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Abstract

This study examines in detail for the first time the emergence and development of a
highly specialised sector of British manufacturing industry, charting its evolution and
explaining its growth predominantly through scrutiny of original source material relating
to the key actors in the story. It proposes that after 1888 Britain produced an optical
munitions manufacturing structure which succeeded in dominating production of the
most militarily important and commercially valuable instrument in the field, and which

by 1914 had achieved an hegemonical position in the international marketplace. The
study also overturns the conclusions of the previous brief scholarship on the topic,
asserting that the industry responded well to the challenges of the Great War and going

on to show that there was a difficult, but ultimately successful translation back to peace.

This largely ignored branch of British technological manufacturing performed effectively

and ran counter to notions of the relative decline or comparative failure of industries in
the sector, and the narrative puts forward reasons to explain that success. To do this, the
account employs a methodology embracing a combination of theories and models of

historical explanation to demonstrate reasons for the industry’s path and to test the

Interpretations put forward.
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Introduction

1 The nature of optical munitions and the importance of the industry.

The British industry that made specialised optical instruments — ‘optical munitions’ — for
use in warfare has not previously been systematically examined. It is curious in having
been almost entirely overlooked, particularly as it constituted an important component in
the evolution of scientific and technological industries in Britain during the late
nineteenth and early twentieth centuries. Optical munitions were devices either specially
designed or adapted for use in warfare, and used for observation, measuring target
ranges, and controlling gunnery, torpedoes and aerial bomb aiming. They employed

complex optical systems requiring great precision in manufacture and incorporation into

mechanical mounting systems which were equally demanding in their construction, and
represented highly specialised applications of optical technology that generally had no
outlet into civil markets. Although optical devices such as telescopes had been used in
warfare from the early seventeenth century, it was only during the last two decades of the
nineteenth century that their development was accelerated by a combination of other
advancing technologies that influenced and stimulated weapons design, a process that
continued at an advancing pace and peaked during the Great War of 1914-1918, slowing
with the return of peace and eventually being checked in 1923 through a combination of

political will and financial constraint.

Optical devices became essential components of the most complex and important

weapons systems that evolved during the period of this study. Without them, for
example, neither the capital ship nor the submarine could have functioned effectively and

would have been compromised as effective strategic instruments. The optical munitions
industry that furnished these key components became a vital part of the British

armaments industry:.

2. Previous scholarship and conceptions.
The optical munitions industry which emerged in the latter part of the nineteenth century

and grew to strategic importance in the following thirty years, has been almost entirely



overlooked and never closely examined, a state of neglect for which reasons will be
suggested later. This study closes that gap in knowledge, and shows a capable and
effective industry whose performance runs counter to some frequent conceptions of
shortcomings in British technological manufacturing in the early 20 century. It explains
why this new industry emerged, charts its evolution, provides a chronology and a cast of
players in the perspective of contemporary events, and describes and explains the
relationship that developed between the industry, the State client, and the armed forces
which used its products. The account demonstrates the growing importance of optical
Iinstrumentation in warfare and explores how the armed forces’ attitudes to optical
munitions were influenced not only by national and international politics but also by
institutions and traditions within their own structures, which in turn affected both the pre-

war development and post-war survival of the optical munitions industry. The story
shows that an overlooked facet of British technological manufacturing had sufficient skill

and commercial ability to compete so successfully for foreign business before the Great
War that it reached a hegemonical position which was eroded only by the massive

political and demographic changes caused by the reversion to peace in the early 1920s.

Despite its importance, the optical munitions industry has not only been almost entirely
overlooked, but what little that has been written about it has created a number of
misconceptions. The nature of optical munitions themselves has not generally been
understood by historians dealing with industry and individual businesses, who have
accepted that military optical devices were either the same as those intended for civil use
or little more than modifications of them. Nor have they recognised the growing
importance and significance of optics in warfare after the 1890s and the consequent
importance of the firms making them, and none have made the connection that places

optical munitions manufacture within the field of the armaments rather than the scientific

instruments industry.

The first printed account dealing with the optical munitions manufacture was in the

History of the Ministry of Munitions, prepared in 1922 as an official record of that body’s



work during the Great War.' Its relatively brief coverage of war-time optical
manufacturing (just forty four pages in a twelve volume work) related to what it
described as ‘The Optical and Scientific Instrument Trade’. Two principal problems have
arisen from this account and misdirected later scholars. Firstly, it located the production
of optical munitions within the commercial instruments industry, a position which has
subsequently been accepted without question but which this account will show to be
erroneous. And secondly, it maintained that the earlier production of optical munittons
took place within the context of a backward and inefficient optical industry, an
impression that has also been generally adopted. This study demonstrates the inaccuracy
of those interpretations and illustrates how they have helped to generate misconceptions

and errors in the recognition and understanding of optical munitions production in

Britain.

For example, Roy and Kay MacLeod’s study of the British government’s relationship
with the optical instruments industry during the Great War drew on both the official
History and some Ministry of Munitions files, reinforced by contemporary reports and
published correspondence.” They saw optical munitions production as part of the general
optical instruments industry’s activities rather than in a separately identifiable sector.
Their concern was principally with the State’s ‘mediations’ in what they described as the
‘science-based industries’ that included those making optical instruments, and they
considered that the production of optical munitions took place ‘at the extreme end of the
science-based industries’.’ Following the lead given by the Ministry’s account, they
emphasised the inadequacy of the pre-war optical industry and the transformation
achieved during the war, whilst recognising that they had ‘been unable to look in detail at
individual optical technologies . . . or the business histories of individual firms’.* Had

they been able to direct their examination down those routes, a very different picture

would have emerged.

! Great Britain, Ministry of Munitions, History of the Ministry of Munitions. 12 vols. (London: HMSO,
1922).

% R. and K. MacLeod, "Government and the Optical Industry in Britain 1914-1918." In War and Economic
Development, edited by J. M. Winter. (Cambridge: Cambridge University press, 1977) p. 165.

* MacLeod (1976) p. 191.

‘ MacLeod (1976) p. 166.



Mari Williams touched on optical munitions production when she compared aspects of
the British and French ‘precision industries’ between 1870 and 1939, in the context of
connections between precision engineering and the military sciences.’ She identified
precision industries as those ‘at the forefront in scientific, technical and industnal
research’,® and although not dealing specifically with optical manufacture recognised
there were links between such industries and the armed forces that had a catalysing effect
on them. Williams cited the case the case of the Glasgow rangefinder makers Barr &
Stroud as an instance of how such connections could encourage and shape the growth of
a particular business.’ Nevertheless, she saw Barr & Stroud as part of the instrument
making community and, despite the company’s total lack of either commercial products
or civil clients, failed to recognise its close connection with the armaments industry. In
her discussion of the Great War period, Williams took up the theme developed by Roy
and Kay MacLeod, citing from their earlier work and archival material from surviving
Ministry of Munitions’ files, accepting that a weak pre-war industry had been in need of

State intervention.

A third reference to optical munitions manufacture is found in Anita McConnell’s history
of the York optical firm of Thomas Cooke Ltd.® She showed the firm’s involvement in

optical munitions production before the Great War, but because much of that was
‘Instruments adapted to military needs’, or derived from earlier types of survey
instruments designed originally for the civil market, she regarded them as essentially no
different from the firm’s other commercial optical apparatus.” However, McConnell
made it clear that by no means all of the optical munitions produced by Cooke had any
likely civil sales; the Watkin depression rangefinder and Grenfell gunsights, for example,
were designed specifically for use with artillery, and a marketing agreement with
Grenfell and the arms producers Vickers was signed in 1896.'° Despite this separation

* M. E. Williams. The Precision Makers; a History of the Instruments Industry in Britain and France 1870-
1939. (London: Routledge, 1994). In particular, see chapters 2, 3, and 4.

® Williams (1994) p. 1.

’ Williams (1994) p. 34.

® A. McConnell. Instrument Makers to the World; a History of Cooke, Troughton & Simms. (York:

William Sessions, 1992).
? McConnell (1992) p. 64, and pp. 72-78.
' McConnell (1992) p 65.



from civil marketing, like the MacLeods and Mari Williams, she still saw optical

munitions manufacture as an adjunct to commercial instrument production rather than a

separate enterprise.

This failure to identify the importance of optical munitions in the context of industry and
business has been paralleled in the study of military technology and warfare, where
optical devices have been seen as subordinate elements of other more elaborate weapons
systems, rather than as critically important artefacts in their own right. Jon T. Sumida’s
detailed study of the introduction of gunnery direction (fire-control) systems into the
Royal Navy between 1889 and 1914 emphasised the primary importance of the
mechanical computational elements that predicted the future position of a moving target,
minimising the vital role played by the optical instruments that provided the initial target
distance required to set the process in train.'' Norman Friedman’s lengthy examination of
the evolution of the U.S. submarine confined discussion of the periscope — the only
means by which a submerged vessel could see what was happening above the surface and
thus function as an underwater weapon — to an appendix, even then concentrating largely
on the context of its installation and maintenance in the boat’s hull.'* Like Sumida, he
relegated optical instrumentation to a secondary role within a larger technological
system, and 1n his companion history of U.S. battleships gave even less attention to the

question, mentioning optical fire-control on only seven of 450 pages without indicating

its importance at all."”

British historians have followed similar paths. In their major history of the design of
British capital ships after 1912, Alan Raven and John Roberts devoted only one
paragraph specifically to rangefinders in the period between then and 1922, and Ian Hogg

and John Bachelor allowed just one page to optical munitions in their comprehensive

"' J. T. Sumida. In Defence of Naval Supremacy; Finance, Technology and British Naval Policy 1889-
1914. (London, Routledge, 1993). See chapters 3, 5, and 6 for details on fire-control systems as a self-

contained technological entity.
** Norman Friedman. U.S. Submarines through 1945; An Illustrated Design History. (Annapolis, MD:

Naval Institute Press, 1995). p. 267 ff.
" Norman Friedman. U.S. Battleships; An Illustrated Design History (London, Arms and Armour Press,

1986). See Index.



history of the naval gun and its employment.'* John Brooks examined the location of fire
control equipment aboard early twentieth century battleships in great depth without
giving any attention to the nature of optical instruments themselves.' > This characteristic
passing-over of optical technology was partly explained by D. K. Brown, another
historian of warship design, when he said that he took into account ‘the technology of ...
fire control ... only [in its] impact on the overall design of the ships’.'® Historians of
naval armament technology have not been oblivious to optical munitions, but through a
repeated subordination to other considerations have minimised their importance and so
failed to introduce any significant body of knowledge into the literature of armaments

and their application.

The only published work dealing in any detail with optical munitions manufacture
remains Michael Moss and Iain Russell’s history of the Glasgow rangefinder makers
Barr & Stroud Ltd, commissioned by the firm to mark its centenary in 1988.!” Not
intended to be either a critical or analytical account of the company, still less a survey of
an entire industry, it is a straightforward record of the firm’s inception and growth that
provides a narrative account of its fortunes as a specialist maker of optical munitions.
The authors had access to the company’s large archive, and the book contains much
useful basic factual content about the business, as well as some contextual information.
However, 1ts ‘broad brush’ nature precluded any analysis of the company’s development
and inter-action with the State, so that the book is something of an aperitif to the whole

subject of optical munitions production rather than being a meal 1n 1tself.

3 Themes, theories and models.
The history of the optical munitions industry cannot be encapsulated or fenced-off from

other history. It existed not only within its own business world and the pursuit of its

'* A. Raven and J. Roberts, British Battleships of World War II (London: Arms and Armour Press, 1976)
.79, and I. Hogg and J. Batchelor, Naval Gun (Poole, Dorset: Blandford Press, 1978) p. 108.
> J. Brooks, "The Mast and Funnel Question: Fire-Control Positions in British Dreadnoughts 1905-1915."

In Warship 1995 (London: Conway Maritime Press, 1995) pp. 40-60.
'“D. K. Brown, The Grand Fleet; Warship Design and Development 1906-1922. (London: Chatham

Publishing, 1999) p. 7.
' Michael Moss and Iain Russell. Range and Vision; the First Hundred Years of Barr & Stroud.

(Edinburgh: Mainstream Publishing, 1988). In particular, see chapters 1 to 3.



specific scientific research, but also in context of evolving military technology and the
political will to employ and exploit such technologies within a framework of national
security and foreign policies. As a result, its story embraces not only elements of
entrepreneurship and invention, of business history and the growth of business structures
— what may be called ‘internal’ elements — but also has a content concerning the
evolution of military technologies, of naval and military history, as well as domestic and
international politics — the ‘external’ elements. Although the principal theme is of an
evolving industry responding to developments in military and naval technologies and
growing eventually to become a strategically critical part of the national armaments
industry, there are other themes which emerge from the external context, interweaving
with and adding layers to the story, enriching the account but complicating its telling and
explanation. These contributing themes include the nature of military and naval societies,
the State’s attitude to rights of inventors and the international proliferation of armaments,
the economic factors influencing expenditure on arms, and the willingness of government
to sustain vital elements of the defence industry in peacetime. The story of the industry is
diverse and complicated, and it must look for the theoretical underpinnings of historical

scholarship to guide and facilitate its interpretation and explanation.

There is no shortage of theoretical underpinning to draw on; the problem is to decide if
any one theory or model might possibly serve as a unifying thread to run through the

study. Notions of technological determinism might seem highly appropriate to the
understanding of the industry at a time when advances in military technology were acting

‘as a crucial agent of change’ in how armies and navies saw the potential of new
weaponry and acted to acquire it.'® Advances in armaments technology between the late
1880s and the early 1920s could be interpreted as having led the governments of the
major (and some minor) powers into ‘a situation of 1nescapable necessity’ where they
had to acquire the latest and most sophisticated weapons systems, a seemingly clear-cut
case of what Merritt Roe Smith and Leo Marx called ‘hard determinism’ where

technology itself is credited with ‘the power to effect change’. As the following account

'* M. R. Smith and L. Marx, editors, Does Technology Drive History? The Dilemma of Technological
Determinism (Cambridge, Massachusetts: MIT Press, 1994) pp. ix, xii, xiii and xiv are the locations of the
quotations in the rest of this section.



will show, this seems sufficiently convincing at the start of the story, when the
technology of new explosives led to the development of weapons whose effective
deployment demanded the creation of new instruments for their direction. However,
subsequent changes through time indicate that the development of both instruments and

industry was influenced as much by those involved with them as by the inexorable

pressure of technological evolution.

The accommodation of this trend could be more suitably reached through the alternative
understanding, still in the area of determinism, that ‘the history of technology is a history
of human actions’, demanding comprehension of the social, political and economic

circumstances surrounding those responsible for a particular advance in order to provide
explanation for it. This ‘soft determinism’ argues that the agency for change through
technological development lies not in technology itself but in the structure of the society

in which it is located. Comprehension of the nature of technological power requires
understanding the ‘actors’ who were at the heart of the process.'’ These approaches lend
themselves to a process of fusion where, as Smith and Marx suggest, technological
determinism may be understood as being the human characteristic of producing societies,
whether military or civil, that ‘invest technologies with enough power to drive history’.
However, the industry’s evolution will be seen to involve a great deal of influence from
areas which were not themselves directly connected with the developing technology,
raising the question of whether the ‘softly deterministic’ approach can actually be

adequate to explain the process of evolution that took place.

The nature of those outside influences and forces will be seen frequently as other than
technological in their nature, issuing from a variety of sources located outside the
industry itself, all having their own particular interests and priorities which were by no
means always similar. The industry’s story is made up of a ‘seamless web of technology
and society’, where the overall context in which technological developments were

located played a significant part in the identification and solution of problems in the

' Smith and Marx (1994), p. xiii.



development of optical munitions.’’ Contextual factors frequently heavily influenced the
nature of solutions to perceived problems. The ‘social construction of technology’
method (SCOT) might be used to explain how non-technological factors, emanating from
distinctly identifiable social groups whose interests or goals were by no means identical,
shaped the evolution of instrument design (and the industry itself) and then influenced
the recognition of a particular solution as being appropriate for its intended purpose.

SCOT suggests that technology is socially constructed by groups of people involved in a
process of innovation and who, individually and collectively, interact with each other in
order to produce a particular artefact. In this study, the term artefact can be applied both
to the instruments being made and to the industry which produced them. These groups,
or ‘actors’, may have differing views of the ‘proper’ form of the artefact involved, but
work towards a ‘stabilised” outcome to achieve “closure’ of a process which is essentially

social rather than technical in its nature.

Although the social constructivist approach promises here to allow a better understanding
of contextual factors than soft determinism might, it still leaves some difficulty in
explaining certain aspects of the industry’s evolution. This is particularly so in respect of
events during the Great War, where attempts to overhaul the optical munitions industry
were frustrated by a set of factors which were by no means covered by the social
dimension, being inherently technical in their nature and suggesting a decidedly
determinist nature. Taking into account the apparent appropriateness of some aspects of
the industry’s development for deterministic interpretation, it seems fitting to ask
whether SCOT is, after all, the ideal model to adopt.

The *systems’ approach to the study of the history of technology adopted by Thomas
Hughes, which stresses the importance of attention to ‘the different but interlocking
elements of physical artefacts, institutions, and their environment’, seems best suited to

facilitate the assimilation of the variety of factors bearing on the development of the

O W. E Bijker, T. P. Hughes and T. J. Pinch, editors., The Social Construction of Technological Systems:
New Directions in the Sociology and History and Technology (Cambridge, Massachusetts: 1989) p.10
supplies the quotation.
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optical munitions industry.’' Although recognising the essentiality of considering both
non-technological and social factors, Hughes maintained it was not possible ‘to deal
separately with the technological and the social’ in considering the evolution of
technology.”* Unlike the SCOT approach, in Hughes’ view social interests should not be

seen as especially privileged. Furthermore, he argued that those involved in the
development of technological industries had to consider how their artefacts related to the

social, political, economic and scientific contexts that surrounded them, defining them as
‘system builders’ who perforce had to manage a plethora of variables in order
successfully to place their artefacts in ‘an enduring whole’.>> Hughes went on to explain
how these system builders evolved strategies to cope with problems that occurred in the

growth of their particular areas, providing a ‘model-within-a-model’ to understand their

development.

Of all the models considered, this approach promises to allow the most satisfactory
understanding of the range of social and technological forces that bore directly and
indirectly on this industry, Hughes’ model may indeed be interpreted as ‘a kind of soft
determinism’** but he maintained that his emphasis on what he termed technological
momentum permitted ‘a more flexible mode of interpretation’, a condition which will be
particularly useful here. In his view, the social constructivist approach was particularly
applicable to the understanding of ‘young’ technological systems, whereas determinism
was better adapted to the comprehension of ‘mature’ ones. In the case of the optical
munitions 1ndustry, whose history here goes from embryonic to mature, this model has

more to commend it than the others.

Any of the ‘determinist’, ‘constructivist’ and ‘systems’ approaches could therefore be
employed successfully in considering the optical munitions industry, although one

promises to be more successful than the others. But, because of the diversity of themes

*! Bijker et al. (1989) p. 4 supplies the quotation.

2 D. Mackenzie, ‘Missile Accuracy: a Case Study in the Social Processes of Technological Change’ in
Bijker et al., p. 196.

¥ 1. Law, ‘Technology and Heterogenous Engineering: The Case of Portuguese Expansion’ in Bijker et al
(1989) p. 112.

