀ALSO฀0AULINE฀-�฀,ITTON฀�ED�	�฀h4HE฀
JOURNALS฀OF฀3ARAH฀-AYO฀0ARKES�฀����฀AND฀����v�฀0UBLICATIONS฀OF฀THE฀4HORESBY฀3OCIETY�฀�ND฀SER��฀
XIII฀�-ISCELLANY	฀�����	�฀�n���฀P�฀��฀WHERE฀0ARKES฀OBSERVES฀A฀WATER฀WHEEL฀USED฀TO฀MOVE฀A฀HAMMER฀
IN฀3HEFlELD�฀P�฀��฀TO฀DYE฀BLUE฀WOOLLEN฀CLOTH฀AT฀7AKElELD�฀hMOST฀OF฀THE฀MOVEABLE฀APPARATUS฀IS฀
CONDUCTED฀BY฀STEAMv�฀PP�฀�n��฀FOR฀AN฀EXTENSIVE฀DESCRIPTION฀OF฀THE฀7ORMALD฀'OTT฀FACTORY฀WHERE฀
THE฀STEAM฀ENGINE฀hIS฀THE฀GREAT฀MOVING฀POWER฀IN฀THIS฀EXTENSIVE฀FACTORYv฀THAT฀EMPLOYED฀MACHINES฀
TO฀MIX฀THE฀WOOL฀WITH฀OIL�฀TO฀SPIN฀THREAD฀BY฀STEAM฀DRIVEN฀MACHINES฀�SHE฀CLAIMS฀THAT฀ONE฀MAN฀CAN฀
DO฀THE฀WORK฀OF฀��	�฀FULLING฀hIS฀VERY฀SIMPLE�฀THE฀CLOTH฀IS฀MERELY฀PUT฀INTO฀A฀WOODEN฀TROUGH�฀TO฀
WHICH฀TWO฀HEAVY฀WOODEN฀HAMMERS฀ARE฀ATTACHED�฀THAT฀JUST฀lT฀INTO฀IT�฀AND฀EACH฀HAMMER฀WORKS฀
���฀ALL฀THE฀VATS฀FOR฀DYEING฀THE฀CLOTH฀ARE฀BOILED฀BY฀STEAM�฀WHICH฀SAVE฀MUCH฀EXPENCE฀AND฀LABOURv�฀
)N฀,EEDS฀�P�฀��	฀SHE฀SEES฀COAL฀CARRIAGES฀MOVED฀BY฀STEAM�฀P�฀��฀ON฀WOOLLEN฀CLOTH฀DRESSED฀BY฀
MACHINERY฀MOVED฀BY฀STEAM�

���฀ 2OBERT฀"EATSON�฀!N฀ESSAY฀ON฀ THE฀ COMPARATIVE฀ADVANTAGES฀OF฀ VERTICAL฀ AND฀HORIZONTAL฀WIND
MILLS�฀
CONTAINING฀A฀DESCRIPTION฀OF฀AN฀HORIZONTAL฀WIND
MILL฀AND฀WATER
MILL�฀UPON฀A฀NEW฀CONSTRUCTION฀
�,ONDON฀AND฀%DINBURGH�฀����	�฀�n��

���฀ 4HAT฀COULD฀BE฀EXTRAPOLATED฀OUT฀OF฀!RNOLD฀4HACKRAY�฀h.ATURAL฀KNOWLEDGE฀ IN฀CULTURAL฀CONTEXT�฀4HE฀
-ANCHESTER฀MODEv�฀!MERICAN฀HISTORICAL฀REVIEW�฀LXXIV฀�����	�฀���n����

���฀ &OR฀A฀GENERAL฀ACCOUNT฀OF฀THE฀-ECHANICS�฀)NSTITUTES฀IN฀"RITAIN�฀SEE฀)AN฀)NKSTER�฀h4HE฀SOCIAL฀CONTEXT฀OF฀AN฀
EDUCATIONAL฀MOVEMENT�฀!฀REVISIONIST฀APPROACH฀TO฀THE฀%NGLISH฀MECHANICS�฀INSTITUTES�฀����n����v�฀
IN฀HIS฀3CIENTIlC฀CULTURE฀AND฀URBANISATION฀IN฀INDUSTRIALISING฀"RITAIN฀�!SHGATE�฀����	�

���฀ 3EE฀FOR฀EXAMPLE�฀2EV�฀3�฀6INCE�฀!฀PLAN฀OF฀A฀COURSE฀OF฀LECTURES฀ON฀THE฀PRINCIPLES฀OF฀NATURAL฀PHILOSOPHY฀
�#AMBRIDGE�฀����	�฀���฀h4HE฀FRICTION฀OF฀A฀BODY฀DOES฀NOT฀CONTINUE฀THE฀SAME฀WHEN฀IT฀HAS฀DIFFERENT฀
SURFACES฀APPLIED฀ TO฀ THE฀PLANE฀ON฀WHICH฀ IT฀MOVES�฀BUT฀ THE฀SMALLEST฀SURFACE฀WILL฀HAVE฀ THE฀ LEAST฀
FRICTION�v฀4HE฀"RITISH฀,IBRARY฀COPY฀OWNED฀BY฀4HOMAS฀"ARBER฀ IN฀����฀ �����������	฀HAS฀ THE฀
FOLLOWING฀NOTE�฀hSOME฀WRITERS฀HAVE฀ASSERTED฀THAT฀FRICTION฀IS฀ INCREASED฀IN฀THE฀SAME฀BODY฀IF฀ ITS฀
VELOCITY฀BE฀INCREASED�฀BUT฀THIS฀IS฀NOT฀THE฀CASE�฀AS฀APPEARS฀FROM฀-R�฀6INCE�S฀%XPERIMENTS�v฀&OUND฀
IN฀THE฀BLANK฀SHEETS฀AFTER฀P�฀���

���฀ 4HIS฀PHRASE฀APPEARS฀WIDELY฀IN฀THE฀OLDER฀LITERATURE฀BUT฀CAN฀BE฀MOST฀READILY฀ACCESSED฀IN฀0ETER฀-ATHIAS�฀
h7HO฀UNBOUND฀0ROMETHEUS�v�฀IN฀0ETER฀-ATHIAS฀�ED�	�฀3CIENCE฀AND฀SOCIETY฀����n����฀�#AMBRIDGE�฀
����	�

���฀ *OHN฀3MAIL฀�ED�	�฀4HE฀MEMORANDUM฀BOOKS฀OF฀*OHN฀"REARLEY฀�7OODBRIDGE�฀3UFFOLK�฀����	�฀���฀3EE฀
PP�฀��n��฀FOR฀"REARLEY�S฀KNOWLEDGE฀OF฀PULLEYS�฀!RCHIMEDES฀SCREWS�฀ENTRIES฀HERE฀CITED฀RANGE฀
FROM฀����฀TO฀�����

���฀ !฀SUPERB฀EXAMPLE฀OF฀THE฀KIND฀OF฀PERSON฀)฀MEAN฀IS฀FOUND฀IN฀*OHN฀3MAIL�฀h)NNOVATION฀AND฀INVENTION฀IN฀
THE฀9ORKSHIRE฀WOOL฀TEXTILE฀INDUSTRY�฀!฀MILLER�S฀TALEv�฀IN฀,ILIANE฀(ILAIRE
0ÏREZ฀AND฀!NNE
&RANÎOISE฀
'ARÎON฀�EDS	�฀,ES฀CHEMINS฀DE฀ LA฀NOUVEAUTÏ�฀ )NNOVER�฀ INVENTER฀AU฀REGARD฀DE฀ L�HISTOIRE฀ �0ARIS�฀
����	�฀���n���฀#F�฀FOR฀A฀GOOD฀DESCRIPTION฀OF฀THE฀MILLWRIGHT฀OF฀THE฀MID
EIGHTEENTH฀CENTURY฀$�฀4�฀
*ENKINS�฀4HE฀7EST฀2IDING฀WOOL฀TEXTILE฀INDUSTRY฀����n����฀�0ASOLD฀2ESEARCH฀&UND฀,TD฀�5�+�	�฀
����	�฀���n��฀QUOTING฀&AIRBAIRN�

���฀ !N฀ARGUMENT฀DOCUMENTED฀IN฀MY฀3CIENTIlC฀CULTURE฀�REF�฀�	�฀AND฀WITH฀,ARRY฀3TEWART�฀0RACTICAL฀MATTER฀
�REF�฀�	�

���฀ *OHN฀$ESAGULIERS�฀ !฀COURSE฀OF฀ EXPERIMENTAL฀ PHILOSOPHY�฀ �ND฀ EDN�฀ I฀ AND฀ II฀ �,ONDON�฀ ����	�฀ *OHN฀
3MEATON�฀ h!N฀ EXPERIMENTAL฀ EXAMINATION฀ OF฀ THE฀ QUANTITY฀ AND฀ PROPORTION฀ OF฀ MECHANIC฀ POWER฀
NECESSARY฀TO฀BE฀EMPLOYED฀IN฀GIVING฀DIFFERENT฀DEGREES฀OF฀VELOCITY฀TO฀HEAVY฀BODIES฀FROM฀A฀STATE฀OF฀
RESTv�฀0HILOSOPHICAL฀TRANSACTIONS฀OF฀THE฀2OYAL฀3OCIETY�฀XLVI฀�,ONDON�฀����	�฀���n���฀4HE฀*OHN฀
2YLANDS฀,IBRARY�฀$ALTON฀-33�฀NO�฀���฀LECTURE฀NOTES฀DATING฀FROM฀����฀TO฀�����฀

���฀ -ARSHALL฀-33�฀-3฀�������฀DATED฀�����฀ FF�฀��n���฀"OBBIN�฀ hTHE฀ RELATIVE฀ LENGTH฀�฀DIAMETER฀OF฀A฀
BOBBIN฀MUST฀BE฀SO฀PROPORTIONED฀THAT฀IT฀WILL฀ALWAYS฀BE฀THE฀SAME฀WEIGHT฀IN฀PROPORTION฀TO฀THE฀LEVER฀
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AT฀WHICH฀THE฀THREAD฀IS฀ACTING����฀4HE฀CENTRAL฀FORCE฀BEING฀LIKEWISE฀IN฀PROPORTION฀TO฀THE฀QUANTITY฀
OF฀MATTER�฀A฀BOBBIN฀OF฀THE฀SIZE฀ABOVE฀DESCRIBED฀WHICH฀WOULD฀NOT฀SPIN฀��฀LEA฀YARN฀AT฀A฀GREATER฀
VELOCITY฀THAN฀����฀REVS�฀7OULD฀SPIN฀��฀LEA฀YARN฀AT฀A฀VELOCITY฀OF฀����฀REVS�฀!฀MIN�฀)N฀THAT฀CASE฀
THE฀��฀LEA฀OUGHT฀TO฀BE฀OF฀EQUAL฀STRENGTH฀WITH฀THE฀��฀LEA�฀OTHERWISE฀IT฀WOULD฀BREAK฀THE฀OFTENER�v฀
&OLIO฀��฀HAS฀THE฀DATE฀OF฀�����

���฀ !฀SIMILAR฀TRANSITION฀IN฀EDUCATIONAL฀LEVEL฀HAS฀BEEN฀ARGUED฀FOR฀POST
#IVIL฀7AR฀!MERICAN฀TEXTILE฀INDUSTRY�฀
hFOR฀THE฀POSTWAR฀WORLD฀OF฀POWERED฀MANUFACTURE฀���฀SONS฀WOULD฀NEED฀MORE�฀AN฀UNDERSTANDING฀OF฀
MECHANICAL฀PRINCIPLES�฀CAPACITY฀TO฀INNOVATE฀IN฀DESIGN�฀AN฀ABILITY฀TO฀COORDINATE฀PRODUCTION฀ON฀A฀
GRANDER฀SCALEv�฀3EE฀0HILIP฀3CRANTON�฀h,EARNING฀MANUFACTURE�฀%DUCATION฀AND฀SHOP
mOOR฀SCHOOLING฀
IN฀THE฀FAMILY฀lRMv�฀4ECHNOLOGY฀AND฀CULTURE�฀XXVII฀�����	�฀��n���฀P�฀���฀4O฀SEE฀A฀WORKING฀ENGINE฀
RECREATED฀WITH฀ITS฀MOVING฀PARTS�฀HTTP���WWW�SCIENCEMUSEUM�ORG�UK�ON
LINE�ENERGYHALL�THEME?3
EE���THE���ENGINES���AT���WORK�ASP�

���฀ 7ILLIAM฀4URNER�฀!฀GENERAL฀INTRODUCTORY฀DISCOURSE�฀DELIVERED�฀ON฀4UESDAY�฀.OV�฀���฀����฀ON฀THE฀���฀PLAN฀
OF฀THE฀NEW฀INSTITUTION฀FOR฀PUBLIC฀LECTURES฀ON฀.ATURAL฀0HILOSOPHY�฀.EWCASTLE�฀;����=�฀��n���฀WHERE฀
IT฀IS฀ALSO฀STATED฀THAT฀ONE฀COURSE฀WILL฀COMPRISE฀hTHE฀HISTORY฀AND฀EXHIBITION฀OF฀THE฀BEST฀-ACHINES฀
DEPENDENT฀ON฀THESE฀PRINCIPLESv�฀#F�฀*OHN฀"ANKS�฀!฀TREATISE฀ON฀MILLS฀�,ONDON�฀����	฀AND฀HIS฀/N฀
THE฀POWER฀OF฀MACHINES฀�+ENDAL�฀����	�

���฀ (ERE฀IS฀7ATT฀DESCRIBING฀THE฀OPERATION฀OF฀ONE฀OF฀HIS฀ENGINES฀IN฀A฀#ORNISH฀MINE�฀AND฀)฀QUOTE฀FROM฀A฀
PRINTED฀QUARTO฀SHEET�฀LATE฀EIGHTEENTH฀CENTURY�฀ENTITLED฀02/0/3!,3฀TO฀THE฀!DVENTURERS�฀"OULTON฀
AND฀7ATT�฀4HE฀ORIGINAL฀CAN฀BE฀FOUND฀AT฀HTTP���WWW�CORNISH
MINING�ORG�UK�MINTECH�BOULTON?WATT�
VOLUME���HTM�฀CITATION฀NUMBER฀!$�����������฀-ETHOD฀OF฀#ALCULATING฀TABLES฀FOR฀7HEAL฀-AID฀
��฀INCH฀#YLINDER�฀DOUBLE฀�฀FEET฀OR฀��฀FEET฀3TROKE�฀

4HE฀CONSUMPTION฀BY฀CYLINDERS฀OF฀DIFFERENT฀DIAMETERS�฀LOADED฀TO฀THE฀SAME฀NUMBER฀OF฀POUNDS฀
PER฀INCH�฀GOING฀THE฀SAME฀NUMBER฀AND฀LENGTH฀OF฀STROKES฀PER฀MINUTE�฀AND฀CONSTRUCTED฀EQUALLY฀
WELL�฀WILL฀BE฀AS฀THE฀SQUARE฀OF฀THEIR฀DIAMETERS�
฀฀฀฀฀฀6�฀4HE฀TWO฀ENGINES฀AT฀0OLDICE฀CONSUME฀����฀BUSHELS฀IN฀��฀DAYS�฀THE฀SQUARES฀OF฀THEIR฀
DIAMETERS฀���฀AND฀��	฀ARE฀����฀AND฀�����฀THE฀SUM฀OF฀THESE฀SQUARES฀IS฀�����฀4O฀lND฀THE฀CON