** David Hounshell, ‘Hughesian History of Technology and Chandlerian Business History: Parallels,

Departures and Critics’ in History and Technology, 1995, Vol. 12, p. 215.
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that occur through the phases of its development, it seems appropriate to consider
whether any single theory or model can in fact be applicable throughout. No matter how
attractive may be the idea of a single one to bind together the story, the changing nature
of the emphases revealed throughout the account (as in the Great War period mentioned
above) suggests the need to consider the appropriateness of employing, or at least
referring to, more than one type of theoretical underpinning. Although proponents of
determinism and constructivism may argue that those approaches are frequently mutually
exclusive, as the story unfolds it will suggest that at different stages in the industry’s
evolution one approach does better suit the case than another. Accordingly, even though
Hughes’ systems approach has much to commend it as the most suitable model which
will be chiefly used as an aid to understanding the changes that took place during the

period of this account, where necessary it will be supplemented by reference to the other

models mentioned above.

4 Strengths and weaknesses of resource bases.

The scarcity of published material on the industry means that this study relies on archival
sources for almost all its detail and also for much of its supporting background matter. So
far as the industry itself is concerned, it is frustrating that so few records have survived
for many of the individual companies, and in some cases almost nothing could be
located. Details for two of the Royal Navy’s largest suppliers of sighting instruments —
W. Ottway & Co. Ltd. and the Ross Optical Company Ltd. — are virtually non-existent,
apart from trade catalogues and advertisements. Little more than trade catalogues remain
for R. & J. Beck Ltd., which became a very large munitions producer during the Great
War. Happily, more details remain for other firms such as Adam Hilger & Co. Ltd, and
Thomas Cooke & Sons Ltd, both of which had significant roles in the production of
optical munitions. The Hilger material, although modest in quantity, provides details of
the firm’s size and its premises, and includes a memoir left by its Managing Director
relating to his work with the firm before 1925. Cooke’s records, although incomplete,
include the indexes to its design office drawings for the period up to 1914, and the

Directors’ Minute Book up to the business being wound up in 1923,



12

Most importantly, a very large amount of material has been preserved by Barr & Stroud
Ltd. which not only became by far the largest British optical munitions producer, but also
made the single most important type of instrument, the rangefinder. The collection
includes material relating to the firm’s foundation, and its earliest correspondence with
the War Office and Admiralty, as well as letters and memoranda passing between the
firm’s principals during its early years. The material increases substantially for the

company’s later years, and after 1900 there is an almost complete set of financial records,

orders and contracts, as well as a wealth of correspondence with British and foreign State
clients, foreign agents and domestic sub-contractors. It provides the ‘thick description’*’

that yields much detail not only about the company’s day to day activities, but also its

attitudes to its domestic and foreign customers.

Company sources alone however, no matter how detailed, would not permit a balanced

and reasoned assessment of the optical munitions industry’s progress. Even the Barr &
Stroud collection lacks the letters written to the business, only their replies having
survived. Fortunately a large body of Admiralty, War Office, and Ministry of Munitions
records provide both qualitative and quantitative information relating to the Services’ and
the State’s attitudes to both the industry and the instruments themselves. The naval and
military material provide much important and highly relevant context to allow
explanations of how the industry evolved, particularly in the period up to the Russo-
Japanese War. Other context, particularly relating to dealings with both the Royal Navy
and foreign navies, 1s to be found in published works dealing with the technological and
political background to the growth in armaments from 1905 to 1915. For the Great War,
when the industry was placed under previously unimagined pressures, the surviving
Ministry of Munitions records provide information that reveals a great deal more about
the industry than the printed account even hints at, and allow an explanation of why the
official history came to paint such a misleading picture of the pre-war optical industry as

a whole.

% Bijker et al. (1989) p. 5.
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S Chapter outline.
The opening chapter considers the underlying reasons that led to the War Office’s public

advertisement for a practical and effective distance measuring device in 1888, an event
that conveniently marks the start of systematic optical munitions manufacture in Britain.
In exploring how evolving late 19" century military technologies created a new demand
for specific optical aids to gunnery, it introduces the notion that social forces within the
Army itself had already begun to generate a specific understanding not only of what
forms those aids should take, but also what was the relevant social group to design them
and by what means they should be procured. It shows how those ideas became so firmly
entrenched that they acquired a significance that would influence attitudes towards both
instruments and industry until the upheaval of the Great War finally forced their
wholesale revision. This combination of deterministic and constructivist factors develops
to the start of the Boer War in 1899, when the emergence of a distinct specialised
manufacturing structure for optical munitions becomes clear. At the same time, the
growing importance of the Admiralty appeared, stressing the increasing significance of
the rangefinder. In considering the emergence of the monopoly of Barr & Stroud in
British rangefinder manufacture, the account shows how that firm was able to establish

itself so successfully and quickly, and suggests why other established companies in the

optical field failed to capture this business.

The period from the Boer War to the end of the Russo-Japanese war in 1906, dealt with

in the second chapter, marks an increasing use of optical devices on land and at sea,
together with a growing complexity in the story. These were the first occasions when

optical munitions were systematically used in battle and the chapter discusses the

influence that both conflicts had on the progress of their subsequent development and
incorporation into both British and foreign armies and navies. Questions of the
relationship between specialised British industry and the State and the capacity for
industrial mobilisation in time of war add layers to the account, emphasising the financial

and organisational problems involved in optical munitions production besides the

technical difficulties involved in the development of the instruments themselves. The
continued growth of Barr & Stroud and its simultaneously deepening relationships with
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both the Royal Navy and foreign powers opens up issues concerning conflicts of

commercial interest, involving secrecy, patent protection and monopoly of supply.

The succeeding chapter covers the stage from 1907 up the outbreak of the Great War,
illustrating how optical munitions (and by extension their makers) became confirmed 1n
their importance, especially through their incorporation in the most important

contemporary strategic weapon system, the Dreadnought battleship. It emphasises how

one firm and one instrument came to dominate the whole question of optical munitions
production, and shows how far political and economic considerations rather than
advancing technology were coming to affect the whole question of market potential.
Scrutiny of the relationship between the British armed forces and the optical munitions
suppliers emphasises the weakening of a case for a straightforwardly deterministic
explanation of the industry’s evolution and suggests that the growing complexity of
relations between the key maker and the British government was influenced as much by
technological as by social factors, emphasising the relevance of Hughes’ systems

approach in the interpretation of events.

Because the Great War of 1914-1918 was by far the most important episode in which the
industry was involved during the period of this study, three chapters are devoted to it. A
number of new 1ssues are introduced there, some of which seemingly shift the emphasis
back to the appropnateness of a more determinist explanation for the industry’s
evolution, whilst others similarly appear to emphasise the validity of social explanations,
reinforcing the better applicability of an analytical model that embraces both fields. The
first war-time section analyses and assesses the performance of optical munitions making
up to the summer of 1915 and suggests that, contrary to some previous accounts, the
failures in delivery stemmed principally from the War Office’s own organisational
inadequacies rather than shortcomings in the structure of optical manufacturing,
Nevertheless, the analysis identifies weaknesses in the trade, relates them to
contemporary perceptions of the whole optical industry, and then explains how they

influenced the State’s subsequent efforts to mobilise and transform it.
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The second chapter on the Great War period examines how the creation of the Ministry
of Munitions resulted in what amounted to the conscription of the civil optical
instruments trade into what became a hugely expanded but temporary ‘hostilities only’
optical munitions military-industrial complex, and explains the agenda that was pursued
by some Ministry officials in an effort to rejuvenate optical manufacturing capability and
produce an efficient instruments industry that would compete successfully in the
expected post-war market place. The account demonstrates that the relatively restricted
success that was achieved was largely through the immediate pressure of technical issues
resulting from the pressures created by the war itself, which were sufficiently powerful to
negate the efforts of the social group attempting to further reorganisation. It also
considers the massive scale on which the war-time industry was expected to operate, and

the means by which the Ministry regulated and directed its daily activities.

The third of the sections devoted to the war uses case studies to examine the performance
of three distinctly different instances of optical munitions production, examining by what
means and with what degree of success each one operated. It is in this stage that Hughes’
model becomes particularly relevant to comprehending the complexity of the forces that
were actually driving the social groups involved, a disparate grouping of military,
technological, political and business ‘families’ responding both collectively and
individually to a frequently conflicting body of requirements.

The following chapter deals with the problems of industrial demobilisation immediately
following the end of the Great War, illustrating how the Ministry of Mumtions’
reformation plans for the optical industry were frustrated, this time by a range of factors
that were more socially constructed than technologically determined . It details the extent
of the problems facing both the ‘regular’ and the ‘conscript’ optical munitions industries,
emphasising how different the two branches were and illustrating the differing strategies
attempted in converting back to peace. The coverage of the industry once more becomes
focussed on just one company, reflecting the increased importance that Barr & Stroud
had acquired during the war and how the rapid and major cut-backs in both the Army and
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Navy paradoxically accentuated its commitment to optical munitions rather than

stimulating a determined effort to diversify into civil product lines.

The closing chapter describes how, by 1923, the development of optical munitions had
been checked not by a limitation of scholarship in military technology, but by political
will driven by fiscal prudence allied to military and naval uncertainties about the likely
nature of warfare in the light of maturing weapons technologies such as the aeroplane

and submarine. The account shows how these factors effectively led to the beginning of a
hibernation that lasted until the re-armament programmes of the late 1930s. At this point,
the momentum of military technology might be seen to exert what could be termed a
‘reverse hard deterministic’ effect on the industry, where the financial costs and political
implications of armaments programmes led the principal powers once again into ‘a
situation of inescapable necessity’, but this time with the opposite effect of the same
condition before 1914. Then, the condition had led to massive expenditures, but by 1923
it was pressing governments to scale back spending drastically. At the close of this story,
optical munitions production in Britain is shown to be reduced in scale to a level at
which its continuation by those involved represented almost a gesture of faith and
patriotism rather than sound business sense, a circumstance again best explained through

a fusion of deterministic and constructivist theories on the lines suggested by Thomas
Hughes.

5 Summary
This study continually shifts focus to bring into clear view the internal and external

factors that governed the industry’s evolution in response to unprecedented changes in
the scale and scope of military technologies. As with an optical system, the closer the
study gets to its subject, the harder it is to keep it all in focus, particularly where the
shape of what is under examination is often ill-defined. Inadequacies and gaps in the
source material used to build up an image of the industry mean that there are unavoidably
parts of the larger picture that cannot be seen clearly, despite the best efforts to interpret

and extrapolate meaning from established facts in order to re-construct events and

provide explanation. The total elimination of aberrations that distorted the images
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produced by the lenses of the optical instruments described in the following pages was
indeed impossible, and their designers were obliged to settle not for perfection but for
what was possible with the knowledge and materials available. This account is governed
by similar constraints, and if at times the picture is less than crystal clear then (like the

instruments themselves) it must rely on having enough clarity to show this particular

portion of the past essentially as i1t was.
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Chapter 1
The emergence of the industry, 1888 to 1899

1.1 Introduction

In 1888 there was no recognisable optical munitions industry in Britain, principally
because neither the Army nor the Royal Navy used specialised optical instruments on a
scale large enough to support any business in their manufacture. Although both
employed telescopes for observation and signalling, they were issued in small numbers
and were little different to those sold commercially. Telescopic gun sights were rarely
used and rudimentary rangefinders were found only in the Army." This situation began to
change after the late 1880s, not because of progress in optical science but because
developments in armaments technologies created problems in maximising the potential
of new weapons that were capable of solution only by the application of optical
technologies. As the range and accuracy of guns increased, it became essential to know
target distances in order to set elevations correctly, and to have some means to aim at
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