SUMPTION฀OF฀A฀��฀INCH฀LOADED฀TO฀THE฀AVERAGE฀OF฀THESE฀TWO�฀SAY�฀AS฀����฀�SUM฀OF฀THE฀SQUARES	฀
IS฀TO฀����฀BUSHELS�฀SO฀IS฀����฀�SQUARE฀��	฀TO฀�����฀THE฀BUSHELS฀WHICH฀WOULD฀BE฀CONSUMED฀
IN฀��฀DAYS฀BY฀A฀��฀INCH฀CYLINDER�฀GOING฀SIX฀STROKES฀PER฀MINUTE฀OF฀lVE฀FEET฀SIX฀INCHES฀LONG฀
EACH�฀AND฀LOADED฀TO฀��฀�
��THS฀POUNDS฀PER฀SQUARE฀INCH�฀

&OR฀7ATT�S฀SCIENTIlC฀AND฀TECHNICAL฀EDUCATION฀SEE฀"IRMINGHAM฀#ITY฀,IBRARY�฀*AMES฀7ATT฀0APERS�฀
"0,�฀-3�����฀LETTERS฀TO฀HIS฀FATHER�฀����n���

���฀ ,EEDS฀5NIVERSITY�฀4HE฀"ROTHERTON฀,IBRARY�฀3PECIAL฀#OLLECTIONS�฀-3฀���฀h.UMBER฀OF฀STEAM฀ENGINES฀
ENGAGED฀IN฀THE฀DIFFERENT฀BRANCHES฀OF฀MANUFACTURE฀IN฀,EEDS฀AND฀ITS฀IMMEDIATE฀VICINITY�฀FROM฀A฀
SURVEY฀OF฀THEM฀MADE฀BY฀7�฀,INDLEY฀IN฀-ARCH฀����v�฀)N฀����฀AT฀THE฀'REAT฀%XHIBITION฀,EEDS฀SENT฀
���฀EXHIBITORS�฀LED฀ONLY฀BY฀-ANCHESTER฀WITH฀����฀WHILE฀"IRMINGHAM฀PUT฀FORWARD฀A฀HUGE฀����฀

���฀ ,ITTON฀�ED�	�฀OP�฀CIT�฀�REF�฀��	�฀���

���฀ 1UOTED฀IN฀2�฀*�฀-ORRIS�฀h4HE฀RISE฀OF฀*AMES฀+ITSON�฀4RADE฀UNION฀AND฀THE฀-ECHANICS฀)NSTITUTION�฀,EEDS�฀
����n����v�฀0UBLICATIONS฀OF฀THE฀4HORESBY฀3OCIETY�฀XV฀�����	�฀���n��฀3EE฀THE฀ORIGINAL฀IN฀&REDERIC฀
(ILL�฀.ATIONAL฀EDUCATION�฀)TS฀PRESENT฀STATE฀AND฀PROSPECTS฀�,ONDON�฀����	�฀II���฀���n��

���฀ 3EE฀4HE฀TENTH฀REPORT฀OF฀THE฀+EIGHLEY฀-ECHANICS�฀)NSTITUTION�฀FOR฀THE฀YEAR฀ENDING฀!PRIL฀�TH�฀����฀WITH฀
A฀LIST฀OF฀THE฀MEMBERS�฀A฀CATALOGUE฀OF฀THE฀BOOKS฀AND฀APPARATUS฀�+EIGHLEY�฀����	�฀THIS฀PRINTED฀
CATALOGUE฀TURNS฀UP฀IN฀4HE฀"ROTHERTON฀,IBRARY�฀,EEDS฀5NIVERSITY�฀3PECIAL฀#OLLECTIONS�฀-ARRINER฀
-3฀�����฀4HE฀INSTITUTE฀WAS฀FOUNDED฀IN฀����฀AND฀AT฀TIMES฀STRUGGLED�

���฀ ;!NON�=�฀/BSERVATIONS฀ON฀WOOLLEN฀MACHINERY฀�,EEDS�฀����	�฀��฀REPRODUCED฀IN฀4HE฀SPREAD฀OF฀MACHINERY�฀
&IVE฀PAMPHLETS฀����n����฀�.EW฀9ORK�฀����	�

���฀ -ARSHALL�S฀RISE฀IS฀ABLY฀CHRONICLED฀IN฀7�฀'�฀2IMMER�฀-ARSHALLS฀OF฀,EEDS�฀mAX
SPINNERS฀����n����฀
�#AMBRIDGE�฀ ����	�฀ AND฀ SEE฀ (�฀ (EATON�฀ h"ENJAMIN฀ 'OTT฀ AND฀ THE฀ )NDUSTRIAL฀ 2EVOLUTION฀ IN฀
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9ORKSHIREv�฀4HE฀ECONOMIC฀HISTORY฀ REVIEW�฀ III฀ �����n��	�฀ ��n���฀PP�฀��n���฀2IMMER฀DID฀NOT฀
EXPLORE฀IN฀ANY฀DETAIL฀THE฀LINKAGE฀BETWEEN฀THE฀NATURAL฀PHILOSOPHICAL฀AND฀CHEMICAL฀WORK฀UNDERTAKEN฀
BY฀-ARSHALL฀AND฀HIS฀INDUSTRIAL฀PRACTICES�฀(E฀DID฀RECOGNIZE฀THAT฀-ARSHALL฀HAD฀A฀SERIOUS฀INTEREST฀IN฀
CHEMISTRY฀�PP�฀��n��	�฀HE฀ALSO฀MISSED฀THE฀IMPORTANT฀����฀NOTEBOOK�฀4HE฀ELECTRONIC฀VERSION฀OF฀
THE฀"RITISH฀ARCHIVAL฀GUIDE฀;!�!=฀SIMPLY฀PICKS฀UP฀THE฀TYPING฀ERROR฀IN฀THE฀ORIGINAL฀AND฀LISTS฀IT฀AS฀
FROM฀�����฀IN฀*ANUARY฀����฀THE฀ENTRY฀FOR฀-3฀������฀CAN฀BE฀FOUND฀UNDER฀h"OOTHv�

���฀ 4HE฀,EEDS฀ )NTELLIGENCER�฀XXXVIII�฀NO�฀����฀ ���฀$ECEMBER฀����	�฀ TELLS฀US฀ THAT฀ h"OOTH�S฀COURSE฀OF฀
LECTURES฀ ON฀ NATURAL฀ AND฀ EXPERIMENTAL฀ PHILOSOPHY�฀ ASTRONOMY�฀ CHEMISTRY฀ ���฀ ILLUSTRATED฀ BY฀ ���฀
APPARATUS�฀WHICH฀HAS฀COST฀UPWARDS฀OF฀FOUR฀THOUSAND฀POUNDS฀���฀WILL฀CONSIST฀OF฀��฀LECTURES฀AT฀THE฀
COST฀OF฀ONE฀GUINEA�฀�฀LECTURES฀A฀WEEK�฀WILL฀BEGIN฀IF฀��฀SUBSCRIBERS฀CAN฀BE฀FOUND฀���฀HIS฀APPARATUS฀
WEIGHS฀UP฀ TO฀�฀ TONS฀ ���฀HE฀CAN฀ONLY฀GIVE฀ONE฀COURSE฀AS฀HE฀HAS฀OBLIGATIONS฀ IN฀"IRMINGHAM฀���฀
SUBSCRIPTIONS฀CAN฀BE฀HAD฀FROM฀HIM฀OR฀AT฀THE฀BOOKSTORE฀OF฀-R฀"INNSv�฀4HERE฀WAS฀A฀*OHN฀"OOTH฀
WHO฀ALSO฀LECTURED฀IN฀9ORKSHIRE฀IN฀THIS฀PERIOD฀BUT฀THERE฀IS฀NO฀EVIDENCE฀THAT฀HE฀WAS฀A฀FOLLOWER฀OF฀
0RIESTLEY฀�฀AS฀WAS฀THIS฀-R฀"OOTH฀�฀NOR฀DID฀HE฀ANNOUNCE฀OR฀ADVERTISE฀ANY฀LECTURES฀AT฀THE฀TIME฀
WHEN฀-ARSHALL฀ATTENDED฀THEM�

���฀ -ARSHALL฀-3฀�������฀h0HILOSOPHICAL฀,ECTURES฀AND฀%XTRACTSv�฀"OOTH�S฀0HILOSOPHICAL฀,ECTURES฀$ECEMBER฀
�����฀,ECTURE฀���฀-ISCELLANY�฀h3OME฀PARTICULARS฀RELATING฀TO฀VARIOUS฀SUBJECTS฀WHICH฀WERE฀BEFORE฀
OMITTED�฀7ATER฀7HEELS฀3TEAM฀%NGINESv�฀

���฀ %RIC฀2OBINSON�฀h!N฀%NGLISH฀*ACOBIN�฀*AMES฀7ATT�฀*UNIOR�฀����n����v�฀#AMBRIDGE฀HISTORICAL฀JOURNAL�฀
XI฀�����	�฀���n���฀PP�฀���n��฀MENTIONS฀THAT฀"ENJAMIN฀"OOTH�฀ITINERANT฀LECTURER�฀WAS฀ALSO฀BROUGHT฀
UP฀ON฀CHARGES฀OF฀SEDITION฀AS฀WAS฀4HOMAS฀7ALKER฀IN฀����n���฀"OOTH฀WAS฀LATER฀RELEASED�฀

���฀ /N฀THE฀FAMILY�S฀ASSOCIATION฀WITH฀-ILL฀(ILL฀SEE฀2IMMER�฀-ARSHALLS฀OF฀,EEDS฀�REF�฀��	�฀���฀&OR฀BACKGROUND฀
ON฀THIS฀5NITARIAN฀LINK฀TO฀SCIENCE฀SEE฀*EAN฀2AYMOND฀AND฀*OHN฀6�฀0ICKSTONE�฀h4HE฀NATURAL฀SCIENCES฀
AND฀THE฀LEARNING฀OF฀THE฀%NGLISH฀5NITARIANSv�฀IN฀"ARBARA฀3MITH฀�ED�	�฀4RUTH�฀LIBERTY�฀RELIGION�฀%SSAYS฀
CELEBRATING฀TWO฀HUNDRED฀YEARS฀OF฀-ANCHESTER฀#OLLEGE฀�/XFORD�฀����	�฀���n���฀PP�฀���n��฀/N฀
0RIESTLEY฀IN฀,EEDS฀SEE฀2OBERT฀%�฀3CHOlELD�฀4HE฀%NLIGHTENMENT฀OF฀*OSEPH฀0RIESTLEY�฀!฀STUDY฀OF฀
HIS฀LIFE฀AND฀WORK฀FROM฀����฀TO฀����฀�5NIVERSITY฀0ARK�฀0!�฀����	�฀CHAPS�฀�n���

���฀ 4HE฀)NSTITUTION฀OF฀#IVIL฀%NGINEERS�฀,ONDON�฀-3฀3OCIETY฀OF฀#IVIL฀%NGINEERS�฀4REASURER�S฀MINUTES฀AND฀
ACCOUNTS�฀����n�����฀MEETING฀ RECORD฀OF฀h3MEATONIANSv�฀AND฀4HE฀"ROTHERTON฀,IBRARY�฀,EEDS฀
5NIVERSITY�฀3PECIAL฀#OLLECTIONS�฀-3฀�������

���฀ 3EE฀MY฀3CIENTIlC฀CULTURE฀�REF�฀�	�฀CHAP�฀��

���฀ 4HE฀,EEDS฀)NTELLIGENCER�฀XXXVIII�฀NO�฀����฀���฀$ECEMBER฀����	�฀4HIS฀-R�฀"OOTH฀COULD฀BE฀THE฀SAME฀
"ENJAMIN฀"OOTH�฀LABELLED฀AS฀hA฀LABOURERv฀IN฀*OHN฀"ARRELL�฀)MAGINING฀THE฀+ING�S฀DEATH�฀&IGURATIVE฀
TREASON�฀FANTASIES฀OF฀REGICIDE฀����n�฀�/XFORD�฀����	�฀���n��

���฀ "IRMINGHAM฀#ITY฀,IBRARY�฀*AMES฀7ATT฀-33�฀3MEATON฀TO฀"OULTON฀AND฀7ATT�฀�฀&EBRUARY฀�����฀#F�฀
h!฀SMALL฀WORKING฀MODEL฀OF฀A฀STEAM
ENGINE฀ALL฀IN฀BRASS฀���฀a��฀�S�฀�Dv฀AND฀h!฀#OMPLETE฀COPY฀OF฀
"OULTON฀�฀7ATTS฀MOST฀IMPROVED฀ENGINE฀WITH฀THE฀BOILER฀AND฀APPARATUS฀COMPLETE฀���฀a���v�฀FOUND฀
IN฀!฀CATALOGUE฀OF฀OPTICAL�฀MATHEMATICAL�฀AND฀PHILOSOPHICAL฀INSTRUMENTS�฀MADE฀AND฀SOLD฀BY฀7�฀
AND฀3�฀*ONES�฀,OWER฀(OLBORN฀�,ONDON�฀����	�฀���฀IN฀"RITISH฀,IBRARY฀COPY฀BOUND฀WITH฀#�฀(�฀
7ILKINSON�฀!N฀ANALYSIS฀OF฀A฀COURSE฀OF฀LECTURES฀ON฀THE฀PRINCIPLES฀OF฀NATURAL฀PHILOSOPHY฀�,ONDON�฀
����	�฀4HERE฀IS฀SOME฀SUGGESTION฀THAT฀AS฀EARLY฀AS฀THE฀����S฀$ESAGULIERS฀WAS฀BUILDING฀MODELS฀AT฀
HOME�฀SEE฀,ARRY฀3TEWART�฀4HE฀RISE฀OF฀PUBLIC฀SCIENCE�฀2HETORIC�฀TECHNOLOGY�฀AND฀NATURAL฀PHILOSOPHY฀
IN฀.EWTONIAN฀"RITAIN�฀����n����฀�#AMBRIDGE�฀����	�฀����

���฀ 6ICTORIA฀AND฀!LBERT฀-USEUM�฀,ONDON�฀MODEL฀OF฀A฀ROTATIVE฀STEAM฀ENGINE�฀ABOUT฀�����฀MAHOGANY฀FRAME฀
WITH฀BRASS฀AND฀IRON฀lTTINGS�฀3CALE฀�����฀MADE฀IN฀"RITAIN฀BY฀AN฀UNIDENTIlED฀MODELMAKER�฀HEIGHT�฀
����฀§฀WIDTH�฀��฀§฀DEPTH�฀����฀INCHES�฀4HIS฀MODEL฀IS฀SIMILAR฀TO฀THE฀EARLY฀ROTATIVE฀STEAM฀ENGINES฀
lRST฀DEVELOPED฀BY฀*AMES฀7ATT฀�����n����	฀AND฀-ATTHEW฀"OULTON฀�����n����	฀IN฀THE฀����S�฀)T฀
WAS฀MADE฀BY฀AN฀UNIDENTIlED฀ENGINEERING฀APPRENTICE฀IN฀ABOUT฀�����

���฀ 4HOMAS฀9OUNG�฀!฀COURSE฀OF฀LECTURES฀ON฀NATURAL฀PHILOSOPHY฀AND฀THE฀MECHANICAL฀ARTS฀�,ONDON�฀����	�฀
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���฀ !�฀7ALKER�฀!NALYSIS฀OF฀A฀COURSE฀OF฀LECTURES฀IN฀NATURAL฀AND฀EXPERIMENTAL฀PHILOSOPHY�฀��TH฀EDN฀�,ONDON�฀
;����=	�฀&�฀(ARDIE฀TELLS฀US฀THAT฀HE฀TOO฀HAD฀APPARATUS฀AT฀HIS฀EXPERIMENTAL฀PHILOSOPHIC฀LECTURE฀ROOM฀
THAT฀COULD฀BE฀SEEN฀FOR฀A฀SHILLING�฀&�฀(ARDIE�฀3YLLABUS฀OF฀A฀COURSE฀OF฀LECTURES฀���฀AT฀HIS฀EXPERIMENTAL฀
PHILOSOPHIC฀ LECTURE฀ ROOM฀ AND฀ THEATRE฀ OF฀ RATIONAL฀ AMUSEMENT�฀ 0ANTHEON�฀ /XFORD฀ 3T��฀ ,ONDON฀
�,ONDON�฀;����=	�฀STATEMENT฀FROM฀THE฀TITLE฀PAGE�฀4HE฀ADVERTISEMENT฀ON฀THE฀BACK฀PAGE฀FOR฀!DAM฀
7ALKER�S฀LECTURES฀IN฀-ARCH฀SAYS฀THAT฀HE฀WILL฀DEVOTE฀ONE฀LECTURE฀TO฀HYDROSTATICS฀AND฀HYDRAULICS฀
WITH฀THE฀"OULTON฀�฀7ATT฀ENGINE฀lGURING฀PROMINENTLY�

���฀ 4HE฀,EEDS฀ )NTELLIGENCER�฀XXXVIII�฀NO�฀����฀ ���฀$ECEMBER฀����	�฀4HE฀ADVERTISEMENT฀A฀WEEK฀ LATER฀
SAYS฀THAT฀hHE฀CANNOT฀DO฀IT฀FOR฀LESS฀THAN฀��฀PEOPLEv�฀/N฀$EC�฀��฀WE฀ARE฀TOLD฀THAT฀THE฀LECTURES฀WILL฀
COMMENCE฀IN฀THE฀ENSUING฀WEEK�฀�฀NIGHTS฀A฀WEEK฀IN฀-R฀(ODGSON�S฀LARGE฀ROOM฀AT฀THE฀!CADEMY�฀
4HE฀lRST฀WEEK฀WILL฀PRESENT฀PNEUMATICS฀THEN฀HYDROSTATICS�฀

���฀ )฀OWE฀THIS฀POINT฀TO฀,ARRY฀3TEWART�฀h,ABORATORY฀SPACES฀AND฀INDUSTRIAL฀PRACTICE�฀����n����v�฀UNPUBLISHED฀
PAPER฀ DELIVERED฀ TO฀ THE฀ (ISTORY฀ OF฀ 3CIENCE฀ 3OCIETY฀ ANNUAL฀ MEETING�฀ -INNEAPOLIS�฀ .OVEMBER฀
�����

���฀ $ALHOUSIE฀5NIVERSITY�฀(ALIFAX�฀$INWIDDIE฀-3฀�
����฀NOTEBOOK฀ENTITLED฀h-ECHANICSv�฀N�F��฀DATED฀�฀
*UNE฀�����฀WHERE฀HE฀TELLS฀US฀THAT฀HE฀WATCHED฀AT฀THE฀2OYAL฀3OCIETY฀hA฀NEW฀METHOD฀FOR฀CONVERTING฀A฀
CIRCULAR฀INTO฀A฀RECIPROCATING฀MOTIONv�฀-ADE฀AVAILABLE฀THROUGH฀THE฀GENEROSITY฀OF฀,ARRY฀3TEWART�

���฀ !LL฀THESE฀NOTES฀AND฀EXPERIMENTS฀ARE฀CONTAINED฀IN฀SECTIONS฀OF฀-3฀�
���฀LABELLED฀hEXPERIMENTSv฀AND฀
hINSTRUMENTSv�

���฀ !NOTHER฀POINT฀OWED฀TO฀,ARRY฀3TEWART�฀CITING฀2ICHARD฀7ATSON�฀#HEMICAL฀ESSAYS฀�#AMBRIDGE�฀����	�฀
II�฀��n���

���฀ -ARSHALL฀-3฀�������฀h%XPERIMENTS฀ON฀SPINNING฀TOW฀FROM฀*UNE฀TO฀/CTOBER฀����v�฀NOS�฀�n���฀NOT฀
FOLIATED�฀FOR฀EXAMPLE�฀h&ROM฀THE฀ABOVE฀EXPERIMENT฀IT฀APPEARS฀THAT฀mAX฀WILL฀NOT฀SPIN฀WITH฀ROLLERS฀
THE฀COMMON฀WAY฀BECAUSE฀THE฀lBERS฀WILL฀NOT฀STICK฀TOGETHER฀SO฀MUCH฀AS฀TO฀HAND฀FORWARD฀FROM฀
ONE฀ROLLER฀TO฀ANOTHER฀ESPECIALLY฀AT฀SUCH฀DISTANCES฀AS฀THE฀LENGTH฀OF฀THE฀lBER฀REQUIRES฀THEM฀TO฀BE�฀)T฀
WILL฀BE฀SPUN฀BEST฀FROM฀A฀SLIVER฀DRAWN฀FROM฀THE฀HECKLE฀AFTER฀THE฀SAME฀MANNER฀AS฀WORSTED฀IF฀THAT฀
BE฀PRACTICABLEv�฀4HE฀TRIAL฀AND฀ERROR฀WORK฀OF฀-ATTHEW฀-URRAY฀IS฀NOTED฀HERE฀THROUGHOUT�฀3EE฀ALSO฀
-3฀�������฀VOL�฀I�฀h"LEACHINGv�฀WHICH฀CONTAINS฀-ARSHALL�S฀NOTES฀ON฀EVERY฀MAJOR฀CHEMIST฀OF฀THE฀
DAY�฀BUT฀FREQUENTLY฀WITHOUT฀BOOK฀OR฀PAGE฀CITED�฀"ERTHOLLET�฀%NCYCLOPÏDIE฀MÏTHODIQUE�฀!INSWORTH�฀
,AVOISIER�฀)N฀A฀NOTE฀DATED฀����฀WE฀lND฀AN฀ACCOUNT฀OF฀#HAPTAL�S฀VAPOUR฀BLEACHING�฀F�฀�฀RECOUNTS฀
"ERTHOLLET�S฀METHOD฀OF฀BLEACHING฀BY฀OXYGENATED฀MURIATIC฀ACID�฀TRANSLATED�฀WE฀ARE฀TOLD�฀IN฀THE฀
2EPERTORY฀OF฀!RTS฀FROM฀THE฀!NNALES฀DE฀CHIMIE�฀hWHEN฀IT฀HAS฀SPENT฀ITS฀POWER�฀IT฀IS฀COMMON฀MURIATIC฀
ACID�฀THE฀COLORING฀PARTICLES฀HAVING฀TAKEN฀AWAY฀ITS฀OXYGEN�v฀&OR฀THE฀NEXT฀GENERATION฀AND฀SIMILAR฀
NOTATIONS฀SEE฀-ARSHALL฀-3฀�������฀)฀�SOMEONE฀HAS฀WRITTEN฀THAT฀THIS฀APPEARS฀TO฀BE฀IN฀THE฀HAND฀
OF฀*OHN฀-ARSHALL	฀AND฀))�฀��฀/CTOBER฀�����฀h0ROPOSED฀EXPERIMENTS฀DURING฀*AMES�S฀ABSENCEv�฀
.OTES฀ON฀-ARSHALL�S฀CHEMICAL฀READING฀ALSO฀FOUND฀IN฀-3฀������฀AND฀INCLUDE฀NOTES฀ON฀3CHEELE�S฀
#HEMICAL฀ESSAYS�฀P�฀���฀7ALTIN�S฀#HEMICAL฀,ECTURES฀����฀;NAME฀COULD฀BE฀-ARTIN=�฀AGRICULTURE�฀
A฀NOTE฀ON฀3TONEHENGE฀AS฀AN฀ANCIENT฀OBSERVATORY�฀FROM฀,ESLIE฀ON฀(EAT฀�VO฀n฀�����฀฀h,IGHT฀IS฀
HEAT฀IN฀A฀STATE฀OF฀EMISSIONv�฀h4HE฀SAME฀PORTION฀OF฀HEAT฀RAISES฀THE฀TEMPERATURE฀OF฀ICE฀��฀DEGREES�฀
WATER฀��฀STEAM฀���฀;�=v�฀$R฀-OYLE�S฀LECTURES฀����฀ON฀THE฀ATMOSPHERE�฀LIGHTENING�฀RIVERS�฀THE฀
OCEAN�฀A฀SECTION฀LABELLED฀GEOLOGY�฀COMBUSTIBLE฀FOSSILS�฀A฀NOTE฀STATING฀THAT฀A฀GRAIN฀OF฀HYDROGEN฀
EXPLODES฀WITH฀A฀FORCE฀OF฀���฀44฀;�฀TONS=�฀NOTES฀LABELLED฀,ESLIE฀ON฀(EAT฀�VO�฀�����฀THEN฀NOTES฀ON฀
VARIOUS฀BOOKS฀ABOUT฀TRAVEL�฀!LSO฀PRESENT฀ARE฀NOTES฀ON฀AN฀ITEM฀IN฀THE฀0HIL�฀TRANS�฀ON฀GEOLOGY฀AND฀
ARCHAEOLOGY฀OF฀,INCOLNSHIRE�฀NOTES฀ON฀THE฀SEA฀AT฀THE฀EQUATOR฀AND฀ITS฀ELEVATION�฀3OUTH฀!MERICA�฀
#OAL�฀(UTTON�S฀THEORY฀ON฀FORMATION฀OF฀PEAT�฀&URTHER฀NOTES฀ARE฀ON฀"RUCE฀VOL�฀��฀(ELM�S฀TRAVELS฀IN฀
SOUTH฀!MERICA�฀����฀"ARROW�S฀VOYAGE฀TO฀#HINA�฀$E฀,UC�S฀%LEMENTS฀OF฀GEOLOGY�฀�����฀#UVIER฀AS฀
DISCUSSED฀IN฀THE฀%DINBURGH฀2EVIEW�฀�����

���฀ &OR฀A฀LIST฀OF฀$ALTON�S฀LECTURES฀SEE฀!RNOLD฀4HACKRAY�฀*OHN฀$ALTON�฀#RITICAL฀ASSESSMENTS฀OF฀HIS฀LIFE฀AND฀
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SCIENCE฀�#AMBRIDGE�฀-!�฀����	�฀���n���฀WHICH฀IN฀����฀INCLUDED฀LECTURES฀ON฀MATTER�฀MOTION฀AND฀
MECHANIC฀PRINCIPLES�฀HYDROSTATICS�฀PNEUMATICS�฀AS฀WELL฀AS฀HYDRAULIC฀AND฀PNEUMATIC฀INSTRUMENTS�฀
ELECTRICITY฀AND฀GALVANISM�฀MAGNETISM�฀OPTICS�฀ETC�฀4HERE฀WERE฀ALSO฀LECTURES฀ON฀MIXED฀ELASTIC฀mUIDS฀
AND฀THE฀ATMOSPHERE฀THAT฀ENDED฀WITH฀ASTRONOMY�฀THE฀SOLAR฀SYSTEM�฀ECLIPSES�฀LAWS฀OF฀MOTION฀OF฀THE฀
PLANETS฀EXPLAINED฀BY฀THE฀WHIRLING฀TABLE�฀TIDES�฀AND฀SYSTEM฀OF฀THE฀UNIVERSE�

���฀ -ARSHALL฀-3฀�������฀h0HILOSOPHICAL฀,ECTURES฀AND฀%XTRACTS�฀"OOTH�S฀0HILOSOPHICAL฀,ECTURES�฀$ECEMBER฀
����v�฀FROM฀,ECTURE฀��

���฀ )BID�฀4HIS฀MANUSCRIPT฀IS฀NOT฀FOLIATED�

���฀ )BID�

���฀ )BID��฀,ECTURE฀��

���฀ )BID��฀,ECTURE฀�฀ON฀HYDRAULICKS�

���฀ )BID��฀,ECTURE฀��฀h��฀)N฀THE฀CLACK฀OR฀VALVE฀���฀THE฀VERY฀BEST฀POSSIBLE฀CONSTRUCTION฀IS฀THE฀MITRE฀CLACK฀�฀A฀
WORKING฀MODEL฀OF฀$R�฀&RANKLIN�S฀CONTRIVANCE฀FOR฀DRAWING฀WATER฀BY฀A฀HAIR฀ROPE฀WAS฀EXHIBITED฀�฀
PROVED฀NOT฀TO฀ANSWER฀�฀A฀MODEL฀OF฀A฀PUMP฀INVENTED฀BY฀-R฀"OOTH฀WAS฀SHEWN฀WHICH฀PUMPED฀
THE฀WATER฀BY฀A฀CONTINUED฀CIRCULAR฀MOTION�฀!฀MODEL฀OF฀A฀PUMP฀WHICH฀MADE฀A฀STROKE฀DRAINED฀WATER฀
BOTH฀BY฀THE฀PISTON�S฀ASCENDING฀�฀DESCENDING฀�฀A฀MODEL฀OF฀A฀MACHINE฀FOR฀RAISING฀A฀QUANTITY฀OF฀
WATER฀�฀FEET฀HIGH฀BY฀MEANS฀OF฀A฀SMALL฀STREAM฀OF฀WATER฀EQUAL฀TO฀��฀;�=฀OF฀THE฀WATER฀RAISED฀FALLING฀
��฀FEET฀���฀THE฀PIECE฀OF฀WOOD฀THEN฀FALLS฀TO฀THE฀BOTTOM฀�฀RAISES฀A฀QUANTITY฀OF฀WATER฀EQUAL฀TO฀ITS฀
OWN฀WEIGHT฀AT฀THE฀OTHER฀END฀OF฀A฀BEAMv฀AND฀ON฀THE฀NEXT฀PAGE�฀h.EWTON฀ATTRIBUTED฀THE฀TIDE฀ON฀THE฀
OPPOSITE฀SIDE฀OF฀THE฀EARTH฀FROM฀THE฀MOON฀TO฀THE฀SOLID฀PART฀OF฀THE฀EARTH฀BEING฀MORE฀ATTRACTED฀THAN฀
THE฀WATER฀ON฀THE฀OPPOSITE฀SIDE฀�฀BEING฀AS฀IT฀WERE฀DRAWN฀AWAY฀FROM฀IT�฀&ERGUSON฀ASCRIBES฀IT฀TO฀THE฀
CENTRIFUGAL฀FORCE฀ARISING฀FROM฀THE฀EARTH�S฀MOVING฀ROUND฀ITS฀COMMON฀CENTER฀OF฀GRAVITY฀WITH฀THE฀
MOON�฀4HAT฀CENTER฀OF฀GRAVITY฀IS฀ABT฀����฀MILES฀FROM฀THE฀SURFACE฀OF฀THE฀EARTHv�฀)N฀DISCUSSING฀VALVE฀
OF฀THE฀PUMP฀HE฀NOTES฀THAT฀VIBRATION฀DECREASES฀VELOCITY�฀,ECTURE฀��฀IS฀ON฀PNEUMATICK฀CHEMISTRY฀
WITH฀A฀LONG฀DISCUSSION฀OF฀PHLOGISTON฀THEORY฀AND฀ITS฀ERRORS�฀,ECTURES฀��฀AND฀��฀ARE฀ON฀ELECTRICITY�฀
hELECTRIC฀MATTER฀IS฀A฀mUID฀SUI฀GENERIS฀�฀IT฀FOLLOWS฀THE฀LAW฀OF฀ALL฀OTHER฀mUIDS฀IN฀ENDEAVOURING฀TO฀
KEEP฀UP฀AN฀EQUILIBRIUM฀IN฀ALL฀ITS฀PARTS฀�฀ALL฀BODIES฀MORE฀OR฀LESS฀CONTAIN฀A฀PORTION฀OF฀THIS฀MATTER฀
�฀THAT฀PORTION฀MAY฀BE฀INCREASED฀OR฀DIMINISHED�v฀4HEN฀$R฀-OYES฀ON฀%LECTRICITY฀�฀APPLICATIONS฀
ARE฀DISCUSSED฀AND฀THESE฀ARE฀ENTIRELY฀MEDICAL�฀ALSO฀HOW฀TO฀DEPLOY฀LIGHTENING฀RODS฀TO฀PROTECT฀A฀
HOUSE�฀PROPER฀DISTANCE฀BETWEEN฀THE฀RODS�฀ETC�

���฀ )BID��฀,ECTURE฀�฀ON฀HYDRAULICKS�

���฀ )BID��฀,ECTURE฀���

���฀ )BID��฀h&ROM฀,ESLIE฀ON฀(EAT฀�VO฀�฀����฀,IGHT฀IS฀HEAT฀IN฀A฀STATE฀OF฀EMISSION�฀4HE฀SAME฀PORTION฀OF฀HEAT฀
RAISES฀THE฀TEMPERATURE฀OF฀ICE฀��฀DEGREES�฀WATER฀��฀STEAM฀���฀;�฀3YMBOL฀UNCLEAR=v�

���฀ -ARSHALL฀-3฀�������฀.OTEBOOK฀C�฀�����฀OPENING฀PAGES฀LIST฀ALL฀ITEMS฀ALPHABETICALLY�฀฀&OLIO฀�฀IS฀ENTITLED฀
h3TEAM฀%NGINEv฀AND฀GIVES฀A฀LIST฀OF฀ENGINES฀AT฀WORK฀IN฀THE฀REGION฀WITH฀ALL฀OF฀THEIR฀SPECIlCS฀AND฀
THE฀LIST฀IS฀CONTINUED฀ON฀F�฀���฀UNDATED�฀THESE฀PAGES฀INCLUDING฀SOME฀ENGINES฀IN฀-ANCHESTER�฀F�฀
�n��฀CITED฀ IN฀ REF�฀��฀ )N฀ FF�฀�n�฀WE฀HAVE฀ LISTS฀OF฀NAMES฀OF฀-ECHANICKS�฀E�G��฀ *OSHUA฀7RIGLEY�฀
ERECTOR฀OF฀3TEAM฀%NGINE฀�฀#OTTON฀-ACHINERY฀n฀-AN฀;-ANCHESTER=�฀THEN฀SPINDLE฀MAKERS�฀STEEL฀
BURNERS�฀ROLLER฀MAKERS�

���฀ 2IMMER�฀-ARSHALLS฀OF฀,EEDS฀�REF�฀��	�฀����

���฀ -ARSHALL฀-3฀�������฀.OTEBOOK฀C�฀�����฀ F�฀��฀ LABELLED฀3TRENGTH฀OF฀WHEELS�฀h4O฀lND฀ THE฀STRENGTH฀
NECESSARY฀FOR฀ANY฀GIVEN฀POWER฀�฀2ULE฀4HE฀SQUARE฀OF฀THE฀THICKNESS���v฀AND฀CITED฀IN฀REF�฀��฀

���฀ )BID��฀F�฀��฀LABELLED฀3PEED�฀hTHE฀GREATEST฀SPEED฀AT฀WHICH฀THEY฀CAN฀SPIN฀COTTON฀IS฀��FT฀A฀MIN�฀OR฀��฀FEET฀
A฀MIN฀THE฀DAY฀THROUGH฀INCLUDING฀STOPPAGES�v

���฀ -ARSHALL฀-3฀�������฀.OTEBOOK฀C�฀�����฀FF�฀��n���฀3EE฀SIMILAR฀POINTS฀BEING฀MADE฀BY฀2EV�฀3�฀6INCE�฀
!฀PLAN฀OF฀A฀COURSE฀OF฀LECTURES฀ON฀THE฀PRINCIPLES฀OF฀NATURAL฀PHILOSOPHY฀�#AMBRIDGE�฀����	�฀���฀
h4HE฀FRICTION฀OF฀A฀BODY฀DOES฀NOT฀CONTINUE฀THE฀SAME฀WHEN฀IT฀HAS฀DIFFERENT฀SURFACES฀APPLIED฀TO฀
THE฀PLANE฀ON฀WHICH฀IT฀MOVES�฀BUT฀THE฀SMALLEST฀SURFACE฀WILL฀HAVE฀THE฀LEAST฀FRICTION�v฀)N฀A฀"RITISH฀
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,IBRARY฀COPY฀OF฀6INCE�S฀BOOK�฀OWNED฀IN฀����฀BY฀4HOMAS฀"ARBER฀OF฀#AMBRIDGE฀�CALL฀NUMBER฀
���������	�฀ THE฀STUDENT�S฀MS฀NOTES฀READ฀IN฀PART฀h3OME฀7RITERS฀HAVE฀ASSERTED฀THAT฀&RICTION฀IS฀
INCREASED฀IN฀THE฀SAME฀BODY฀IF฀ITS฀VELOCITY฀BE฀INCREASED�฀BUT฀THIS฀IS฀NOT฀THE฀CASE�฀AS฀APPEARS฀FROM฀
-R฀6INCE�S฀%XPERIMENTSv�฀FOUND฀IN฀BLANK฀SHEETS฀AFTER฀P�฀���

���฀ -ARSHALL฀-3฀�������฀FF�฀��n���฀(ERE฀WE฀lND฀NOTATIONS฀ON฀LECTURES฀REMARKABLY฀SIMILAR฀TO฀"OOTH�S�฀THE฀
FOLLOWING฀APPEARS฀IN฀THE฀lRST฀LECTURE�฀h)F฀ANY฀TWO฀WEIGHTS฀BALANCE฀EACH฀OTHER฀WHEN฀HUNG฀FROM฀
A฀STRAIGHT฀LEVER�฀THEY฀WILL฀BE฀TO฀EACH฀OTHER฀INVERSELY฀AS฀THEIR฀DISTANCES฀FROM฀THE฀FULCRUM�v฀4HE฀
SAME฀IS฀FOUND฀IN฀6INCE�฀OP�฀CIT�฀�REF�฀��	�฀��฀4HESE฀LECTURES฀CONCERNED฀IN฀THIS฀ORDER�฀MECHANICS�฀
HYDROSTATICS�฀OPTICS�฀MAGNETISM�฀AND฀ASTRONOMY�

���฀ 6INCE�฀OP�฀CIT�฀�REF�฀��	�฀��฀h)N฀A฀lXED฀PULLEY�฀THE฀POWER฀IS฀EQUAL฀TO฀THE฀WEIGHT�v

���฀ -ARSHALL฀-3฀�������฀.OTEBOOK�฀DATED฀�����฀BUT฀NOTES฀CONTINUE฀IN฀LATER฀YEARS�฀AND฀THIS฀ONE฀ON฀F�฀��฀
IS฀DATED฀�����

���฀ #ITED฀IN฀2IMMER�฀-ARSHALLS฀OF฀,EEDS฀�REF�฀��	�฀���

���฀ )BID��฀���฀FROM฀-ARSHALL�S฀MS฀NOTEBOOK�฀hEXPERIMENTSv�฀3EE฀ALSO฀-3฀�������฀hEXPERIMENTS฀ON฀SPINNING฀
TOW฀FROM฀*UNE฀TO฀/CTOBER฀����v�

���฀ 4HE฀REPERTORY฀OF฀ARTS฀AND฀MANUFACTURES�฀CONSISTING฀OF฀ORIGINAL฀COMMUNICATIONS�฀SPECIlCATIONS฀OR฀
PATENT฀INVENTIONS����฀XI฀�฀,ONDON�฀����	�฀���n���฀)฀OWE฀THIS฀REFERENCE฀TO฀-URRAY�S฀WORK฀TO฀,ARRY฀
3TEWART�

���฀ !S฀CITED฀IN฀REF�฀��฀-ARSHALL฀-3฀�������฀F�฀���฀ON฀THE฀BREADTH฀OF฀THE฀TOOTH�

���฀ -ARSHALL฀-3฀�������฀F�฀��฀&OR฀A฀SIMILAR฀DISCUSSION฀OF฀OXYGENATED฀MURIATIC฀ACID฀SEE฀7ILLIAM฀.ICHOLSON�฀
!฀DICTIONARY฀OF฀CHEMISTRY฀�,ONDON�฀����	�฀����฀ENTRY฀UNDER฀BLEACHING฀OF฀LINENS�

���฀ -ARSHALL฀-3฀�������฀F�฀���฀-ARCH฀�����฀hWE฀BEGAN฀TO฀TRY฀EXPERIMENTS฀WITH฀THE฀BLEACHING฀LIQUOR฀
���฀AFTER฀PROCEDURES฀DONE฀lRST฀BY฀!INSWORTH฀WORKING฀ON฀COTTONv�฀$ISCUSSED฀BRIEmY฀IN฀2IMMER�฀
-ARSHALLS฀OF฀,EEDS฀�REF�฀��	�฀���

���฀ -ARSHALL฀-3฀�������฀FF�฀��n���

���฀ -ARSHALL฀-3฀������฀�)	�฀AND฀�))	�฀F�฀���

���฀ 4HE฀"ROTHERTON฀,IBRARY�฀'OTT฀-33�฀-3฀������฀ LETTERS฀ FROM฀"OULTON฀�฀7ATT�฀0ETER฀%WART�฀ *AMES฀
,AWSON�฀*OHN฀2ENNIE�฀-3฀������n���฀COPIES฀OF฀LETTERS฀FROM฀"OULTON฀�฀7ATT฀THAT฀ARE฀NOW฀HOUSED฀
AT฀THE฀"IRMINGHAM฀#ITY฀,IBRARY฀AND฀ARE฀ALSO฀AVAILABLE฀ON฀MICROlLM�

���฀ 'OTT฀-33�฀-3฀������฀F�฀���฀LETTER฀OF฀�฀-AY฀�����฀FROM฀$AVISON฀TO฀'OTT฀ASKING฀HIM฀IF฀HE฀WOULD฀GIVE฀
HIM฀AN฀OPINION฀OF฀HIS฀STEAM฀ENGINE�

���฀ 'OTT฀-33�฀-3฀����฀"EAN฀)NG฀-ILL฀.OTEBOOK฀OF฀0RICES฀AND฀0ROCESSES฀;C�฀���n��=�฀hEXPERIMENTS฀MADE฀
IN฀THE฀$YE฀HOUSE฀0ARK฀-ILL�฀�฀3EPT�฀����v�

���฀ 'OTT฀-33�฀-3฀������฀F�฀���฀LETTER฀OF฀$AVISON฀TO฀'OTT�฀�฀-AY฀�����฀ASKING฀HIM฀IF฀HE฀WOULD฀GO฀WITH฀
HIM฀TO฀GIVE฀HIS฀OPINION฀OF฀THEIR฀STEAM฀ENGINE฀TO฀'OODWIN�฀hBUT฀IF฀YOU฀CAN�T฀HERE฀ARE฀QUERIES฀IN฀
WRITINGv�฀/N฀THE฀ENGINE฀AND฀ITS฀MANY฀USES฀FOR฀SCRIBBLING�฀CARDING�฀TURNING฀SHAFTS฀AND฀GEARINGS�฀
AND฀STONES฀TO฀GRIND฀DYEWOOD�฀SEE฀(EATON�฀OP�฀CIT�฀�REF�฀��	�฀��n���

���฀ 'OTT฀-33�฀-3฀������฀F�฀���฀'OTT฀TO฀"RAMAH�฀��฀-ARCH฀�����

���฀ 'OTT฀-33�฀-3฀������฀F�฀���

���฀ )BID��฀F�฀���฀'OTT฀TO฀"RAMAH฀FROM฀,EEDS�฀��฀-ARCH฀�����฀ON฀HIS฀HYDRO
MECHANICAL฀PRESS�฀h7E฀HAVE฀
FROM฀YOUR฀LETTER฀OF฀THE฀��TH฀INSTANT฀THAT฀THE฀SALE฀AND฀GENERAL฀ADOPTION฀OF฀YOUR฀PATENT฀PRESSES฀HAVE฀
BEEN฀PREVENTED฀BY฀UNFAVORABLE฀REPRESENTATIONS฀RESPECTING฀THE฀MERITS฀�฀UTILITY฀OF฀THE฀ONE฀YOU฀
ERECTED฀FOR฀US฀���฀WE฀MUST฀���฀TELL฀YOU฀THAT฀WE฀LOOK฀AFTER฀EVERY฀OPERATION฀OF฀THE฀WORK฀OURSELVES�฀
AND฀IF฀WE฀HAD฀EXPERIENCED฀ANY฀ADVANTAGE฀FROM฀THE฀USE฀OF฀YOUR฀PRESS�฀WE฀SHOULD฀HAVE฀INSISTED฀
ON฀THOSE฀MEN฀WORKING฀IT�฀OR฀WE฀SHOULD฀HAVE฀APPOINTED฀OTHERS฀IN฀THEIR฀PLACES฀WHO฀WOULD฀HAVE฀
BEEN฀OBEDIENT����v฀3EE฀(EATON�฀OP�฀CIT�฀�REF�฀��	�฀��฀WHO฀TAKES฀A฀DIMMER฀VIEW฀OF฀'OTT�S฀SUCCESS฀
IN฀PUTTING฀THE฀MACHINE฀TO฀WORK�

���฀ 'OTT฀-33�฀-3฀������฀F�฀���฀LETTER฀OF฀�฀-AY฀�����฀$AVISON฀TO฀'OTT�
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���฀ ,EEDS฀5NIVERSITY�฀4HE฀"ROTHERTON฀,IBRARY�฀3PECIAL฀#OLLECTIONS�฀-3฀$EP�฀���������฀�฀-AY฀�����

���฀ #HARLES฀4HACKRAH�฀!N฀ INTRODUCTORY฀DISCOURSE�฀$ELIVERED฀ TO฀ THE฀,EEDS฀0HILOSOPHICAL฀AND฀,ITERARY฀
3OCIETY�฀!PRIL฀��฀����฀�,EEDS�฀����	�฀��n���฀

���฀ -ARSHALL฀-3฀�������฀UNFOLIATED�฀&OR฀THEIR฀KNOWLEDGE฀OF฀THE฀,AKE฀$ISTRICT฀AND฀THE฀RELATIONSHIP฀BETWEEN฀
*ANE฀-ARSHALL฀AND฀$OROTHY฀7ORDSWORTH�฀SEE฀%RNEST฀DE฀3ELINCOURT฀�ED�	�฀4HE฀LETTERS฀OF฀7ILLIAM฀
AND฀$OROTHY฀7ORDSWORTH�฀�ND฀EDN฀REV�฀BY฀#HESTER฀,�฀3HAVER�฀ I�฀4HE฀EARLY฀YEARS�฀����n����฀
�/XFORD�฀����	�




