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Series preface
 

In the long history of the efforts made by science museums to 
promote the importance of their collections, the past decade has 
been among the most exciting. Whereas the competition from non­
object-based science centres became ever stronger, interest in using 
objects to communicate insight into the history of our technological 
and scientific heritage gained new strength. For millions of visitors, 
artefacts provide a uniquely attractive and direct link to the past. 

Museums also have a research mission. They are a vital force in the 
community of scholars, especially in the history of technology, and 
here, too, they have come to be better appreciated. Many outside their 
walls have come to share the belief that artefacts have played a role 
which is both inadequately understood and indispensable for a better 
understanding of historical and cultural change. 

Initially, perhaps, it was the insight into technical detail provided 
by close inspection of the real thing that was generally of greatest 
scholarly importance. More recently however, studies of experiments 
and technology have widened the view to the complex role of artefacts 
within their larger geographical, economic, social and political setting. 
Rather than being treated in isolation, technological objects and 
instruments are coming to be seen as material expressions of human 
culture that shape, mediate and reflect the interactions among science, 
technology and society. Latter-day onlookers are therefore helped to 
see not just machines, but also imaginative worlds of the past. 

Building on rapidly maturing scholarly interest, three of the world's 
great repositories of material heritage - the Deutsches Museum in 
Munich, the National Museum of American History in Washington 
and the Science Museum in London - are cooperating to support this 
series of publications. These volumes explore innovative approaches 
to the object-oriented historiography of science and technology. 
The series seeks to go beyond a strict technical description of artefacts 
on the one hand, and an overly broad social history on the other. 

Collections reflect local, regional and national traditions and express 
their cultures and history. This character confers certain constraints, 
but also advantages. Museums are sensitive to, and reflect, the specific 
local meanings of objects, but they have the asset, too, of curators 
whose detailed knowledge of the collections is couched within a wider 
historical perspective. 

Building on these dual strengths, the series is intended to initiate an 
international discussion which both emphasises local material cultures, 
and also draws upon recent research in the overall history of science 
and technology. The authors therefore include curators, but the series 
attracts into the discussion other scholars from a much wider orbit. 
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Series preface 

Many people have, of course, been concerned with the problems 
examined in this series; but all too often this has been in individual 
or institutional isolation. These volumes engage an international 
community that is large enough to develop research programmes and 
debates that will have enduring momentum and excitement. 

Situated at the interface between museum, university and 
independent research organisation, the series addresses professional 
historians of science and technology, curators, those in charge of 
the day-to-day administration of museums and those who, so often 
passionately, simply enjoy visiting. As museums do in general, the 
series aims to build a bridge between historical research and the use 
and application of historical knowledge in education and the public 
understanding of science and technology. 

Each volume focuses on a specific field of technology and science 
in its wider historical context. The first, and larger, part of each 
volume presents the honed products of presentation and debate at 
joint conferences. The second part consists of exhibit reviews, critical 
expeditions into the respective museum's landscape, bibliographical 
overviews on recent literature, and the like. 

The initial collaboration between the three national institutions was 
made possible by their then directors: Neil Cossons of the Science 
Museum, Spencer Crew of the Smithsonian Institution's National 
Museum of American History, and Wolf Peter Fehlhammer of the 
Deutsches Museum. 
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Helmuth Trischler 

Artefacts and systems in 
transport: an introduction 

Since the early 1990s, transport history has received increasing 
attention in the world of scholarship. Critical surveys of the recent 
literature demonstrate that studies in transport history improved in 
quantity as well as in quality.! This trend is manifested by changes 
in the leading periodical in the field, the Journal of Transport History. 
As an example, consider a recent special issue on 'gender and 
transport history' .2 

A number of national as well as transnational networks of historians 
from various fields have also emerged. 'Lessons from history' is 
the subtitle of one of these networks, which has brought together 
historians, economists, politicians and practitioners from more than 
20 countries - from Finland to Italy, from Portugal to Estonia, 
with a particular goal of identifying the historical development of 
'a European intermodal transport network'. 3 Others focus on the 
crucial role of the automobile in the modern consumer society with 
its high level of individual mobility. 4 The scholars involved in these 
networks, together with the European Commission, which is funding 
their research, share the conviction that detailed knowledge and 
rigorous analysis of concrete historical processes can significantly 
improve the understanding of current issues involved in the creation 
of transnational transport networks. Thus, historical knowledge can 
provide a useful source of orientation in an ever more complex society 
with an ever-expanding transport system. 

The notion of system is at the centre of this fundamental 
reorientation of transport history. Rather than concentrating on the 
development of individual modes of traffic, there is an effort to analyse 
the interrelations of technological, political, economical and cultural 
factors. Transport is understood as a system of interacting modes 
(road, rail, inland navigation, air traffic, bicycle, etc.). By including 
material components and human actors, these systems come close to 
the sociological actor-network theory, and it is not by chance that one 
of the creators and a prominent advocate of this theory, Bruno Latour, 
has tested it with a case study on transport.s 

Whereas Latour in his works constantly argues for a blurring 
of the differences between human and non-human actors, other 
scholars have identified transport history as a perfect test-bed for a 
separate approach currently popular in the social sciences: according 
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to their understanding, artefacts in transport systems represent 
the 'cyborgisation' of modern, if not postmodern, society.6 If we 
understand a cyborg as 'a cybernetic organism, a hybrid of machine 
and organism', it becomes obvious that the history of transport since 
the late nineteenth century is more than any other part of society 
dominated by these hybrids of man and machine. 7 In artefacts of 
transport, and most significantly in the automobile, the blurring of 
the boundaries between man and machine has become a ubiquitous 
phenomenon. The cyborgisation of modern society with the means of 
transport was already observed in the 1960s, when Lewis Mumford 
stated that the car 'appeared as a compensatory device for enlarging an 
ego which had been shrunken by our very success in mechanization'.8 

Academic historians, philosophers and sociologists of technology 
may reflect on the crucial importance of artefacts in modern transport 
systems. But museum people have to cope with problems resulting 
from the mere existence of these objects. More than in most other 
fields of technology, transportation artefacts dominate not only the 
space and imagery in an exhibition, but also the expectations and 
perceptions of its visitors. People tend to be overwhelmed by the 
attractiveness of a big steam locomotive, a shiny Mercedes-Benz 
Silberpfeil racing car, an elegant French Louis XVI stagecoach, a 
sunken Swedish warship of the eighteenth century or a Second World 
War jet fighter. Museum curators struggle with the physical dominance 
of these artefacts: the power of the artefact helps to attract interest, 
but at the same time endangers its integration into a larger system. 
One of the great challenges facing a curator is to use these objects in a 
way that demonstrates the systemic nature of transport. 

For historians and curators dealing with transport issues, artefacts 
are thus of crucial importance in at least two ways. Firstly, they 
represent visible nodes in the seamless and often immaterial networks 
that provide mobility for goods, information and people. These nodes 
materialise as means of transport. Artefacts such as cars or mountain 
bikes are highly charged with human emotions; they are manifold 
coded components of complex systems. For a better understanding of 
these hidden elements of physical artefacts, historians and curators of 
transport have to apply a multi-perspective approach in their research, 
embracing a variety of theories of historical change. The controversy 
over historical interpretation of the bridges built by the famous New 
York architect and regional planner Robert Moses in the 1920s 
underlines the importance of open-minded scholarship, which allows 
for constant reinterpretation. In a seminal article Langdon Winner saw 
Moses' low bridges, which enabled private cars but not buses to reach 
the attractive area of Jones Beach on Long Island, as the materialised 
expression of a deliberate policy to segregate the black lower classes 
from the white middle classes. More recently Steve Woolgar and Geoff 
Cooper have rewritten the creation of Moses' bridges as a history full 
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Introduction 

of contingencies, and Bernward Joerges has tried to offer a middle-way 
interpretation of Moses' artefacts, situated between political control 
and pure contingency.9 Whatever the 'right' interpretation might 
be, bridges are important nodes in transport systems - and beyond 
their character as aesthetical manifestations of engineering ingenuity 
they are highly valued symbols of humankind's will to bridge gaps in 
society. 

Artefacts, secondly, enable us to identify the material culture 
of mobility. The history of technology has undergone a change of 
paradigm. It is more and more shifting the focus from the production 
to the use of artefacts. As we have learned from recent studies, 
technology most often is not shaped at the 'consumption junction', 
the interface between producers and consumers.l° As a consequence, 
historical research more and more emphasises that technological 
artefacts are not primarily ready-made products, springing from the 
drawing boards of engineers and designers. They generally result from 
users' choices, and they are reproduced by the consumers themselves, 
as the history of transport most significantly shows. More than most 
other classes of artefacts, cars, bicycles and boats represent identities 
of individual persons. Furthermore, an individual not only chooses a 
vehicle to express an identity, but often makes changes in it to satisfy 
particular needs or ideas. Thus, artefacts of transport reflect modern 
consumer societies, and the careful examination of these artefacts 
sheds light on the emergence of modernity. 

The authors of this volume tackle the interrelations between 
artefacts and systems in transport from a variety of angles. Gijs Mom's 
essay is an intriguing case study on the evolution of the automobile. 
Even more, it is an important contribution to the theoretical debate 
on the process of technical change. Based on a careful rereading of the 
vast literature on technical evolution and change, the author favours an 
approach which looks at interactions between alternative technologies. 
In his case of the early automobile, the two main alternatives were the 
gasoline car and the electric car. The article shows that artefacts were 
the medium through which innovations and technical knowledge were 
transferred between these two competing subsystems of automotive 
transportation. But it was technical properties and applicational 
functions, rather than the artefacts or parts of the artefacts, by which 
technology was transferred. This form of interartefactual transfer 
of technologies can be observed in three crucial elements of the 
maturing automobile: the battery, the tyre and the transmission. In all 
three cases, the modern gasoline car, driven by a combustion engine, 
profited from successful technical solutions, which were taken from 
the electric car. Mom calls this distinct form of technology transfer the 
'Pluto effect', which was based on the seemingly anthropological wish 
of engineers to keep up with the latest state of the art in their field. 
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A different form of learning through carefully studying an artefact 
is demonstrated by Michael R Bailey and John P Glithero. Their case 
study in industrial archaeology has chosen one of the icons in the 
history of railway transport: Robert Stephenson's Rocket, which paved 
the way for a century and a half of steam locomotive development. 
By combining the examination of conventional archival material, 
i.e. written sources, with a complete dismantling of all parts of the 
locomotive, the authors try to reconstruct the biography of this 
individual artefact. As with the biography of a historic person, the 
two authors aim at finding out as many details about the life of their 
subject as possible. And as in conventional biography the 'life' of 
Rocket spans different phases: its youth, when it was designed and 
constructed; its period as an adult, when it was operated for inter-city 
traffic and later for linking several collieries in Cumberland; its old 
age, when it was displayed in exhibitions as a masterpiece of railway 
construction. But in contrast to a traditional biography, the body was 
not buried or burned; it has remained and serves as an important 
source for the biographer. By carefully examining and reporting all 
the modifications and improvements which Rocket experienced in its 
working life, the artefact sheds more light on the rapid development of 
locomotive engineering in the second third of the nineteenth century. 
The method of industrial archaeology thus provides an efficient tool to 
understand better technological change in one of the most important 
fields of industrialisation. It also enables the authors to come up with 
a qualified and convincing statement in museological controversy: 
how should an artefact be displayed? After discussing the advantages 
and disadvantages of all potential options for display, they propose a 
mixture of two forms: one side of the locomotive should be fitted with 
replica components enabling the visitor to follow its working life; the 
other side should be left in its present form representing the end-of­
service condition of Rocket. 

Automobiles are integral parts of the large technological system of 
road transport, and they are machines of individual owners or users. 
This dialectics of large systems and individual artefacts becomes most 
clearly visible in the driver's workplace and on the dashboard in the 
interior of a car. The driver's workplace serves as an interface between 
the systemic and the artefactual elements of automotive traffic. 
Similar to the keyboard of the personal computer, the workplace and 
dashboard allow the driver to communicate with the larger system. 
But unlike the keyboard of a PC, which is highly standardised and 
follows the model established by the typewriter,l1 car interiors show 
large variations in time and space. In his essay, Kurt Moser follows the 
development of car interiors from the open car of the early twentieth 
century to the enclosed automobile of the late twentieth century. He 
interprets it as an ambivalent process. On the one hand, the interior 
was a highly artificial environment, a 'technotop' in its best sense. 

4 



Introduction 

On the other hand, drivers were keen to convert the interiors of their 
cars from technotops into living-room-like environments, which met 
their individual demands as users. The ambivalence helped to bridge 
the opening gap between the systemic restrictions of road transport 
and the individualistic self-perceptions of their users. Here, a careful 
examination of existing historical artefacts allows us to gain new 
insights into the emergence of the modern consumer society and its 
ambivalences - and the museum with its stores full of relevant first­
hand sources is the obvious place to undertake research. 

The history of Anglo-American relations in high technologies in 
the twentieth century is a mixture of conflict and cooperation. Peter 
Lyth's essay concentrates on the crucial two decades after the Second 
World War, when Britain lost its position as the international leader in 
aviation technology. The critical artefact in this shift of technological 
leadership was the de Havilland Comet, the world's first civil aircraft 
driven by a jet engine. The British decline in aviation technology 
culminated in the misfortune of the Comet as a commercial airliner. 
The last attempt of Britain as an 'air-minded nation'12 to challenge 
American technological dominance centres around the efforts to catch 
up in jet engine development, the most significant innovation in the 
history of long-distance transport. The turbojet airliner became the 
main artefact of a rapidly expanding large technological system, which 
revolutionised commercial air transport. It not only allowed airlines to 
grow by expanding their networks all over the world, it also helped to 
create international tourism, one of the fastest growing industries in 
the second half of the twentieth century. 

Like its transatlantic allies, Britain profited from the 'intellectual 
reparations' Germany had to pay at the end of the Second World War. 
Special intelligence forces shipped tons of paperwork from German 
research centres to Britain. Among other technical innovations, 
these materials contained the swept-wing design concept, which 
revolutionised aviation technology in the postwar period. Leading 
German aerodynamicists and aircraft specialists such as Karl Doetsch 
and Dietrich Kiichemann followed. The latter became a leading figure 
at the Royal Aircraft Establishment at Farnborough and a key member 
of the team that designed Concorde, Britain's most spectacular 
contribution to aviation technology since 1945. In his essay, Andrew 
Nahum stresses the importance of these German inputs for the British 
innovation system in the early postwar years. But, like Peter Lyth, he 
underlines the decline of British aviation industry in the long run. 
With orders from even British Airways, the national flag carrier, going 
to the United States, Britain's aircraft industry soon lost its leading 
position in the market. 

Transport museums themselves are the subject under research in 
the contribution by Colin Divali. Recent scholarship has identified the 
museum as a cornerstone for the formation of the knowledge society 
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in which we live today. Museums are archives of shared knowledge 
within and across nations; they represent the collective mind of 
societies. During the Enlightenment, more and more collections and 
museums emerged, mostly founded by European court society. After 
the French revolution, bourgeois society transformed the museum into 
a public institution. Not surprisingly, formats for transport museums 
emerged and expanded along the lines of industrialisation, when the 
mobility of goods and people became a key issue. Often, exhibitions ­
most prominently London's Great Exhibition of 1851 - stimulated the 
founding of these museums, which usually were devoted to one single 
mode of transport. It is important to note that the modern transport 
museum, combining artefacts and systems and telling stories about the 
social effects and implications of travel and transport, is a very young 
member of the worldwide family of museums. But its roots date far 
back into the nineteenth century. To trace these roots is not only an 
important exercise in the constant process of professional reassurance 
and self-reflexivity. It can also stimulate dialogue within the museum 
community and between museums and the public regarding how arte­
facts and systems of transport should be combined in future exhibits. 

Three major museums of transport communicate their approaches 
in this volume: the Deutsches Museum with its ambitious attempt 
to create an 'intermodal' branch museum on land transport; the 
National Museum of American History of the Smithsonian Institution 
in Washington DC with its new long-term exhibition on the history 
of transport; and the Swiss Transport Museum in Lucerne. 13 Not 
by chance, the museums in Munich and Washington are following 
the systemic approach, which has become a key issue in historical 
studies on transport. Furthermore, both aim at contextualising the 
artefacts by telling meaningful stories. Artefacts are used as a means to 
communicate the results of latest research in the history of transport, 
to which the two museums prominently contribute with the work 
of their curators and researchers. Evidently, the world of museums 
and the community of historical scholars are closely connected: as 
Bettina Gundler and Bill Withuhn show, academic scholarship and 
museums have the same understanding of the subject under research 
and display, and they share the arsenal of theories and methods to 
perform historical studies. The museum at the lake of Lucerne, which 
Henry Wydler portrays as a hybrid of museum and science centre, is 
somewhat different. Whereas the two other museums have suffered 
from budget cuts during the last few years, 14 the latter institution 
has been forced to balance a budget with almost no public funding. 
This heavy constraint has limited the space for manoeuvre in realising 
ambitious exhibitions and in performing extended research activities 
alike. The museum's management tries to follow a middle way by 
strengthening the ties to the academic landscape on the one hand, and 
by meeting the customers' interest in 'edutainment' on the other. 
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Michael R Bailey and John P Glithero 

Learning through industrial 
archaeology: the Rocket 
locomotive project 

Introduction 
In the quest for greater understanding of the history of engineering 
and technology, the artefacts in the world's museums of science, tech­
nology and industry provide a most important resource. A thorough 
survey of these artefacts, together with historical and technical 
research surrounding their history, can advance our knowledge of the 
development of materials, manufacturing methods and maintenance 
practices. The importance of this resource is apparent because 
engineers and technologists often failed to record their approach 
to design and manufacturing methods, and their understanding of 
materials. Furthermore, the accumulated knowledge and skills of the 
tradesmen were rarely recorded, being transmitted from master to 
apprentice, each generation developing the skills of its forebears. 

Recent calls to pursue a greater understanding of artefacts, through 
survey, I have led to several research studies in the 1990s, some leading 
to conservation and restoration projects by the authors, summaries 
of which have recently been published. 2 The most comprehensive of 
these studies was carried out by the authors at the National Railway 
Museum in York during 1999, on George and Robert Stephenson's 
Rocket locomotive of 1829 (Colour plate 1). This preceded its return 
to the Science Museum in London for display in its new Making the 
Modern WOrld gallery. The study was supervised by Richard Gibbon, 
Head of Engineering at the National Railway Museum, and its 
findings were set down in a comprehensive and fully referenced report 
to the Museum, which has been published in full. 3 The manner in 
which the study was conducted, and its principal findings, form the 
present case study of learning through industrial archaeology. 4 

Background 
Although Rocket is one of the world's best-known locomotives, rightly 
perceived as being the progenitor of main-line railway motive power, its 
interpretation has been limited to its success at the 1829 Rainhill Trials, 
and to its being the first locomotive fitted with a multitubular boiler. 
Rocket's importance as an artefact is much wider, however, as it was: 
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• an important example of a prototype locomotive manufactured 
during the time of rapid design evolution and component 
development between 1828 and 1830 

• designed and manufactured during the period of transition between 
the millwright-based manufacturing practice of the early locomotive 
builders and the factory-based practice that developed from the late 
1820s 

• the first example of a machine able to convey people at a sustained 
speed in excess of that which was possible by animal power 

• the earliest surviving example of a locomotive which was maintained 
and modified by railway and contractor teams charged with keeping 
a fleet of main-line locomotives in service 

• employed as a test-bed for dynamic and thermodynamic 
experiments, at a time of high expectation that further traction 
improvements, beyond reciprocating engines, were possible. 

The research study sought to build on the work undertaken during 
the 1920s by the three respected locomotive historians, E A Forward, 
J G H Warren and C F Dendy Marshall. 5 Their work had formed the 
basis for the design of the replica built in 1929 for Henry Ford (on 
display in the Henry Ford Museum in Dearborn, Michigan), three 
later museum-displayed replicas of Rocket, and the fifth, operable, 
example, built in 1979 under the supervision of Michael G Satow, 
which is regularly steamed at the National Railway Museum.6 

Although several components were removed in the years 
immediately after its withdrawal from service, the remains of Rocket 
represent a physical 'chronicle' of engineering design and maintenance 
practices between 1829 and 1840. To develop a more comprehensive 
understanding of the technological context in which Rocket was built 
and later modified, its design and manufacturing features, and its 
operating and maintenance history, the study was carried out through 
the combination of three disciplines: 

• Industrial archaeology, being a comprehensive survey and 
systematic paper-and-photographic recording of the form, dimension 
and material of surviving components 

• Engineering, being the determination of the reasoning behind 
the locomotive's design and the manufacturing method of each 
component 

• History, being a comprehensive archival study to ascertain the 
events and decisions taken during the locomotive's career, and the 
context in which they occurred. 
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The survey was carried out in four phases, namely component 
removal, systematic recording, historical assessment and reassembly. 
From this survey, component and arrangement drawings were prepared 
using computer-aided design software. The drawings included all 
fittings and redundant holes and marks, as well as dimensions. 
The likely history of each component was sought using the drawings 
and the photographic record, in conjunction with the findings of the 
historical research. 

Historical context 
Rocket's importance as an artefact reaches far beyond its status as the 
well-known locomotive that won the Rainhill Trials, and the perception 
of it as the progenitor of the main-line railway locomotive. An under­
standing of Rocket's specific place in locomotive development and 
the origins of main-line railway operation provided a background 
against which the findings of the survey were assessed and a guide to 
consideration of the artefact's future display and interpretation. 

Rocket was manufactured by Robert Stephenson & Co. in Newcastle 
upon Tyne in 1829 during an intense period of locomotive development. 
This was necessary to advance its capabilities from those of the slow 
and relatively unreliable 'colliery' type used in the coalfields of the 
North East, to those of a machine capable of meeting the much greater 
speed, load-haul and reliability requirements of main-line operation. 
In the 33-month period between January 1828 and September 1830, 
locomotive technology advanced from the colliery type to the proto­
type Planet, the first class adopted for main-line operation. 

The stimulus to this development programme was the strong 
advocacy for the use of locomotives by George Stephenson (1781­
1848), Chief Engineer of the Liverpool & Manchester Railway. 7 

The building of the railway required Stephenson's almost full-time 
attention, however, and thus his son, Robert Stephenson (1803­
59), began a programme, at their Newcastle factory, to accelerate 
locomotive development towards the requisite main-line standards. 

Robert Stephenson's programme, conducted in consultation, 
through correspondence, with his father, was a systematic appraisal 
of component and material improvement, rather than the incremental 
and empirical approach hitherto taken. This significant change to the 
method of technological progress saw improvements to the boiler, 
steam pipe, transmission and suspension. Improved materials were 
particularly required to fulfil the increasing dynamic and thermo­
dynamic requirements of the developing locomotive. During the 
development programme, the Stephensons manufactured several 
experimental locomotives for customers in Britain, France and the 
United States, each of which incorporated innovations. 

Rocket was an important example of this programme, designed to 
meet the weight, performance and other specifications determined for 
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the Rainhill Trials. 8 As well as being the first locomotive to be fitted 
with a multitubular boiler and separate firebox, it also incorporated 
the most successful components already developed by the programme, 
namely the steel leaf spring and direct drive between piston and wheel 
crank using a crosshead, slide bars and connecting rod. 

The Planet class, the prototype of which was delivered to Liverpool 
shortly after the opening of the line, incorporated significant improve­
ments over the earlier locomotives, including Rocket, and became 
the first class of main-line locomotives used on several of the world's 
earliest main-line railways. The post-Rainhill improvements included: 

• improved steam generation, by the adoption of a greater number of 
tubes of smaller diameter providing a larger heating surface, and the 
provision of a smokebox, improved blast pipe and firebox integrated 
within the boiler barrel 

• increased thermal efficiency by the incorporation of a dome and 
internal steam pipe and the use of inside cylinders 

• improved dynamics through the provision of horizontal inside 
cylinders, a substantial outside frame and the use of a leading 
carrying axle 

• improved adhesion by the use of driving wheels at the rear of the 
locomotive, adjacent to the firebox. 

Rocket was retrospectively fitted with some of these improvements 
when opportunity arose, but, after 1833, it was no longer economic to 
make further modifications. Rocket and its sister locomotive Invicta9 

are thus important artefacts that reflect the design and material 
achievements from this era of rapid technological progress. 

Rocket is also important in representing one of the earliest 
achievements of mechanical design engineering. At the beginning of 
the development programme, Robert Stephenson recognised the need 
to introduce a design capability to provide a much-improved size and 
weight envelope within which components would be manufactured 
and fitted.!O Innovations were incorporated within this envelope, whilst 
meeting a stipulated weight limitation and using different materials 
according to component specifications. This contrasts with earlier 
locomotives that had been developed and assembled in accordance 
with the long-established machinery and engine-fitting practices of 
millwrights and engine-wrights, and of other tradesmen working to 
their overall schemes. For these locomotives, schematic preproduction 
drawings only were produced, and neither general arrangement nor 
component drawings were prepared.!! 

Further improvements on later locomotives, including Rocket, 
were made possible by improved components and arrangements 
incorporated into more detailed drawings. By the summer of 1830, the 
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Planet-class locomotives had significantly better power-to-weight ratio 
within the strict axle-load limitations. 

Operating speed on locomotive-hauled railways prior to the Rainhill 
Trials was typically 5 to 8 mph (8 to 13 kmth). Rocket incorporated 
significant dynamic improvements as well as the ability to generate 
more steam. It was 'made expressly for 12 miles an hour' when hauling 
a load of three times its own weight, and achieved this speed on its 
initial trial outing at Killingworth. 12 At the Rainhill Trials, Rocket 
exceeded the expectations for main-line locomotives when, with its 
assigned load, it achieved runs of between 14 and 24 mph (23 and 
39 kmth).13 At the conclusion of the trials it ran, without a load, at 
35 mph (56 kmth),14 thus trebling the previous maximum speed for 
a locomotive. For the first time, a speed had been achieved which 
exceeded that which could be achieved on horseback, which sent the 
symbolic message that the world was approaching an era in which it 
would no longer be dependent on horses for long-distance travel. 

Rocket was the first locomotive to be adopted for main-line 
railway service, and its preservation therefore provides an excellent 
opportunity, through survey, to understand early main-line maintenance 
and repair practices, particularly for the boiler and wheels. The higher 
main-line operating speeds, for which the locomotives proved capable, 
subjected them to dynamic forces well beyond previous experience. 
This was compounded by material unreliability and the inadequacy of 
some initial fitting practices. The intensity of service on the railway was 
also much greater than had been anticipated, limiting the maintenance 
time for locomotives. IS 

The problems of maintaining an adequate locomotive fleet led the 
railway from 1832 to develop a much higher capability for maintenance 
in its locomotive running sheds, with correspondingly less dependence 
on outside firms. As experience grew, the sheds were better equipped, 
becoming the progenitors of the latter-day large railway workshops. 
The Rocket survey identified replacements, modifications and repair 
work of the railway's early maintenance teams, providing wider 
evidence relating to their developing role. 

The majority of Rocket's time with the Liverpool & Manchester 
Railway was spent on works trains and other secondary duties. It was 
involved in four serious accidents, the first being the well-known 
fatality to the Liverpool Member of Parliament, William Huskisson. 
Damage was sustained in accidents at Chat Moss in October 1830, 
Olive Mount cutting in January 1831 and on the Wigan Branch 
Railway in November 1832. The necessity to return to Liverpool for 
repairs on each occasion provided the opportunity to modifY Rocket 
with the improved features. 

Rocket was demonstrably better than its competitors at the Rainhill 
Trials, and the Stephensons' development programme for the 
reciprocating locomotive went on to produce significant improvements 
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in both performance and efficiency with the Planet design. There was, 
however, an anticipation that 'further improvements' could be made, 
and for the more promising ideas locomotives were made available for 
testing purposes. 16 Following its withdrawal from regular services in 
1833, Rocket was employed as a test vehicle for at least two of these 
schemes, including an unsuccessful rotary engine experiment, proposed 
by Lord Dundonald. As an artefact, the locomotive therefore takes on 
a further significance in providing an opportunity, through survey, to 
obtain a better understanding of these alternative technologies. 

In 1836 Rocket was sold to the Earl of Carlisle, whose independent 
Naworth railway system linked his several collieries in Cumberland. 
It was retired from service by the colliery lessee, James Thompson, in 
about 1840, but was retained out of sentiment rather than scrapped. 
In 1862, Robert Stephenson & Co. prepared it for exhibition at the 
Patent Office Museum, latterly the Science Museum, at which site 
Rocket has been subsequently displayed. 

Three contemporary drawings of Rocket were consulted during the 
survey. The first, retained in the Science Museum, depicts Rocket as it 
looked when sold by the Liverpool & Manchester Railway in 1836, by 
whom it was prepared in recognition of its historical association with 
the line. The second, privately-owned, drawing became known about 
as the result of the project research work. Watermarked 1839, it depicts 
the locomotive as it looked when withdrawn from service, and is 
almost identical to another drawing, retained in the National Railway 
Museum, but which does not have a watermark (Colour plate 2). 

Survey methods and techniques 
Following a review of the benefits of dismantling, selected components 
were carefully removed, with minimum risk to the artefact. Only those 
components that were to be of benefit to the survey were selected for 
removal. Photographs were taken of each assembly before dismantling. 
Easing oil was applied prior to removal of nuts and bolts, and brass 
shims were used within the jaws of spanners to avoid marking their 
heads. Components were carefully cleaned, labelled and weighed prior 
to survey (Colour plate 3). 

A systematic programme of photographic recording and detailed 
examination was undertaken for each component, in order to ascertain: 

• its material 

• its dimensions 

• the method of manufacture, machining and fitting 

• the presence and dimensions of rivets, studs, bolts and nuts 

• the presence and dimensions of redundant holes 

• the presence and likely purpose of fitters' marks. 
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Figure 1 Rocket in its 

original form as derived 

from the survey evidence. 

(John P Glithero) 

Learning through industrial archaeology 

From this survey, drawings were prepared for each component, 
showing all fittings, redundant holes and marks, as well as 
dimensions, to aid assessment of component history. In conjunction 
with the research into the locomotive's career, the drawings and 
photographs provided an understanding of the likely history of each 
component, including an assessment of dynamic and thermodynamic 
characteristics. On completion of the report, all components were 
reassembled and restoration carried out to the limited surface areas 
that had been affected. 
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Remains of 
original cylinder 
mounting 
plates, left in Bridging pieces 
place 

Left side angle 
irons 5" wide 

Main survey findings 
The evidence from the survey now provides a clearer understanding 
of Rocket's as-built form and of the design processes with which it was 
made. From this evidence, Figure 1 is now believed to represent its 
original appearance. Its arrangement was developed from the earlier 
prototype locomotives, notably the Lancashire Witch, which operated 
on the Bolton & Leigh Railway. The chosen four-wheel option limited 
its weight to 4 1/2 tons. 

The original main frame of rolled iron bar survives (Figure 2). 
The driving wheels were made of wood, but were fitted to a 3 1/4-in.­
diameter axle, to minimise the weight. It is most likely that straps, to 
accommodate the crank bosses, had been fitted between the naves and 
the rims. Cast-iron horns, bronze bearings and steel springs were used, 
their original location being identified on the frames. 

The original boiler barrel and tube plates have survived, and 
provide evidence of several missing fittings. A weighted safety valve 
had been fitted to the top of the rear plate, while a second, 'lock­
up' safety valve was fitted into the door of the inspection hole in the 
leading plate. 

The novel firebox, made necessary by the multitubular boiler, was 
formed from two copper plates into a 'saddle'-shaped crown and sides. 
To provide a 3-in. stayed water space, the outer plate was made in an 

1831 cylinder 
mounting plates 

Right side angle 
irons 6" wide 

Figure 2 Example of a 

survey drawing: exploded 

view of structural 

components. 
(John P Glithero) 
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'ogee' form, while the inner plate remained flat. Although the saddle 
was removed during the 1840s, the evidence from the frame and back 
plate confirms that it was out of true both in plan and end views, other 
fittings being correspondingly asymmetrical. 

The surviving regulator valve originally drew steam directly from 
the upper boiler space, resulting in 'priming', which was accentuated 
by Rocket's speed and the gradients on the Liverpool & Manchester 
line. This necessitated a low water level in the boiler, confirmed by 
stopped-up sight-glass and gauge-cock fitting holes. The cylinders and 
driving motion were originally set at 38° to the horizontal, as confirmed 
by the surviving members of the original cylinder-mounting frames. 
The locomotive would thus have been unsteady in its first months of 
operation. It is most likely that slip-eccentric valve gear, fitted to the 
original driving axle, was similar to the surviving fittings on Invieta. 

The progress made in locomotive technology in the year after the 
Rainhill Trials was rapid and far-reaching, and Rocket was fitted with 
some of these improvements when the opportunity arose. One such 
innovation, first fitted to Invieta, was a steam 'riser' inside a boiler-top 
dome, and steam pipe directing dry steam to the regulator that largely 
prevented priming. In October 1830, following its derailment near 
Chat Moss, Rocket's inspection-hole door was replaced with a new 
fitting incorporating a dome, and a riser and steam pipe fitted inter­
nally. This allowed the water level to be raised by 3 in., as confirmed by 
a second set of sight-glass and gauge-cock fitting holes. The displaced 
second safety valve was refitted towards the rear of the boiler. The evi­
dence thus discounts the long-held perception that Rocket had been 
fitted with a dome when first constructed. The original firebox back 
plate was replaced by the surviving wrought-iron water-jacket back plate, 
fitted within the rear of the saddle, and providing evidence of its form. 

Rocket was then rostered for passenger duties, but in January 1831 
it was badly derailed in Olive Mount cutting, Liverpool, and further 
repairs and modifications were undertaken. To reduce the locomotive's 
instability, the cylinders and motion were relocated to a near­
horizontal position. The original cylinder-carrying frames were cut 
away, and large wrought-iron plates substituted (Figure 2). The plates, 
stiffened across the rear of the firebox back plate with transverse 
braces, made the routing of the valve gear more difficult. To overcome 
this, the cylinder and valve chests were exchanged side for side and 
inverted. 

The leading end of the frame was badly bent in the accident and 
appears to have been straightened by cold hammering resulting in the 
breaking of the left side member. The frame was strengthened at the 
leading end, to which was fixed an oak buffer beam and draw eye. 
New wooden driving wheels were made, fitted to a 4-in.-diameter 
axle, which appear to be the surviving wheel set (Colour plate 4). 
The wheels have cast-iron naves keyed to the axles with rectangular 
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steel keys. The wooden spokes and felloes are in line rather than the 
concave form of conventional road carriages. Wrought-iron rims were 
secured with bolts, and wrought-iron tyres shrunk onto the assembled 
wheels. The surviving slip-eccentric valve gear was probably fitted to 
the 4-in. axle at this time. 

In November 1832, Rocket was involved in a collision with a coal 
train near Wigan. The repairs appear to have included the remaking 
of the right-side driving wheel, the spokes and felloes of which show 
differences from those of the left-side wheel. The opportunity was 
taken to replace the boiler tubes, rebore the cylinders and provide 
new pistons, fitted with brass rings and steel springs. 

The October 1834 trial saw rotary engines fitted to Rocket's driving 
axle. It is assumed that steam for the engines was drawn through the 
front tube plate, with steam pipes routed to the driving axle. There is 
a blank flange on the upper part of the front tube plate covering what 
was probably a steam-pipe opening, and which may well be the only 
surviving evidence of the trial. 

Rocket was out of use for many months before being restored for 
sale by the Liverpool & Manchester Railway, and it would appear that 
the surviving smokebox was fitted at this time. The Naworth colliery 
workshops fitted supplementary buffers, beneath the main buffer 
beam, for use with the coal wagons. The leading end of the locomotive 
had, however, sustained a further collision, which left the main and 
supplementary frames buckled, and the buffer beam sloping (Colour 
plate 1). 

Several prominent components were removed after withdrawal, 
and, in 1862, Robert Stephenson & Co. prepared Rocket for display 
at the Patent Office Museum by erroneously replicating several of the 
missing components. It remained on display in this condition for thirty 
years, but in 1892 the carrying wheel set was replaced. With greater 
curatorial involvement with the artefact in the twentieth century, the 
replicated components were removed, as were the supplementary 
buffers and braces. The last modification to be undertaken, in 1935, 
was the fitting of the surviving replica chimney. 

Interpretation 
It is clear that visitors find difficulty in understanding Rocket's 
surviving components and the dynamic and thermodynamic principles 
that lay behind them. There is, firstly, a preconception arising from the 
visitor's expectation to see the locomotive in its 'as-built' condition, 
with livery being only a small part of this expectation. The position 
of the cylinders, the addition of the smokebox, and the lack of 
several prominent components all contribute to the interpretative 
problem. More importantly, one of the basic messages that visitors 
find difficult to understand, and which applies to many artefacts in 
technical museums, is that machinery has undergone modification 
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and improvements during its working life, arising from operating 
experience and advancement in technology and material knowledge. 
This difficulty will increase as the proportion of visitors with memories 
of working steam locomotives diminishes. 

From both the historical and interpretative standpoints, 
therefore, mechanical artefacts should be displayed in their end-of­
service condition, incorporating the evidence of the improvements 
made during their working life. They should be accompanied by 
interpretative material to enable the visitor to understand the 
technological progression during the life of the artefact and the 
reasons for the improvements. This is particularly true of Rocket, whose 
modifications form an important part of its history. In the absence of 
an interpretative strategy, however, the locomotive now has a derived 
rather than planned appearance, which neither relates to its end-of­
service configuration nor fulfils visitor requirements. 

This recent survey of the locomotive and the resulting increase 
in knowledge about it therefore provide the opportunity for an 
improved interpretation for the Museum visitor. The contemporary 
drawings have provided new evidence towards a more comprehensive 
understanding of Rocket's form at the end of its service. From them, 
it is now possible to consider a strategy for its future interpretation, 
by offering the opportunity to re-create those components that would 
enhance the visitor's understanding of the locomotive. 

The debate concerning an improved interpretation needs to take 
account of both the importance of the surviving components as 
historic artefacts for the discerning visitor to see and understand, and 
the need to develop the locomotive's display for the benefit of the 
majority of visitors. There are, thus, four basic options for its display, 
with several variations according to circumstance: 

I	 Continue to display the locomotive in its current form, without
 
alteration.
 

2 As I, but with the replacement of the erroneous replica chimney 
and trailing wheels with correct versions based on the contemporary 
drawings. 

3 Replicate some of the missing components to combine the 
advantages of showing both the remains and providing an improved 
interpretation. 

4 Replicate all of the missing components, based on the contemporary 
drawings, and fit them to the locomotive to restore it fully to its end­
of-service appearance. 

Option I would not take advantage of the greater knowledge about 
the locomotive that is now available, while option 2 would at least 
correct the errors made during the locomotive's time in the Science 
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Museum. The extent to which it would be desirable to replicate missing 
components is itself conditioned by interpretative opportunities and the 
need to meet the needs of the discerning visitor. 

It was therefore recommended that partial replication of the 
locomotive should be undertaken, based on both the contemporary 
drawings and the evidence obtained from the survey. The important 
principles of this strategy are: 

• It should be fully reversible, thus ensuring that further changes could 
be made, should additional evidence become available. 

• It should not in any way be damaging to the remains. 

• The replica components should be made, as far as possible, from the 
same materials as the original ones. 

• The components should be fitted to the remains using surviving 
holes and studs, with replicated bolts and nuts. 

• The components should be stamped with the Museum name and 
date to clarify their origin for future generations. 

• Full records of the changes should be kept. 

There are a number of variations to partial replication, but to 
stimulate the debate about its extent, it was proposed that, in addition 
to replacing the chimney and trailing wheel set, one side of the loco­
motive should be fitted with replica components, leaving the other side 
in its present form. This would provide the visitor with the opportunity 
to view the locomotive, from either side, both in its end-of-service and 
preserved conditions. 

With the assistance of textual, model and diagrammatic displays, 
Rocket's progression from its 1829 to its 1840 configurations, based 
on the findings of the survey, could thus be fully explained to future 
generations of Museum visitors. The extraordinary international 
interest that the locomotive has generated over the years has led to 
the production of several working and non-working full-scale replicas. 
These have all related to Rocket's 'as-built' form, and have been made 
out of the strong desire to interpret the technology of the locomotive 
at the Rainhill Trials. These have increased knowledge of the 
locomotive's original arrangement, component design and assembly, 
as well as its operating and maintenance characteristics, and have 
also served to accentuate the perception that the locomotive was the 
progenitor of main-line motive power. 

Conclusion 
Rocket's survival is remarkable both because of its public 'persona' as 
of one of the world's most historic industrial artefacts, and because 
it is an engineering 'time capsule'. Its components are a combination 
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of the changing design, material and manufacturing characteristics of 
locomotive technology at the dawn of main-line railways. The authors' 
published report developed the study's findings, with sections on the 
condition of each component and the evidence regarding service wear 
and maintenance procedures. Such detail has provided a special insight 
into the locomotive's manufacture and operating life. The findings are 
now available not only to scholars of early railway technology, but also 
to museums of science and industry around the world. The principles 
that have been applied to the Rocket project may equally be applied to 
other industrial artefacts. 

The knowledge gained from this project demonstrated the benefits 
of such a detailed survey, combined with intensive archival research. 
This has both enhanced understanding of the technology of the early 
main-line railway era and set aside some of the misperceptions of 
previous historical accounts. This greater understanding of the rapid 
development of the skills and knowledge of both engineers and artisans 
relates as much to material, manufacturing and component capabilities 
and limitations, as to the arrangement, assembly and maintenance of 
the whole machine. The evidence has further provided a better under­
standing of the decision-making processes towards the application of 
developing dynamic and thermodynamic knowledge. 

It is a characteristic of all machinery that modifications are made 
during its working life, taking advantage of technological advances 
and improved materials, manufacturing and maintenance techniques. 
The findings of artefactual research projects thus provide opportunities 
for improved interpretation of these techniques and their evolution. 
Such interpretation may include partial replication of missing 
components to enhance the understanding of the whole artefact 
for both museum students and general visitors. Textual, model and 
diagrammatic displays should complement such restoration through 
sequential presentations of the artefact's progression, with explanations 
for the improvements and their benefits. 

With artefacts being presented in their final form after a lifetime's 
work and incorporating all modifications, research projects may 
provide sufficient evidence to determine their original form. A bene­
ficial form of interpretation for much-altered artefacts, such as 
Rocket, is therefore full replication, especially working examples. 
Such replication projects can, of themselves, enhance knowledge of 
arrangement, assembly, operating and maintenance characteristics of 
long-disused machinery. The challenge for museums is therefore to 
develop the most appropriate artefactual displays that allow visitors to 
interpret their historic machinery and the technological advances that 
they represent. 
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The driver in the machine: 
changing interiors of the car 

This article is based on a curious observation, namely that automobile 
historians have paid much more attention to the exterior of the car than 
to the interior. The technology of the car as a whole and the design of 
the body shell have been extensively researched, 1 whereas the passenger 
compartment has received little attention. 2 This seems inappropriate, 
since the interior is as highly designed as the exterior, but has some 
more significant features and functions. Explaining the development of 
the interior helps us to understand the attraction of motor vehicles as 
part of the road transport system. Moreover, a history of the interior 
helps to explain the history of the antisystemic image of cars which was 
important for the diffusion of individual road vehicles. 

The automobile can be understood on the one hand as a part 
of the complex system of road transport, and on the other hand as 
an 'individual machine', which comprises several subsystems. The 
functions of the transport system and the images of their functions 
differ considerably, though. Driving a car in the traffic of today is to 
participate in a highly organised and regularised and therefore restricting 
system, whereas the ideas and desires of drivers mostly preserve an 
older image, derived from the European romantic movement, of 'lonely 
and free' driving. The interior of the car reflects clearly this discrepancy. 

My approach tries to aim at functional development, not so much 
at the style and design of the interior. The dashboard and the 'cockpit', 
being part of the passenger's compartment, can be interpreted as a 
'user surface' of a complex mobility machine. It is perhaps the most 
significant interface between man and a machine - certainly with a 
machine which is in the most widespread use and excites sentiments in 
a most extraordinary way. Unfortunately, the complete history of the 
interior and the 'sub-histories' of components and functional devices 
such as the gear sticks or the driver's seat have not been written yet. 
But I will attempt to outline briefly some significant changes in the 
interior of the car and in the relationship between driver, passenger 
and the 'speed machine'. I will concentrate my remarks on the 
German car culture, which in several respects is different from other 
European car cultures or from that in the United States. The German 
motoring culture caught on later and favoured different, generally 
smaller, types of cars.3 Motorcycles were more common until the 
1930s. Many developments pioneered by American manufacturers 
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and pumps for maintaining pressure on the fuel tank. Speedometers 
found their place on the running boards, whereas temperature gauges 
were placed directly on top of the radiator, far in front of the driver 
but close to the mechanical components they were monitoring. 
This evidently is 'MS-DOS' compared with the 'Windows' of later 
dashboards, where there is an additional level of 'user-friendly' but 
indirect instrumentation. 

Today there is a significant trend towards abolishing gauges 
altogether, or substituting them with warning lights. The trend towards 
digital monitoring which began in the late 1950s - for example in the 
Citroen DS - can be interpreted only as an interlude. It has been put 
forward by various designers that digital gauges cannot compete with 
analogue instruments where ergonomics are concerned. The latter 
seem to be much more readable at a glance, whereas the driver has 
to 'convert' digital information. Today, the typical analogue meters, 
which had to be interpreted by experience and knowledge, have been 
supplanted by warning lights. These operate with a zer%ne logic, i.e. 
they indicate 'normal status' or 'crisis'. Knowledge of how to interpret 
changes is no longer essential. If a crisis is shown - for example if the 
oil warning light shows - the driver is supposed to stop and bring 
in support systems. In several types of car built in the 1990s this 
was even taken one step further. The warning lights themselves were 
hidden in a darkened dashboard, showing only very briefly when the 
key was turned and the ignition switched on. Such hidden information 
on the status of the machine is brought to light only in an emergency, 
in the 'crisis' mode. Often the driver will only become aware of the 
existence of a warning system in such a situation. Because of the 
potential invisibility of malfunctions in modern cars, several new types 
of control and warning lights have been introduced in recent years, 
such as warning lights for the function of air bags or the lambda 
function for catalytic converters. 

In contrast to the trend towards fewer gauges, new types of 
information-giving devices that support driving itself have become 
more common. Examples include trip computers informing the driver 
about fuel consumption, average speed or the external temperature. 
This trend began with the clock on the dashboard. Widespread use 
of electronic devices took on a new significance with the introduction 
of satellite-based global positioning systems (GPS) providing cars 
with navigation systems. So far the 'battle of the systems' has not led 
to a standard for car-based navigation systems; nearly every large 
manufacturer uses its own version. In general, though, a small screen 
in the middle of the dashboard has become a common feature in 
more expensive cars, and communication technology is now firmly 
established as a driver's support system. Such technology will certainly 
acquire more importance in the future, helping to combat some of the 
serious problems of contemporary driving: systemic difficulties which 
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dominate the driving experience, such as congestion, can be detected, 
warnings issued and traffic rerouted. 

In addition to these new guidance networks, private communication 
devices or cellular phones compete with specific in-car accessories 
as car mountings and open microphones are becoming more and 
more common. These communication sets tend to complement the 
transport function. Increasingly they are used to compensate for 
problems encountered while driving, for example to communicate 
that the user is stuck in a traffic jam and will be late. Communication 
devices have therefore established themselves as an indispensable part 
and as a necessary element of today's road transport. The consequence 
for the interior of the car is that it tends to acquire an 'office' 
character, becoming a new type of mobile workplace. New forms 
of crossovers between the 'work' of driving and other types of work 
have been established: truck drivers watch TV on tiny LCD screens, 
company car drivers receive fax messages, and the use of cellular 
phones has become ubiquitous. 

All this began, of course, with car radios, which were introduced in 
the United States in 1926.9 In Europe they have been in use since the 
1930s, although here they met resistance because it was claimed that 
the necessary concentration of the driver would be at risk. This seems 
to be a general observation: the introduction of nearly every new 
feature which enhances the 'living-room' character of the car interior is 
opposed by persons trying to defend 'pure' driving. But the defenders 
could soon point at the new feature of 'traffic news', introduced in 
the United States in the 1950s, which broadcast information about 
traffic jams and other hazards to drivers, thus making the radio an 
element of improving road safety. This 'utilitarian' aspect of car radios 
has gradually been supplanted by their entertainment value, allowing 
drivers to create and enjoy their own artificial and private sound 
environment. Sound quality was greatly improved by the introduction 
of the FM band, and today's stereo in-car entertainment systems, 
integrating cassette and CD players with complex speaker set-ups, 
have become very elaborate. Yet another car-based subculture has been 
established. 

Back to the aspect of working a machine: there are significant relics 
of this task left in modern cars. Obviously, there are more traces of it 
in sports cars than in family cars, and more in European cars than in 
American cars. Gear shifting is probably the most significant relic of 
the activity of machine operation, requiring considerable skill when 
shifting with a non-synchronised gearbox. To avoid the driver being 
distracted, this had to be done 'automatically', without thinking. 
From very early times, driving education attempted to teach this by 
making learners avoid looking at the gear-shift lever and instead shift 
by hearing. But since the 1930s, technical means to facilitate this task 
(e.g. synchronisation) have been introduced, even in Europe. 
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This leads to the question of the agents of change for the trends 
described. The reasons for the introduction of enclosed bodies - the 
'most significant design invention', as Virginia Scharff termed it15 

- are 
complex. There are certainly technical reasons, caused by the tendency 
to use pressed steel and monocoque bodies in order to facilitate mass 
production. Abolishing the use of wood, which was one of the factors 
limiting production on fast-moving assembly lines, played a part as well. 

But more significant were the changing car culture and the 
changing demands of buyers and drivers. First regarded by con­
temporary engineers as typically being for women, closed bodies were 
soon bought by men too. There is a controversy about the gender issue 
of closed cars,16 It has been argued that men declared closed cars to 
be 'women's cars', but nevertheless enjoyed the comfort they provided, 
while still upholding the older 'sporty' and 'virile' image of open 
tourers. The result was clear: coupes, saloons and other closed-body 
styles soon took over the main share of the automobile market. But it 
has to be pointed out that open cars were and are coded in different 
ways in different car cultures. The US car culture was pioneering the 
trend, as it did in other features of car culture, but drivers in countries 
like Britain did favour open cars for a longer period. 

With the introduction of fully-enclosed bodywork, a discussion 
arose about the dangers and merits of this feature. Similar theories as 
in the case of aeroplanes were debated: open bodies were obviously 
regarded as more 'sportsman-like'. In addition, it was assumed that 
they prevented the driver from becoming tired, gave a better view of 
the road and were much more safe. This last feature was important, 
since closed bodies not only cut drivers off from the surrounding 
traffic but also presented a danger in the case of an accident of 
splintering. Moreover, they induced 'limousine illness', defined as slow 
poisoning by carbon monoxide owing to exhaust gases being drawn in. 
A German textbook for gentlemen drivers of 1922 sums up: 

It would be sad if our weatherproof open air drivers gradually degenerated into 

limousine people as one only has the true sporty enjoyment of car driving in an 

open automobile. But the car is not only a sports vehicle, it also serves serious 

practical needs.... An argument that can be brought forward against [the inner 

steerer] is that the driver is separated from the outside world in such a vehicle. 

But this has little meaning. If one drives a little slower with an inner steerer 

than in an open air car ... then, as I can conclude from my own experience, 

accidents will be as rare as with an open car. l ? 

The 1920s was the most significant period not only for the 
development of the closed-body car but also in terms of creating 
its social acceptance. There was no longer any need for specialised 
travel clothing, hoods or goggles for eye protection, which confirmed 
the transformation of the car from an item of sports equipment to a 
practical transport machine. By abolishing the need for specialised 
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travel clothing and headgear, which was regarded by many as 
cumbersome and even disfiguring (goggled drivers were a staple 
feature for caricaturists), cars could be integrated into everyday life. 
The rule was: the more domesticated and bourgeois the user, the more 

closed the car. 
But even the open car had its attractions as a self-contained travel 

capsule. Eugen Diesel describes the cluttered but comfortable interior 
of an open NAG (Neue Automobil Gesellschaft) during a journey to 
Italy in 1905: baskets, umbrellas, travel coats and food baskets filled 
the available space completely, making their car an untidy 'home from 
home'. 

Finally, the tendency of enclosing and creating a 'mobile living 
room' extended even to two- and three-wheelers. This might seem 
rather unlikely, but the popularity of sidecars, which in the interwar 
period in Germany could even be enclosed with folding hoods, is 
symptomatic. The success of the scooter after the Second World War 
was partially a result of its 'civilised', partially enclosed character. 

A significant trend: towards an artificial environment 
The introduction and increasing dominance of the fully enclosed body 
had several consequences. One was that elements of the car exterior 
ceased to form any part of the interior (Colour plate 5). On the 
majority of models the inner fairings of passenger doors are now 
completely concealed. Visual traces of the enamelled exterior panels of 
the car body, which were common until the late 1980s, are substituted 
today by plush interior fairings (Colour plate 6). Carpets are common 
even in the cheapest models. 

In addition, the bonnet and other exterior parts of the car are 
increasingly no longer visible from the interior. Sloping bonnets 
dictated by (symbolic) wind-tunnel design are often completely 
outside the driver's field of view. Drivers of contemporary cars are 
seldom able to see the corners of their vehicles, a fact often criticised 
by car sceptics. As a result, all drivers usually see from their own cars 
is the interior. In some cases they are unable to see a single square 
centimetre of the body shell, so cannot even see what the exterior 
colour of the vehicle is. Consequently, the 'surrounding machine' is 
played down for drivers and the interior becomes their visual world. 

The complete enclosure of the passenger compartment was only 
the first step in the process of separation from the surrounding 
environment. Gradually, the closed car body came to be 
complemented by safe and well-controlled heating devices. Until 
the 1930s such devices were mostly simple 'add-ons'; basic charcoal 
heaters or hot water bottles. Ways of using the waste warmth 
generated by the engine were later fitted as standard. These had to 
be incorporated into the design of the car, since the heat exchangers 
and the air ducts into the interior could hardly be added as an 
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afterthought. Later still, air conditioning and cooling systems became 
available. But the terminology remained uncertain at first: KJimaanlage 
(air conditioning) in a 1950s German car advertisement meant an 
'automatic' heating system where additional fresh air could be led in to 
be mixed with warm air, and air ducts were integrated. 

True compressor-operated cooling systems, which had been 
standard for decades in American cars, caught on rather late in 
Europe. Today, more than a third of new cars sold in Germany come 
factory equipped with an air-conditioning system. To take isolation 
from the surroundings a step further, many expensive cars are now 
equipped with a very fine mesh or even activated charcoal filter to 
effectively remove pollen and dust. The tendency towards seemingly 
total independence from the environment is obvious. 

Glare is also blocked out: tinted glass, originally intended as a 
means of reflecting sunlight to keep the interior cool, has acquired the 
additional function of making the compartment invisible to onlookers 
from the outside. Cheap add-on tinting foils were popular for a time, 
but suffered from blistering and splitting. Since the 1980s, many 
manufacturers have supplied factory-fitted tinted glass. Complete 
tinting of glass panels, as popular in American car culture as it is in 
India, is illegal in Germany and other ED countries. But the add-on 
detail of light tinting of side and rear glass proved to be very popular 
in Europe in the 1990s. 

Another step in the long trend of isolating the interior is 
soundproofing of the car. Insulating carpets, quality cloth covers, 
padded mats, padded bonnets and better sound-isolating glass 
panels all contributed to this. Double glazing, though, was a short­
lived feature, introduced in the heavy S-class Mercedes of 1992 but 
omitted again in more recent models. Better sound isolation, and the 
introduction of more and more elaborate sound systems, has led to the 
aural environment also becoming increasingly private. Better wiping, 
cleaning and demisting systems for the windscreen have contributed to 
the feeling of drivers and passengers that they are not connected to the 
road, inhabiting an artificial environment with many of the domestic 
features drivers are used to in their homes. (In fact, his home might be 
equipped in a much less elaborate way.) 

This becomes evident when inclement conditions prevail outside the 
vehicle. Modern motorists hardly seem to be affected by sleet, snow 
or fog. They inhabit private 'technoid cells', connected to the outside 
temperature only by an electronic thermometer. But this is evidently a 
false proposition: under these conditions the speeding private interior 
can fail spectacularly. To be cut off from 'natural' phenomena like ice 
on the road may prove fatal if the technology means they are noticed 
too late. 

Not only is this interior now dominated by artificial temperature 
and sounds, but even the driver's sensitivity is affected. Better seats, 
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suspension systems and roadholding contribute to a completely 
different feel: the driver is less influenced by centrifugal and other 
dynamic forces and by the feel of road surfaces. Every driver of today's 
cars experiencing a 'classic' car is immediately aware of this: earlier 
cars seldom have this 'engineered' stability. Physical forces are much 
more evident, as there are closer connections with the road conditions. 

However, one can find relics of the 'old paradigm' in some older 
car types still in use, such as the Citroen 2CV. In this car, with its 
anachronistic features, direct contact with the air outside is possible 
by opening a flap to allow in air directly under the windscreen. But, 
usually, modern cars also have fresh-air ducts in the dashboard. 
Folding and sliding roofs, often in addition to air conditioning, have 
become popular options. Ergonomics, a key word in interior design, 
is partly responsible for the introduction of electrical and automated 
elements. The ergonomic aim is to make drivers and passengers more 
comfortable in their speeding cells and to structure the machine 
according to the driver's needs. 

The consequence is a trend towards a total 'uncoupling' of drivers 
and passengers from the elements, the surrounding landscape, the 
driving environment, and from other drivers in their cars. Therefore 
drivers are isolated in their machines and separated from the systemic 
transport environment. The development and the special structure of 
the interior heighten the image of 'lonely and free' driving. I would 
not go as far as to label the interior of the car as a skull, as Finch did 
('In a sense, the shell of the automobile is a steel cranium, a protective 
enclosure.'),18 but the isolation of drivers in their speeding cells had 
consequences for their feelings of protection and autistic isolation, and 
their attitude towards the task of driving. 

Two conflicting functions of the interior: driver's workplace and 
living room 
Tension between the two functions of the interior, which had been 
latent even in the open car, broke out when enclosed cars became 
standard. Two different ideas of the role of the interior are reflected 
in its design and functional elements, which illustrate this conflict 
clearly up to present times. Passengers enjoy the living-room quality 
to its full extent. But even the driver himself performs his tasks in an 
environment that has acquired a living-room quality. 

In the 1920s and 1930s there were two firmly established car 
paradigms: the adventurous sports car, which was basically an open 
car that could be closed, and the functional sedan (or family car), 
which was closed but could be opened (Cabriolimousine in Germany). 
These two paradigms tended to merge in the 1960s and 1970s. Even 
in 'sporty' types of cars, the amenities of closed cars - such as heating 
or sound systems - were included, whereas the family sedan acquired 
a more sporty character, not only from increased power output but 
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also from redesigned interiors. Some crossover types set trends, for 
example the Ford Mustang. Consequently, when cars as driving 
machines and cars as intimate transport vehicles took on similar 
shapes and configurations, the functions of the driver's workplace as 
a machine panel and as a piece of domestic interior converged. It was 
now possible to control the speeding machine and to enjoy the interior 
simultaneously, making the driving experience a highlight of everyday 

life. 
A trend to include more and more features previously not found in 

the standard specifications confirms this. Most significant is the point 
where optional interior elements become standard, appearing in even 
the most basic models. Generally, the introduction of features in cars 
comes in a sequence: first, new features are sold by specialist shops, 
then they are made available by the manufacturers as optional extras, 
then these are incorporated in the 'upmarket' models, and finally 
they become standard equipment in basic models. This sequence can 
be exemplified with car heating. Until the 1930s there were several 
manufacturers of mobile heaters, employing different principles of 
generating heat. From the 1930s onwards, heat exchangers were 
available as expensive extras for more expensive cars. Only from the 
early 1960s did cheaper cars have heating systems that blew in heated 
or fresh air (this was called Klimaanlagen, air conditioning, in German 
car advertising, although it did not supply chilled air) as a standard 
feature. 

One can trace influences from contemporary interior design on car 
interiors. Fitted carpets became a common feature at roughly the same 
time in homes and cars. Colour schemes, too, have been developed 
in close relation to each other. Wood panel inlays were a fashion in 
British homes and cars of the 1960s, but were not very popular in 
Germany. The 1970s saw an upsurge of bold colours invading the 
car interior. Today designers aim for a unity of appearance of all car 
elements. This striving for a unified appearance and these attempts to 
integrate every element that characterises car design have probably not 
yet come to an end. 

Is this true in the opposite direction? Does contemporary interior 
car design influence interior decoration? It seems so. Car interiors 
are more avant-garde and could set trends. Drivers and passengers 
generally enjoy a 'better' - in the sense of better engineered, designed 
and coloured - environment in their cars than at home. Better 
materials and more convenient electrically operated features are 
present in their cars. If ergonomics or 'adaptability' of furniture is 
characteristic of modernism, as Sigfried Giedion argues,19 these 
features will probably move from cars into homes in the future. 

The split between the two functions presents a problem for 
interior designers aiming at a unity of appearance. Today the 
'machine' elements necessary for driving are functionally separated 
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but stylistically integrated. Since the 1950s, instruments have been 
concealed deep inside the dashboard. If they are boldly displayed, 
they are in harmony with the 'living-room' interior. A typical element 
that could cause functional or stylistic problems is the gear lever. 
To integrate it, this clearly technical component is given 'living-room 
design' by the same material being used for the knob as for the fairing 
or dashboard padding. A sack-like device conceals the lower end, 
which is the mechanical 'core' of this element, allowing it to move. 
In cars of the 1950s the gear lever often ended in a slotted frame, 
allowing a view of the gear-shifting mechanism. 

But this stylistic concealment of technical elements seems not to 
be the end of the development process. The car industry is preparing 
for the realities of an overloaded road transport system where the act 
of driving may be played down even further. Development is moving 
beyond the navigation aids that are now options for buyers of more 
expensive cars. Automatically guided systems which substitute the act 
of driving with various means of electronic control are now beyond the 
experimental stage.20 

Vehicles themselves are being adapted to the realities of car travel 
today: designers are increasingly regarding child passengers as 
important. They restructure the interior to meet the specific needs of 
children, integrating special seats, window shades, pouches, tables and 
lockers. The 'jam car' concept produced by Volkswagen specialises as 
a mobile family living room, complete with refrigerator and front seats 
that can be turned around to reunite the family circle. This vehicle 
significantly plays down its role as driving machine. Here the balance 
is shifted yet again towards the 'living-room' character. 

Safety and the interior21 

Emphasis on the 'living-room' function will probably continue to 
increase. The history of the introduction of seat belts makes an 
interesting case study of the conflicting roles of car interiors. Since 
the 1960s, seat belts have been broadly recognised as a major 
contribution to car safety. Their technology was transferred from civil 
aviation. Hugh de Haven, an academic safety researcher at Cornell 
University, introduced two-point seat belts in the United States in 
1955. The patent for the three-point belt common today was granted 
to Swedish engineer Nils Bohlin ofVolvo. 

But this safety feature was fiercely rejected by users at first. Early 
safety belts had a feature that made them uncomfortable to wear: 
they were fixed, which meant that a person using them was unable to 
move more than a few centimetres. Obviously this conflicted with the 
demands of 'sitting-room' comfort and explains the strict opposition 
to wearing safety belts at the outset. The long struggle to make them 
compulsory was helped by the introduction of 'automatic' seat belts, 
activated by inertial blocking of the mechanism, which allowed the 
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wearer much more movement. But still the very fact of being restricted 
produced - and to a certain extent still produces - opposition. 
The state's interference had to overcome the insistence of drivers on 
their 'living-room' comfort, even if their lives were at risk. 

The core of the safety discussion thus was the question of the 
function of the interior of the car. Persons opposing safety devices 
did not want to have the attractions of their mobile living room 
spoiled. They insisted on preserving the image of the car interior as a 
comfortable, seemingly indestructible and invulnerable shell. The very 
real risk involved in driving should not manifest itself as an object like 
the seat belt. The industry reacted to this attitude of their customers 
by attempting to develop other safety devices that did not restrict the 
enjoyment of the interior. Preferably, they would even be hidden out of 
sight until the point of crisis, i.e. the crash. 

This was one important incentive for the development of the air 
bag.22 This device was intended to be used on its own, without having 
to rely on seat belts, therefore providing 'invisible' protection which 
did not get in the way of a comfortable interior. It did not fulfil the 
hopes of its designers, since it works properly only in combination with 
safety belts and head rests. These continue to be the reminder that the 
moving living room is driven in a very dangerous and potentially lethal 
environment. 

Safety belts have now been accepted after being made compulsory 
for drivers and passengers. Since the automatic roll mechanism has 
made them more comfortable, there has been a tendency to adapt 
their appearance to their surroundings. Coloured seat belts, matching 
the colour scheme of the interior, are now quite common. More 
significant is the complete concealment of their mechanism. In today's 
passenger cars the roll mounted near the floor is completely invisible: 
the seat belt disappears into the interior fairings. This serves the 
purpose of integrating 'technical' elements and keeping the 'living­
room' interior visually intact. 

Another solution for making the car interior safer actually enhanced 
its 'living-room' quality: the trend of padding the dashboard and 
recessing switches and levers in order to 'defuse' hard edges and to 
soften their 'secondary impact' in case of a collision. Crash tests in 
the late 1950s had proved this measure to be very efficient. It was 
slowly introduced by Mercedes Benz and by US manufacturers as 
an optional extra. A decade later nearly all cars had padded upper 
and lower dashboard edges and soft knobs, thus transforming the 
somewhat harsh-looking metal dashboards into integrated parts of an 
interior dominated by fabrics, plastics, fairings and coverings. 'Naked' 
enamelled sheet metal later disappeared from the instrument panel, 
and finally from doors as well. 

At the other end of the spectrum, apparently moving away from 
the integrated 'living-room' image, sports cars seem to display more 
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of their 'technical' interior elements - from a prouder design of their 
gauges to 'racing' or 'rallye' gear-lever knobs and pedal surfaces. Even 
four-point or 'garter' belts, as used in racing, are found in sports cars. 
But even these cars, intended or sold as 'pure driving machines', such 
as the Porsche 911 SC with its reduced interior padding and fairing, 
kept a minimum of 'living-room' comforts. Moreover, 'rallye' details in 
contemporary cars are seldom only functional elements. Mostly they 
are symbolic add-ons, transforming still comfortable interiors only 
visually into 'sporty' cockpits. 

Even the tendency towards reintroduction of open roadsters and 
'rag-top' cars, which occupied a growing share of late-twentieth­
century car markets, is only superficially contrary to the growing 
intimacy of the car interior. Motivated by the opposition to and 
dissatisfaction with the described tendencies towards speeding living 
rooms, roadsters seem to offer the desired distinction quality by 
recreating the older image from the 1920s of pure driving machines. 
But even these open cars today share the amenities of enclosed bodies 
- for example two-layer tops, efficient heating and sound isolation ­
and they are driven more and more in enclosed mode. Therefore they 
could be labelled post-modern roadsters. The trend towards a closed, 
intimate and isolated interior is unbroken. The driving-machine image 
is not a substitution of the living-room image, but an addition with 
only a slight twist. 

This has consequences for the attitudes of drivers. They feel 
detached from the environment and from the surrounding traffic in 
their private interior. In consequence they feel less part of a system 
and more a 'lonely-and-free' individual in an isolated vehicle. This goes 
far beyond the observation that 'the driving experience became easier, 
and at the same time somewhat passive'.23 Recent developments in 
electronic devices aim at interfering with the autonomy of drivers 
from different directions: there is automatically activated braking 
when the distance to the vehicle in front decreases, or power-assisted 
emergency braking. These devices 'help' drivers to avoid a crash, but 
in fact take over central driving functions and make drivers more 
passive. Experiments with fully automated driving without active 
driver participation are much discussed now, but even below this level 
'the system' will be able to interfere, for example by limiting the top 
speed when entering towns. The required technologies already exist 
- introducing them is the question. The trend towards telematics 
- 'dialogised' guiding or automated driving devices - fits into the 
history of automation of automobility: first the burden of 'serving' 
the machine was taken from the driver, and now driving in the traffic 
system and navigating is on the verge of being replaced by electronics. 

It is remarkable that these modern electronic devices which alter 
the act of driving are quite unobtrusive in the interior. They hardly 
make their presence felt, but they influence the 'user surface' of the 

78 



Changing interiors of the car 

car indirectly. Even so, passive drivers can be made to enjoy their 
isolation. A case in point is the traffic jam. This increasingly common 
event - which could be described as the maximum intrusion of the 
systemic into the illusion of the private, the denying of the 'freedom 
of the road' by the dreaded system - does nothing to destroy the myth 
of 'lonely and free' driving. On the contrary: in the traffic jam drivers, 
relieved from their driving tasks, are able to enjoy the 'living-room' 
features of the vehicle's interior to its fullest extent. Comfortable 
interiors therefore tend to make the demands and systemic restrictions 
of modern traffic tolerable and even offer ample compensation. 

To conclude, this article has pointed out that the negation of 
the systemic aspect of road transport and the stress on isolated, 
individualistic driving have been strong factors in the success of the 
car.24 Of course the image of isolated driving and the consequent 
playing down of the system have complex causes. But the situation of 
modern drivers confined to their speeding living rooms has played its 
part in keeping alive this objectively obsolete image of antisystemic 
individual motor vehicles, even in the highly systemic mass transport 
systems of the late twentieth century. 

Summary 
The development of the interior of passenger cars has reflected 
changing attitudes towards the act of driving and shows different 
concepts of the interaction between driver and vehicle. Therefore, the 
history of the motor-vehicle interior, its ergonomics and decoration, 
is significant for the most important man-machine relation that has 
been established so far. Interpreting the passenger compartment as a 
crossover between 'cockpit' and fast yet intimate living room helps us 
to understand the attraction of motor vehicles. 
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Peter Lyth 

Reverse thrust: American 
aerospace dominance and the 
British challenge in jet engines, 
1941-58 

At the end of the Second World War the United States dominated 
civil aircraft production and was at least five years ahead of Britain, 
the only other nation at the time with the capacity to manufacture 
commercial airliners. The British were aware of their deficiency and 
were determined to catch up. Government policy aimed to foster a 
new generation of British civil aircraft in order to provide continued 
employment in the aircraft industry and save the state-owned airlines 
(BOAC, BEA and BSAA) from spending precious funds on US types. 
There was also a view, widely held in government and in the civil 
service, that Britain needed a major civil-aircraft industry in order 
to maintain the prestige and technological prowess befitting a great 
power. The problem was how to go about it. Should Britain simply 
copy the best airliners coming out of the United States, staying abreast 
with, but not getting ahead of, proven technology? Or should it 
attempt to leapfrog the Americans by exploiting its lead in jet engines? 
It chose the latter path and made the jet engine 'the basis for a bold 
but flawed challenge' to American postwar domination. I Thus turbo­
prop and pure jet engines were fitted to conventionally-designed 
aircraft such as the Vickers Viscount and the de Havilland Comet 1, 
the world's first jet-propelled passenger aircraft. Then, in 1954, the 
Comets began crashing and the risks of the leapfrog strategy became 
painfully clear. 

This paper considers the background to the Comet's development 
in the 1940s and the policies which led Britain to seek economic 
revival on the basis of the narrow technological advantage represented 
by leadership in jet engines. It also spotlights the Comet itself, both as 
a symbol of the new Elizabethan age of the 1950s and as a key artefact 
of Britain's much-vaunted jet engine programme. 

The European jet, 1935-45 
The jet engine, as one of the leading researchers in the field has 
pointed out, is a striking example of the commercialisation of military 
technology.2 Like a number of other innovations which changed the 
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lives of ordinary people in the twentieth century, it was born out of the 
Second World War. 3 However, it was in the 1930s that the principles 
of its operation were first studied and understood. Until that time no­
one conceived of an aircraft power plant as being anything other than 
a sophisticated internal combustion engine, a technology borrowed 
from automobile engineering. The two figures credited with first 
seeing the potential of jets are the Englishman Frank Whittle and the 
German Hans von Ohain. 4 Whittle's patent for a turbojet engine was 
registered in 1930, so there is some basis for seeing him as the father 
of the jet. However, because there was a six-year delay before \X'hittle's 
ideas gained acceptance, the Englishman was overtaken by Ohain, who 
had begun a fruitful collaboration with the Heinkel aircraft company 
and who ran a static test of his first engine in 1935. From this time 
onwards, the endeavours ofWhittle and Ohain proceeded neck-and­
neck, although they worked independently in Britain and Germany 
and were unaware of the other's progress. In 1937 Whittle ran the 
first test of his engine, theW1, but two years later Ohain's He-S8B 
engine powered the world's first jet-propelled flight in the Heinkel 
He-1 78 aircraft. Whi ttle had to wait until 1941 until his WI engine 
powered the first British jet aircraft, the Gloster E28/39 (Figure 1), by 
which stage another Heinkel, the He-280, was flying with two Ohain 
He-S8A jet engines. s By 1944 both the British and the Germans had 
jet-propelled fighters in operational use: the Gloster Meteor, with 
a developed version of the \X'hittle jet, known as the Rolls-Royce 
Derwent, and the Messerschmitt Me-262, with Junkers Jumo 004 jets. 

Figure 1 GloSler 

E28/39, lhe firsl British 

jet aircraft. (DeUlsches 

Museum) 
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By the end of the war the Germans had at least three separate full­
scale company-based jet engine programmes in progress, as American 
and British interrogators discovered to their astonishment in the 
summer of 1945. Ohain's original test engine, the He-S3B, had been 
built for simplicity with a centrifugal compressor like Whittle's, but 
Heinkel had then proceeded to more advanced designs like the 
He-S30 with axial-flow compressors. Meanwhile at Junkers, Germany's 
leading engine maker, Anselm, Franz had led the development of the 
Jumo 004, a simpler axial-flo~ turbojet, which went into ma~s 
production and powered the Me-262 fighter. A third programme at 
BMW produced the Bramo 003 engine, which featured a counter­
rotating compressor, different from both the Jumo 004 and the 
Heinkel He-S30. Ultimately it was this Heinkel design, incorporating 
both rotors and stators, which became the standard configuration for 
commercial jet engines.6 

On this evidence it is clear that the Germans were decisively 
ahead in the field by the spring of 1945. And this feat is all the 
more extraordinary when one considers that they lacked vital raw 
materials with which to make heat-resistant turbine blades, such as 
nickel, cobalt and manganese, and that their work was continually 
disrupted by the Allied bombing campaign.7 By contrast the British 
were proceeding on a narrower front, with Whittle's relatively primitive 
design remaining the main empirical reference point for British engine 
manufacturers. As in Germany, all the main manufacturers had begun 
jet programmes, but without the same conceptual range and variety as 
their opponents. De Havilland, for example, announced the successful 
trial of its Vampire jet fighter in 1945, powered by the company's own 
Goblin engine, which used a centrifugal compressor, like the Rolls­
Royce Derwent. Frank Whittle himself was to leave the industry, a 
somewhat disillusioned man, in 1948, while his company, Power 
Jets Ltd, was nationalised and reduced to the status of a research 
establishment. The business of mass-producing his creation shifted to 
the private engine firms, who by the end of the war were beginning 
to consider peace-time applications for the new technology. Rolls­
Royce, the leading company, decided that it would switch entirely 
from piston engines to turbine-driven power plants and had initiated 
its own research programme, advancing somewhat beyond the hitherto 
sacrosanct Whittle design as early as 1944 with the Nene engine.8 

There is not much doubt that had Germany not been defeated 
it would have led the world in jet engine development in both the 
military and civil sectors. As it was, the Allies not only enjoyed a 
windfall at the end of the war, with both German engines and German 
engineers falling into their hands, but they also had the satisfaction of 
seeing the race leader stopped dead in its tracks: German aero-engine 
production was halted and did not resume to any significant degree 
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before the 1960s. The British were now in front, but for how long? 
And where had the Americans been? 

The American aero-engine industry, 1930-45 
The American aircraft industry in the 1930s had been innovative 
and successful. Civil airframe builders like Douglas, Lockheed and 
Boeing had produced a new generation of transport aircraft with 
all-metal, stressed-skin construction and retractable undercarriages. 
These aircraft were powered by air-cooled, radial piston engines 
manufactured either by the Wright Aeronautical Company or its rival 
Pratt & Whimey. Neither company had any inkling of the work being 
carried out in Europe on the jet engine, or of its potential. Radial 
piston engines were the bedrock of their commercial success: they 
were strong and dependable, gave good economic performance to the 
new airlines springing up in America and were the principal source of 
the companies' profits. 9 

The fact that American engine manufacturers carried out no work 
on jet engines before the war is not surprising: British and German 
companies (with the notable exception of Heinkel) did not do so 
either. What is more striking is that there was no activity among the 
scientific communities in universities and government-sponsored 
research establishments. Why, for instance, did America produce 
no Ohain or Whittle? The answer may lie with the fact that those 
American research establishments that did work on aeronautical 
science tended to confine their activities to solving problems already 
encountered by the engine companies with existing technology. 10 

And as for the companies themselves, the high degree of competition 
between them meant that fundamental research was not carried out 
or was carried out by each company separately, entailing a great 
duplication of effort. I I 

While jets may have been ignored by the Americans in the 1930s, 
there was important work being done in the United States on turbines 
and turbine-driven power plants, for example by Eastman Jacobs at 
the National Advisory Committee on Aeronautics (NACA). More 
significantly, knowledge on turbines was acquired from work on piston 
engine superchargers. Superchargers had been around since the First 
World War and were especially applicable to aircraft engines because 
they substantially increased the intake of air at high altitudes. Their 
power was drawn from a turbine driven by the engine's exhaust gas 
and applied through gearing to the crankshaft. The technology of 
supercharger turbines progressed steadily during the interwar years in 
the United States and a whole range of new nickel alloys were created 
to build temperature-resistant fan blades: the same technology, with 
similar theoretical problems, which was required to build jet engine 
turbines on the other side of the Atlantic. Moreover, the technology 
was pushed forward not only by the aero-engine builders - Wright and 
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Pratt & Whitney - but also by companies that previously had been 
associated with large stationary turbines for power generation. It was 
Sanford Moss's work with General Electric (GE) which produced the 
Moss turbocharger, a device that turned the B-17 bomber from an 
aircraft approaching obsolescence at the time of Pearl Harbor into one 
of the most effective offensive weapons of the Second World War. 

Thus the intellectual climate in the United States at the beginning 
of the Second World War can be summarised as being scientifically 
conducive towards jet engine development, but commercially very much 
less so. The traditional engine makers were complacent, although they 
possessed crucial technical know-how from their work with super­
chargers, and official opinion was doubtful. In 1940, for example, the 
American Committee of the National Academy of Sciences stated in a 
report that: 'In its present state, and even considering the improve­
ments possible in adopting the higher temperatures proposed for the 
immediate future, the gas turbine could hardly be considered a feasible 
application to airplanes, mainly because of the difficulty in complying 
with the stringent weight requirements imposed by aeronautics.' 12 

Into this environment was introduced the catalyst of war, which, as 
so often happens with major technological breakthroughs, accelerated 
the pace of research and converted sceptical minds. In 1940 news 
ofWhittle's jet was brought to the United States by Sir Henry 
Tizard, the head of the British Air Ministry's Aeronautical Research 
Department. 13 Then in March 1941 General 'Hap' Arnold of the US 
Army Air Corps visited England and learnt of the Whittle engine's 
forthcoming test in the Gloster E28/39. Arnold was an immediate 
convert and saw the British engine as the seed corn for a whole 
new field in the American aeronautical industry. Within months a 
disassembled Whittle engine was crossing the Atlantic, under a veil of 
military secrecy, and heading not for Wright or Pratt & Whitney, but 
for GE. Arnold chose GE partly because of the work the company had 
done for the Air Force on the Moss turbocharger, partly because of its 
experience with new heat-resistant alloys like Timkin and Vitallium, 
and partly, it seems, because it was not Wright or Pratt & Whitney and 
therefore had more to gain from pioneering a new technology,14 

It is easy to see the British government's decision to hand the 
Americans the jet engine as an act of extraordinary and misguided 
generosity, and this is certainly the way some commentators have 
seen iLlS The explanation, of course, lies in the war. In the autumn 
of 1941, when the Whittle engine was sent to America, the news from 
the Soviet Union was not encouraging and the United States was 
still neutral. Britain remained vulnerable to Nazi invasion and many 
people still considered that such an invasion was likely. For the British, 
sharing the jet engine with its best potential ally made political as 
well as strategic sense against the background of the war and the hard 
bargaining which was going on over the Lend-Lease Agreement. 16 
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Having obtained the British engine, however, the Americans worked 
with customary speed. Indeed, the speed with which General Electric, 
Westinghouse and airframe makers like Bell and Lockheed converted 
Whittle's invention into prototype engines, and very soon thereafter 
into jet fighters, should have given the British a lesson, if they needed 
one, on competition with American industry. The US was able, by 
virtue of its size, resources and advanced production techniques, to 
adopt the inventions of others long after the initial research process 
had been completed and still deliver production models before the 
inventors did. 

By the end of 1942 the Bell Airacomet XP59 was flying with 
the GE 1-14 engine, a copy of the Whittle design, and in 1943 de 
Havilland's Whittle-type engine, the Goblin, was being reproduced by 
Westinghouse for installation in the Lockheed Shooting Star jet fighter. 

Britain's lead, 1945-S4 
The initial transfer of jet engine technology from Britain to America 
can be seen as a direct consequence of the Second World War. After 
1945, however, the transfer continued in the same direction against 
the backdrop of the Cold War. American research was catching up, 
and its progress received a major boost from the assistance of German 
scientists after the end of the war in Europe. But Britain still retained 
a clear lead in jet engines, one of the few remaining areas in high 
technology where she could make this claim. 

With the exception of Napier, all the British engine manufacturers 
had made a somewhat dramatic switch to turbine technology. Indeed, 
the amount of turbine activity in Britain in 1946 was remarkable: 
de Havilland was working on turbines, Bristol on heat exchangers, 
Armstrong-Siddeley on the design of their Sapphire jet engine, and 
Rolls-Royce on a whole range of engines including the Derwent, 
the Nene and the highly advanced AvonP British plans included 
turboprop as well as pure jet engines, but piston engines were 
definitely seen as obsolete. This is surprising, not only because the 
manufacturers still had successful piston engines in production - for 
example Rolls-Royce with its liquid-cooled, in-line units (Merlin, 
Griffon) and Bristol with its sleeve-valve radial engines (Centaurus) 
- but also because jet engines were by no means a fully-developed 
aircraft propulsion system and many important commercial as well as 
technical questions remained to be answered. 

Jet engines consist of compressors, combustion chambers and 
turbines, and nobody at this stage was entirely sure of the best way to 
design and build any of them. 18 The choice of compressor, for 
example, remained a major locus of contention. Should it be of the 
simpler centrifugal type adopted by Whittle, or should it be of the 
axial-flow design favoured in the later German engines? In Britain this 
debate divided the Whittle supporters from the followers of the 
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scientist A A Griffith. Griffith had done important work on axial-flow 
technology in the 1930s for the Royal Aircraft Establishment, but had 
preferred the turboprop solution to the pure jet engine and as a result 
had not garnered the laurels of fame as Whittle had.l 9 The axial-flow 
compressor, which offered a much higher thrust per frontal area, 
eventually prevailed, but in the late 1940s it was still uncertain which 
design would become the standard, particularly as the axial-flow 
compressor required far-reaching scientific skills at the foremost edge 
of thermodynamic theory.20 Other problems related to whether jet 
engines could be mass-produced and how the very high temperatures 
in the turbine were to be dealt with: by using the new heat-resistant 
alloys which the Americans had in abundant supply, or with the 
turbine blade cooling pioneered by the Germans?21 

Although mechanically far simpler than the reciprocating engine, 
the jet required a level of engineering sophistication beyond that 
which was found in the majority of British engine companies in the 
prewar era. So why did Rolls-Royce, Bristol, Armstrong-Siddeley 
and de Havilland throw themselves with such abandon into jet and 
turboprop manufacturing? An explanation lies in the greater degree 
of cooperation that had been built up between the British companies 
during the war, manifest in the Gas Turbine Collaboration Committee 
(GTCC). This committee, which was set up by the government in 
1941 and to which all the companies sent experts, met on a regular 
basis until well into the 1950s. It functioned with a high degree 
of openness, initially to make Whittle's findings available to all the 
British manufacturers, later as a general forum for the exchange of 
information on jet engine development. It represented a degree of 
collaboration between private companies which would have been quite 
impossible in the United States, with its strong antitrust tradition. 
Moreover, in addition to cooperation between the companies, 
the jet engine received a boost in Britain from active government 
involvement. We tend to think of Frank Whittle as an inventive genius 
from humble origins who fought single-handedly against a hostile 
scientific establishment to gain acceptance for his ideas.22 In fact he 
seems to have been a catalyst in a wider government-coordinated 
programme of technological research. As early as 1943, the premier 
British engine builder, Rolls-Royce, received a letter from Sir Stafford 
Cripps, Minister of Aircraft Production, in which he had written that 
'nothing, repeat, nothing is to stand in the way of the development of 
the jet engine'.23 The historian David Edgerton has written of Britain's 
technological culture at this time in terms of a contrast between 
the Americans, who 'were felt to be unimaginative and unsubtle', 
and the English, who 'had daring and unconventional boffins' .24 
Whether or not this is true, the government, in the shape of the Air 
Ministry and the Ministry of Supply, seized on their 'boffin' (Whittle) 
and his invention (the jet engine) to spearhead the advance of an 
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important industrial sector. And as the end of the war approached, 
British officials saw a new window of opportunity in American 
'backwardness', namely the early application of jet engines to civil 
aircraft. 

The Comet 
'There is no reason whatever', wrote a senior civil servant in a letter 
to Cripps in early 1946, 'why Britain should not design and produce 
civil aircraft as good as, if not better than America.'25 Whether or 
not this was realistic, there were many senior figures in the postwar 
Labour government who thought this was true, although the same 
cannot be said of Britain's newly nationalised international airlines. 
The United States led the world in transport aircraft at the end of the 
war with new four-engined types such as the Douglas DC-4 and the 
Lockheed Constellation. Could Britain catch up? A start had been 
made with the Brabazon Committee and its list of five new civil types 
which were to be developed for British airlines. From its beginnings in 
1943, this committee had stressed the need to capitalise on Britain's 
jet engine know-how in the construction of transport aircraft. Not 
all the Brabazon types succeeded, of course, and at least one was an 
unmitigated disaster (the Bristol Brabazon). But two path-breaking 
airliners did emerge from the programme in the early 1950s: the 
Vickers Viscount and the de Havilland Comet (Figure 2), and both 
were distinguished by their turbine-driven power plants. 

There is no question, however, that the early application of 
jet engines to commercial aircraft by the British was a risk and a 
gamble. At the end of the war there was concern on both sides of 
the Atlantic that jets, while fine for fighters and bombers, would 
prove too unreliable for commercial aircraft and have too high a fuel 
consumption for airline operation. Moreover, the airlines themselves 
could hardly imagine passengers flying at speeds of 500 mph and there 
were even doubts (reminiscent of the early railways in the nineteenth 
century!) that the human body could withstand it. The fact that jet 
engines and cabin pressurisation would actually make flying more 
comfortable at high speeds and altitudes seems to have been little 
understood. 

Of the five Brabazon types, the de Havilland Comet was by far 
the biggest gamble. The chronology of the Comet's history is well 
known. Conceived as a four-engined jet mail plane, it quickly evolved 
into a passenger aircraft and made its first flight in 1949. It entered 
service with the flag-carrier BOAC to great acclaim in 1952 and in 
1953 it enjoyed a year of enormous popularity with passengers and 
considerable commercial success. Then, eighteen months after their 
introduction, Comets began breaking up in midair, and in the summer 
of 1954 they had to be withdrawn. There followed a prolonged period 
during which a Comet was tested to destruction in a pressure tank 
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Figure 2 De Havilland 

Comet 1, the world's first 

jet airliner. (DeUlsches 

Museum) 

before the cause of the crashes was finally revealed as metal fatigue of 
the pressurised fuselage. Only in 1958 did the aircraft reappear, with a 
much smaller fanfare, as the Comet 4. 

Behind these bare facts is a more subtle picture which focuses 
on the idea of the Comet as a symbol of Britain's postwar industrial 
recovery. The aircraft itself was conventional in design, without the 
swept wings that were being adopted on military jets in the United 
States and even in the Soviet Union by this stage. 26 It was also quite 
small, carrying a maximum of 44 first-class passengers at a time when 
its main piston-engined rivals (the DC-6, the Super Constellation) 
could carry at least 70. It was very fast, of course, cruising at nearly 
500 mph at 35,000 feet. But despite its popularity in the year of 
Queen Elizabeth II's coronation, it was very much a prestige vehicle in 
terms of the air transport industry, indeed a throwback to the prewar 
era of elitist air travel. An instructive way of seeing the Comet is as a 
showcase for its jet engines, which were, initially at least, the Ghost 
jets manufactured by de Havilland's own engine company. The Ghost 
was a development of the wartime Goblin, built during the war by de 
Havilland to the Whittle formula with a centrifugal compressor. It was 
a good engine in itself, but it was not the best engine for the Comet, 
either in terms of thrust or fuel economy. The best engine, and the 
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engine which was planned for the Comet, was the Rolls-Royce Avon 
_ one of Britain's first two commercial jet engines with an axial-flow 
compressor (the other one was the Armstrong Siddeley Sapphire).27 
The Avon was more powerful and inherently superior to engines with 
centrifugal compressors such as the Derwent, Nene (Figure 3) and 
Ghost.28 Unfortunately, it also took almost seven years to develop 
and was simply not ready in time to power the first Comets in 1952. 
De Havilland therefore installed their own Ghost engines in the 
aircraft until the Avon was available. 

It has never been suggested that the de Havilland Ghost engines 
were in any way responsible for the Comet crashes, or that their 
replacement with Avons would have made any difference. The cause 
of the crashes was simply lack of knowledge on the part of the de 
Havilland airframe company of the dynamics of metal fatigue in 
pressurised aircraft cabins - an ignorance which it shared with every 
aircraft manufacturer in the world. The deeper lesson of the Comet 
story, however, is the penalty which is paid by pioneers and first 
users: in other words, being first is not always the most economical 
way of getting into business. While the Americans patiently built 
up experience with military types like the Boeing B-47 and B-52 
bombers before finally launching the Boeing 707 in 1958, the British 
adopted a policy of jets-at-all-cost and accepted an undistinguished 
airframe in the Comet to win 'the race' with the Americans. That the 
British government saw jet engine competition with the Americans 
in terms of 'a race' is apparent from government records. Indeed, 
the jet seems to have become as much an obsession for the British as 
the atom bomb had been for the Americans: it was seen as a key to 

the maintenance of Britain's economic and strategic power, however 
narrow a technological basis it represented. It was argued that Britain 
needed to concentrate on manufacturing products which its economic 
rivals could not match in engineering sophistication and which yielded 
a high unit gain. Aircraft were such products and the only way aircraft 
could be sold in the face of the entrenched power of the American 
manufacturers was to put jet engines in them. The idea that Britain 
was engaged in a race with the Americans is evident in the tone 
and phrasing of an important statement of policy by the Minister of 
Supply, Duncan Sandys, in 1952 (the year of the Comet's launch): 

During the next few years the UK has an opportunity, which may not 

recur, of developing aircraft manufacture as one of our major export 
industries. On whether we grasp this opportunity and so establish firmly 
an industry of the utmost strategic and economic importance, our future 
as a great nation may depend. [...J If our aircraft industry is not sustained 

by export orders, it will not be able, qualitatively, to meet all our own 

needs, and we shall have to resign ourselves indefinitely to dependence on 

America. 
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Figure 3 Rolls-Royce 

Nene engine, 1955. 

(Deursches Museum) 

Sandys reckoned that Britain's competitive position was strong 
because British costs were lower than American costs and aircraft did 
not lend themselves 'to the mass production technique in which the 
Americans excel, to the same extent as other products such as motor 
cars. [... ] In this particular industry (aircraft and aircraft engines) 
we are less exposed to the competition to which we are so vulnerable 
elsewhere.'29 

Even assuming that Sandys' analysis was correct, which is doubtful 
given that aircraft production eventually proved itself to be as 
amenable to 'mass production' as any other technologically advanced 
product, the idea of the 'race' was misplaced in dealing with the 
Americans. This is partly because the Americans themselves did not 
conceive of civil aircraft production in such terms, but more 
importantly because such a contest could not be won, at least in the 
long term, against a nation with far greater human and material 
resources. The best indication of this is in the field of testing. The key 
to the whole lengthy and complicated process of aero-engine 
development - indeed aerodynamic progress generally - is the wind 
tunnel. This piece of equipment is vital in testing the limits in 
performance of new engines and aircraft shapes, yet Britain was 

91 



Peter Lyth 

desperately short of them. A senior British scientific advisor to 
government wrote in 1953: 

The USA now have 5 times as much equipment for the collection of 
basic information and 3 times as much for the testing of complete aircraft 
models as we have in the UK. We lost the initiative in aerodynamics 
soon after the 1939-45 war. At least one high Mach-number tunnel of 
reasonable size will be required even when the present building programme 

at National Gas Turbine Establishment has been completed.30 

The shortage of wind tunnels and altitude chambers for testing 
engines was symptomatic of the threadbare infrastructure involved 
in the British approach to jet aircraft and engine development. 
The British, to use Edgerton's formulation, relied on brilliant 
individuals - 'boffins' - to make up for the lack of scientific hardware 
that the Americans possessed in comparative abundance. They were 
short of resources, both money and raw materials, so they used their 
brains. Unfortunately this was no longer enough: making aircraft and 
engines was far more complicated and expensive in the 1950s than it 
had been in the 1930s. To ensure a decent return on the investment 
in research and development required to make a jet engine, an even 
larger investment had to be made in trials and permanent testing 
equipment. And this is where the more thorough approach of the 
Americans ('unimaginative and unsubtle' in Edgerton's phrase) 
paid its eventual dividend: they may have lost the 'race' to get the 
first passenger jet aircraft into the air in 1952, but they won the 
competition to dominate the jet age after 1958. 

The responsibility for what one might call the 'Comet syndrome' 
(but which refers equally to other British hi-tech projects which were 
attempted on a shoestring, for example the high-speed Advanced 
Passenger Train in the 1970s) lies with the government, the only 
institution that had the power and resources to provide the basic 
testing infrastructure needed by the British engine companies. 
In 1955 engineers from Rolls-Royce visited the American engine 
testing facilities at NACA in Cleveland, Ohio. They were shocked 
and delighted at the lavish extent of the installation in comparison 
with what they had to work with in Britain. As the aviation historian 
Virginia Dawson has put it, 'they lamented that their company had 
been "led up the garden path" by the Labour and Conservative 
governments, that had promised "to provide full-scale test facilities 
for the British gas turbine industry since 1945"'. The politicians had 
failed the scientists and 'although in 1955 the British made plans 
to build a large altitude test facility to test full-scale engines at the 
National Gas Turbine Establishment at Pyestock, with a second at 
Bedford, these facilities came too late to recoup the British lead'.31 
The race was lost. 
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Reverse thrust - the American response 
The Comet jet airliner is a perfect example of the characteristic 
British approach to high technology and a prime artefact of Britain 
in the 1950s. The crashes of 1954, however, shook the confidence of 
the whole industry. The fantasy-inducing enthusiasm of 1949, when 
it was expected that everyone would be flying in jet aircraft by 1954, 
was replaced by traumatised inaction, so that plans to produce other 
British jet airliners like the Vickers V-I 000 were shelved. The V-I 000 
was to have been based on the Vickers Valiant bomber, which was 
already flying with Avon engines. Had this project gone ahead it would 
have reflected American practice, which allowed for the protracted 
trial of new designs in military versions before they were adopted for 
passenger-carrying roles. The best example of this approach was the 
Boeing 707 airliner, which went through earlier incarnations as the 
Boeing B-47 and B-52 bombers, and the Boeing KC-135 jet tanker. 

After the Comet crashes, the American engine companies moved 
inexorably to the fore in jet engines. In the late 1940s the two senior 
companies, Wright and Pratt & Whitney, had pursued research and 
development into jet engines for military aircraft, while continuing 
with the still-profitable manufacture of radial piston engines for 
the civil market. Wright engines, which had begun with the famous 
575 hp Cyclone in 1931, were raised in power output to around 
3850 hp by 1955 - ironically by using the same turbine technology, 
known as 'compounding', which was used to build pure jet engines.32 

ButWright was to be the major casualty of the shift to jet engines: 
after collaborating with Armstrong-Siddeley to build the Sapphire 
engine under licence (the J-65 in US designation), it got into severe 
difficulties with its successor, the J-67, and was forced to abandon 
aero-engine production altogether. 33 Pratt & Whitney began its 
experience with jets by acquiring a licence to the Rolls-Royce Nene 
(the J-42) and followed this with a further Rolls-Royce design, the Tay, 
during the Korean war. The latter engine, known as the J-48, was the 
last and the most powerful American jet based on the original Whittle 
concept with a centrifugal compressor. In the early 1950s, Pratt & 
Whitney moved out of the shadow of the British manufacturers 
with its own axial-flow engine - the famous J-57 - incorporating an 
innovative twin-spool compressor.34 This engine enabled the company 
to shift production entirely to jet engines; the J-57 not only powered 
numerous American combat aircraft, but it also, in its civil version, 
powered the Boeing 707 and Douglas DC-8 airliners (Figure 4). 
Meanwhile, GE, which had begun its jet engine history by assembling 
the Whittle engine for General Arnold, had since developed its own 
expertise and in 1947 had brought out the 12-stage axial-flow J-47. 
This was immensely successful in military application, powering the 
F-86 Sabre jet and, more significantly for civil transport, the early 
swept-wing Boeing B-47 bombers.35 GE followed this in 1954 with 
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the J-79, an engine built in response to Pratt & Whitney's J-57, and 
incorporating for the first time the innovation of variable stators in its 
six-stage compressor. By the mid-1950s the two companies were on 
their own, innovating for themselves, and the only remaining American 
companies producing jet engines. 

It is interesting that while British civil airframe design did not keep 
pace with British aero-engine development, in the United States the 
situation was reversed, and more easily corrected. The Americans were 
cautious and undecided about civil jet aircraft when the Comet was 
launched, and because of this caution the world's airlines were not 
easily persuaded that jets could be operated on an economical basis, 
despite BOAC's single triumphant year with the Comet in 1953. This 
caution made it more difficult for de Havilland to achieve sales before 
the crashes, and seemed justified to the airlines afterwards. However, 
when Boeing and Douglas began building their own jet airliners in 
the mid-1950s, the airlines (including BOAC) rushed to order them 
straight from the drawing board. As the economic historian Nathan 
Rosenberg commented on Anglo-American jet airliner rivalry: 
'In retrospect it is apparent that the American delay was salutary 

Figure 4 Douglas De­

8 jet airliner in flight. 
(Deutsches Museum) 
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rather than costly to them, and that Boeing and Douglas chose 
the moment to proceed better than did de Havilland.' Because the 
Americans were slower, more powerful engines (like the Pratt & 
Whitney J-57) were available to them and they could build their 
aircraft bigger.36 Moreover, the Boeing 707 and the Douglas DC-8 
were both technically and from an operational viewpoint superior 
to the Comet, largely thanks to basic research done in wind-tunnel 
testing. In particular they embodied two features borrowed from 
American jet bombers, which were to prove paradigmatic in the long­
term history of jet airliner development, namely thin swept wings and 
podded engines. 

In the year after the Comet crashes, de Havilland comforted 
itself with the thought that it had been its pioneering role that had 
convinced a sceptical industry in America. 

The Americans were taken aback by the success of the Comet and the fact 

that it could be operated in exactly the same way as a conventional piston­

engined aircraft; they had nothing of comparable performance even on the 

drawing board and needed at least 6 years to bring a new turbine-engined 

aircraft into passenger service. 37 

On this last point, however, the firm was in error. The fact that a 
major British aircraft manufacturer could seriously underestimate 
the productive capacity of the American aircraft companies suggests 
that there was an element of self-delusion about Britain's entire civil 
aircraft effort in the 1950s. The Americans produced their jet airliners 
with remarkable speed once the decision had been taken to go ahead: 
a result of their much larger capacity, and in particular, their higher 
rates of manufacturing productivity, 

By way of a postscript to the story of the Comet it is worth 
considering the last jet engine which demonstrated a British lead over 
the Americans - the Rolls-Royce Conway. The Conway began life in 
the late 1940s at the same time as the Avon, but was a more radical 
departure from the prevailing design philosophy of the time because it 
was a bypass engine. Bypass jet engines use a front fan to duct colder, 
slower-moving air past the compressor and turbine, to the exhaust gas 
jet, thus increasing the mass of the jet and its thrust. Bypass engines 
have the advantage for airline operations of being both quieter and 
more economical with fuel. The more air that they divert past the hot 
compressor and turbine, i.e. the higher their bypass ratio, the more 
thrust and the greater potential economy that will be achieved. In fact 
the Conway had a low bypass ratio because it was intended, like the 
Avon, for a bomber (the Handley Page Victor) and British bombers 
at this time, like the Comet, had engines 'buried' in the wing roots 
- a design which did not allow for a wide front fan. Nonetheless, the 
principle of the Conway represented a significant breakthrough, on a 
par with the shift from centrifugal to axial-flow compressors. 
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The Conway's superiority over American civil engines was 
recognised by Boeing, who recommended the replacement of the 
launch engine on the Boeing 707 (the Pratt & Whitney Tf3C, the 
civil version of the }-57) with a bypass unit. Thus the large-scale 
use of bypass engines in commercial aviation began in the 1960s 
with the Conway's adoption for the Boeing 707 and Douglas 
DC8. The improvement in fuel consumption and the lower takeoff 
noise which it offered appealed to the airlines, although it did not 
significantly outperform the ff3C, and Pratt & Whitney were initially 
reluctant to follow Rolls-Royce and adopt the bypass system.38 

Eventually, however, the Americans caught up and overtook the 
British. The Conway stimulated US manufacturers to produce much 
larger engines with much higher bypass ratios, culminating in the Pratt 
& Whitney Tf9D, the GE CF6 and finally the British response to the 
American challenge, Rolls-Royce's own RB-211. As with the Whittle 
engine in the 1940s and the jet airliner in the 1950s, the Americans 
copied the idea of the bypass engine and improved on it. 

Aircraft and aero-engine design and development, as does any 
other field of advanced technological research, reveals strong national 
characteristics that can determine the manner and speed at which 
the work is done. There are different national cultural approaches at 
play here. In the United States there has been a distinct preference 
in aerospace for broad-based progress at a steady, but unspectacular 
tempo, drawing to the maximum extent possible on national resources 
at the research and development stage before moving into an efficient 
and commercially-orientated production phase. In Britain high­
technology enterprises like the Comet have tended to assume an 
iconographic value in terms of national culture; they have advanced at 
a more frenetic pace, on a narrower front, with less clearly identified 
commercial goals, and more than once have given the impression that 
winning the race to be first is more important than being the best 
competitor. 
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il believe the Americans have 
not yet taken them all!': the 
exploitation of German aeronautical 
science in postwar Britain 

Introduction 
The exploitation of Germany's scientific research and its scientists 
by the USA, and particularly the transfer ofWernher von Braun 
and the other rocket experts from the V2 programme, has received 
considerable attention, both at a scholarly and a popular level. 

There have also been broader studies of the well-known American 
programmes 'Overcast' and 'Paperclip', which brought many German 
scientists to the USA. Of these studies the most comprehensive 
and analytical must be that by the American historian John Gimbel 
which puts 'Paperclip' into the context of the whole intelligence­
gathering operation mounted in Germany at the end of the war 
and its translation into a kind of undeclared programme to extract 
'intellectual reparations'. 1 

By contrast, the substantial British efforts after the war to utilise 
German science and technology have received surprisingly little study, 
although Tom Bower has characterised UK efforts as amateurish and 
piecemeal.2 Similarly, Bill Gunston, a writer well regarded by the 
aircraft industry and the former Technical Editor of Flight magazine 
has asserted, quite misleadingly, that in postwar Britain designers 
struggled to create advanced aircraft without proper equipment 
because 'all the transonic windtunnels found in Germany were 
pinched by our allies'.3 

Even a 1996 work on technology transfer out of Germany after 
1945 largely neglects Britain. This neglect of the British efforts to 
exploit German science is a major gap in the study of the postwar 
period in Europe and the section here will focus, in particular, on 
the use made in Britain of German aerodynamics and aeronautical 
science.4 However, there is a movement to re-evaluate these events, of 
which this work is a part, and Matthew Uuley has recently discussed 
'Operation Surgeon' and has questioned why the achievements of 
German specialists who came to Britain are so much less celebrated 
than, for example, those in the USA.5 It will be argued here that 
this resulted from the specific character of the postwar organisation 
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of British defence research and industry and the culture of the 
government establishments to which the specialists largely went. 

The paper suggests that the British initiatives for the utilisation 
of German science were actually carefully targeted, ambitious and 
probably at the limit of what was practical in the immediate postwar 
environment. The effect of this influx of German technique should 
certainly be analysed in the context of British postwar aviation, since it 
appears to have had a significant influence on both defence research in 
the government establishments and on the aircraft projects that were 
undertaken. 

First impressions 
As the Allied forces entered Germany, a variety of intelligence­
gathering operations and missions were put in hand to investigate 
German technique and the apparent lead in many areas of weaponry. 
The initial British attitude to much of the German research that 
was uncovered was equivocal. The proliferation of surprising secret 
weapons and new kinds of aircraft had done little to slow the Allied 
advance and some of the projects, produced in response to the 
pressure for wonder weapons, would under normal conditions, 'have 
been considered technological charlatanism'. 6 

Sir Roy Fedden, leading one mission, contrasted this profusion of 
projects with 'the simple, but sound, British aeronautical programme 
[...] pursued with very little interruption throughout the war, but 
accompanied all the time by intelligent improvisation until there was 
really very little in the way of development to come'. 7 But if the policy 
directing the German effort seemed diffuse, the actual technique of 
production was of excellent quality in most centres, although not, in 
the opinion of the investigators, superior to British methods.8 

On 7 June 1945, a month after the German surrender, Air Marshal 
Sir Alec Coryton at the Ministry of Aircraft Production (MAP) 
invited members of the aircraft industry to survey a cross-section of 
the corresponding German industries under the leadership ofW S 
Farren, Director of the Royal Aircraft Establishment, Farnborough 
(RAE). The Farren Mission included eight industry designers and 
managers, the Director ofTechnical Development (DTD) at MAP 
and the economist A K Cairncross, representing the Director­
General of Programmes, Planning and Statistics at MAP. It left on 
9 July, returning just over two weeks later. The Mission observed 
that there had been no central direction of the industry in Germany 
and no operational research 'as we know it'. There was also no 
organised resident German air ministry representative at the firms 
equivalent to the British post of Resident Technical Officer. It also 
noted that 'the firms were forbidden to make contact with the Service 
[and] considered that the inability of the designers to obtain first­
hand knowledge of [...] performance of aircraft under operational 
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conditions was a serious hindrance. [...] This lack of direct contact 
with the Service may well have been one of the contributory causes of 
the violent changes in Air Staff requirements.' Thus the Farren Mission 
was able to take comfort from failures which Britain had avoided, and 
claimed that 'when U.K. personnel reached Germany after the war, 
the surveys supported a view that the MAP had been successful'. 9 

What certainly was different, in the German case, was the 
sophisticated level of the aeronautical research effort and the quality 
of the associated equipment in the firms, where - it was noted ­
corporate research and development departments were well organised 
and staffed with 'relatively young men of experience, energy, and 
enthusiasm'. Farren observed that although the German methods did 
not differ greatly from the British 'their resources were greater'.IO 

It also began to be appreciated increasingly by British investigators 
that jet aircraft like the Messerschmitt Me 262, which were 
entering service by the end of the war, would have proved a grave 
embarrassment if they had been made available only a little earlier 
and in sufficient numbers. II In addition there were other innovations 
such as rocket interceptor fighters, anti-aircraft rockets, the VI and V2 
missiles, and radio-controlled anti-shipping glider-bombs. Although, in 
most cases, these could scarcely be regarded as mature and practical 
weapons systems, they nevertheless pointed to a huge German lead in 
the technology of high-speed flight, propulsion, guidance and control, 
as well as the research facilities for the mechanical and aerodynamic 
analysis of aero structures in a new high-speed aerodynamic regime. 
As the British missions moved through the parts of Germany to 
which they had access, the scale and quality of the advanced research 
being done began to astonish them. 12 In a rider to his defence 
of the pragmatic British production programme, Sir Roy Fedden 
observed that the Allied victory had been won by 'obsolete types, 
from which every ounce of development had been wrung'. American 
commentators reached a similar conclusion, suggesting that the air war 
had been won with brawn, not brain: 'we choked them with the weight 
of our planes'. 13 

Perhaps this advanced work should not have been so surprising 
for, before the war, Germany had hosted many visits by British 
aeronautical engineers, including Roy Fedden (who went several 
times), Sir Harry Ricardo, the noted engine research engineer, and 
a delegation from Rolls-Royce which toured a range of companies 
and research establishments. These tours always impressed with 
the scale and quality of the facilities and, no doubt, were offered to 
persuade British opinion that to challenge Germany in the air would 
be fruitless. 14 Nevertheless, when revisited in 1945, the scale on 
which Germany's government defence research establishments had 
moved ahead was startling. The first challenge to British investigators 
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appeared to be the exploitation of the plant and physical resources 
found in the British area of control in Germany. 

The Hermann Goring Research Institute in Volkenrode 
A very wide-ranging list of intelligence targets had been developed in 
concert by British and US investigators prior to the invasion under the 
Combined Intelligence Objectives Subcommittee (CIOS) programme 
covering almost all industries and techniques. However, it is argued 
here that it was in the field of aviation, and aerodynamics in particular, 
that Britain targeted its efforts. 

Six important research facilities fell inside the British Zone of 
Occupation. They were: 

• Luftfahrtforschungsanstalt (LFA) Volkenrode 

• Aerodynamische Versuchsanstalt (AVA), Gottingen 

• Kaiser Wilhelm Institut fur Stromungsforschung, Gottingen 

• Dispersal wind tunnels from AVA, Reyershausen 

• Rocket Research Station and liquid oxygen plant, Trauen 

• Focke-Wulf structural testing laboratory, Detmold. 

Many of these facilities, such as the AVA at Gottingen (partly 
equivalent to the RAE at Farnborough), were well known before the 
war. However, the greatest surprise, as well as the greatest prize, was 
found in the LFA - the immense Deutsche Forschungsanstalt fur 
Luftfahrt atVolkenrode, near Braunschweig (Brunswick), which had 
been named after Air Marshal Hermann Goring just before the war. 1S 

The institute had been conceived on a vast scale by British standards 
and was equipped particularly to deal with the new problems of high­
speed flight. It was hidden in a forest and extraordinary care had been 
taken to conceal it from Allied photoreconnaissance flights. No large 
roads led there, the power lines had been buried underground, and the 
whole site was elaborately camouflaged. 16 

Ben Lockspeiser, as Director of Scientific Research in the MAP 
(DSR), went to appraise the site in May 1945 when the British army 
advised that there were 'some wind tunnels in a large forest' and was 
amazed to find 'the finest aeronautical establishment he had ever 
seen' .17 His report to the Minister for Aircraft Production revealed the 
contemporary excitement at the discovery. 

'It is concealed and dispersed in a large forest. [...] Its aero­
dynamic, supersonic and high speed equipment is far ahead of 
anything in this country, and as far as my knowledge goes, ahead of 
American equipment also. [...] in several directions the equipment 
is unsurpassed anywhere.'W S Farren, thinking clearly of his own 
facilities at Farnborough, observed independently that Volkenrode had 
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'a magnificence [...] that beggars the imagination of anyone who has 
seen similar institutions in the UK' .18 

Initially the site was under the control of Colonel Donald Putt of the 
US Army which had discovered it shortly before, but it fell inside the 
British Zone and was shortly to be handed over to the British Army. 
Putt, in fact, was the officer in charge of the American intelligence 
operation 'Lusty' ('Luftwaffe secret technology') and a major proponent 
of the American 'Paperclip' programme to bring German scientists to 
the USA.19 Lockspeiser considered that Britain ought, without delay, to 

put the site back into use or, in view of the possible political difficulties 
of allowing the installation to remain intact in Germany, transfer the 
most valuable equipment to the ambitious new research establishment 
- the National Aeronautical Establishment - which had been planned 
during the war and was already taking shape at Bedford. The scale 
and sophistication of the equipment made such an impression on 
Lockspeiser that he judged exploiting the Volkenrode facility meant that: 

we should bridge over the gap of some five to ten years which I see no 
means of doing by any other method. [...JThe equipment [...J is such that 
we cannot expect to be able to build its parallel within a number of years 
and the knowledge possessed by its scientists is such that it will fill in gaps 
which otherwise would take us similarly many years to fill in from our own 
resources and researches. It would, in our view, be difficult to exaggerate 

the importance to this country of exploiting these facilities to the full. 2o 

Lockspeiser's reports from Germany also reflected the difference in 
approach between the USA and Britain in acquiring this intellectual 
booty. The British model was that the material would be acquired 
by government agencies, such as that at Bedford, the RAE or other 
research establishments, and then be put at the disposal of firms for 
assistance with specific Ministry research contracts under security 
conditions. The American approach seemed looser and at odds with 
this British 'government rationing' attitude. Lockspeiser observed that 
'a large part of the scientific service provided by America for this kind 
of investigation is in the hands of industrial representatives who have 
been placed in uniform and there is no doubt a great temptation in the 
way of individuals to profit their employers'. 21 

Lockspeiser was correct about the attitude of the Americans, 
although it is not clear whether the American 'industrial 
representatives' regarded this as a temptation or simply a normal 
duty. In fact, he visited Volkenrode at the same time as the noted 
aerodynamicist Theodore von Karman, who had arrived from CalTech 
as part of the 'Lusty' operation. 22 George Schairer, the head of the 
Boeing aerodynamics department and a member of this group, wrote 
home from Volkenrode to his deputy at the Boeing company within 
a day of Lockspeiser's own note to the MAP, giving his colleagues 
important details of the German research into the use of swept-back 
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wings for high-speed flight. 23 This information was incorporated into 
Boeing engineering policy so quickly that the XB-47 bomber project, 
then under development, was delayed while this new aerodynamic 
theory could be incorporated. Boeing's readiness to incorporate this 
new thinking led, within a few years, to a generation of transport 
aircraft with a significant speed advantage over British (and other 
American) rivals. 24 

Lockspeiser also asked for a ruling to stop the records of scientific 
establishments being moved and for them to be microfilmed 'for the 
benefit of all'. In fact, some 1500 tons of documents, many of them 
from Volkenrode, were taken by US agencies. 25 Roy Fedden (Figure 1) 
told his biographer some years later that he had two loaded trucks 
with equipment collected for the new College of Aeronautics taken 
away from him by American forces at gunpoint. He also alleged that 
American investigators with whom he had examined wind-tunnel 
models of swept-wing aircraft at Volkenrode went back secretly by 
night and took them away.26 

The initial report from Volkenrode by Lockspeiser was among the 
first to air 'the problem of the German scientists'. He mused 'what is 
to be done with them? They are, in my opinion, primarily scientists 
with an almost pathetic eagerness to continue as scientists working 
for us or anybody else. If they are deprived of their equipment they 
would inevitably drift to other countries. [... ] I suggest that those who 
are really first class [...] should be brought over here to work under 
supervision.'27 

In July 1945 Sir Frank Tribe at the MAP proposed a scheme to 
dismantle and remove the plant and equipment to Britain, suggesting 
that 'this would eventually constitute once-for-all delivery to us on 
reparation account'. He also noted that the plan could have the 
incidental result of collecting together at Volkenrode a few of the 
best German aeronautical scientists and technicians, observing that 'I 
believe the Americans have not yet taken them all!'. The most suitable 
could then, he suggested, be transferred to the RAE or UK aircraft 
design firms, 'if and when Government policy here permits'.28 

This proposal had interesting links with earlier discussions in 
Britain as to how a resurgence of German air power might be 
prevented. Tribe observed that 

our feeling is that the UK government will eventually be driven to the 

conclusion that no effective plan for preventing the export of German 

scientists to foreign countries, or, in the long run, controlling their activities 

in Germany beyond a certain point, will be successfully evolved, and 

that therefore it would be desirable to have the best of those who might 
be particularly dangerous from the point of view of war potential (e.g. 
aeronautical scientists) under American or British control while at the same 

time gaining substantial advantage to our own war potentia1. 29 
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aero-engine designer (and 
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ofAircraft Produaion) 

is supervising the 
unloading of a jeep from 

the Mission's Dakota 

aircraft. (Science 

Museum archives) 

German aeronautical science in postwar Britain 

For a time the MAP considered an alternative strategy of operating 
and administrating the Volkenrode establishment on its existing site. 
R V Jones, Deputy Controller of Research and Development (DCRD) 
at the MAP, listed 17 aircraft projects of interest, including rocket­
powered and swept-wing types and suggested that the aircraft should 
be completed by their designers and staff 'to the point at which the 
Germans fly them and prove them to be airworthy' before taking them 
to England for further study.3o He also proposed that 'the maximum 
concentration of MAP will be in Volkenrode and we hope that we 
shall be able to consider that station as our MAP headquarters in 
Germany'.3! 

One school of thought held that allowing German scientists to 

continue working in advanced defence fields (whether in Germany 
under supervision or in the Allied nations) carried the penalty of 
enabling them to keep up to date with advanced technique. Set against 
this was the argument for a policy of 'denial' which held that the Allies 
should use the best scientists, both for their own benefit and to stop 
them gravitating to some other potentially hostile nation where they 
might still keep up their skills but with less chance of supervision. 

However, the idea of running a defence research establishment 
in Germany was ultimately rejected because it was considered both 
politically too sensitive to utilise the site and because this would also 
have had the effect of preserving an element of German war potential. 
The problems of managing work there must also have seemed 
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insuperable. The decision was taken, therefore, to remove the research 
papers and records to Britain and to dismantle the research plant and 
equipment for use in Britain. 

Operation 'Surgeon' 
The resources assembled to dismantle Volkenrode were impressive. At 
a meeting at the Air Ministry on 12 July 1945, Sir Charles Ellington, 
as Assistant Chief of Air Staff (ACAS) observed that under the 
government's policy for war reparations only six months were available 
'in which to satisfy our requirements from places of scientific value in 
Germany such as Volkenrode'. The task was to be a special operation 
and would be run largely by the RAF as the MAP did not have the 
administrative or command organisation to undertake the task. 32 

This operation, code-named 'Surgeon', was assigned a commanding 
officer from the British Air Forces of Occupation and senior MAP 
officials including Major George Bulman, DCRF, Director of 
Construction of Research Facilities, MAP, (formerly director of aero­
engine development), the aerodynamicist W J Duncan, scientific and 
technical officers from the MAP, a librarian and representatives from 
the aircraft and engine companies. 

The operation consisted of two phases. Firstly, detailed information 
was to be collected from German scientists in the form of monographs 
on their research work, followed by the removal to the UK of the 
equipment that would be of value. Initially, some 35 British scientists 
came out to Germany to recommission and supervise the cleaning-
up of the facility (it had become occupied by displaced persons 
and by troops), to run the wind tunnels and become familiar with 
the apparatus. This group also identified and located the former 
German scientific staff and brought suitable individuals back to write 
technical monographs summarising the wartime research in their 
various fields. For example, Johanna Weber of the AVA recalled that 
after the surrender 'we were [working] in the fields with the farmers' 
until the British investigators came to find them. By October 1946, 
180 scientists and technicians from Volkenrode and the Gottingen 
institutes had been located and employed to write these reports. From 
the Volkenrode staff alone some 250 monographs were commissioned, 
translated and reproduced by a press and printing department 
specially established there. 33 

The work was scheduled to begin on 5 January 1946 under the 
supervision of Major Bulman, who had been tasked with responsibility 
for building the National Aeronautical Establishment at Bedford by 
Stafford Cripps (as Minister for Aircraft Production). This underlines 
the complementarity between the 'Surgeon' operation and British 
plans for the construction of research facilities, with the MAP noting 
that 'the Treasury have given approval to the special arrangements 
necessary for removing this valuable equipment, and they will look 
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Figure 2 German 

heavy wind-mnnel 

motors from Operation 

'Surgeon'in storage 

at Thurleigh airfield 

near Bedford, awaiting 

possible use in the new 

Bedford aeronauIical 

establishment or 

elsewhere. (Science 

Museum archives) 

to the use of it to save some of the very large expenditure which is 
planned for Bedford' .34 

The intention to reuse the material was facilitated by the fact that 
the specialised dismantling team from the Ministry ofWorks largely 
consisted of the same individuals who were responsible for the erection 
of heavy capital plant for Bedford and other government research 
facilities such as the RAE, Farnborough and the National Physical 
Laboratory (NPL). 35 

The bulk of the structure of the large Volkenrode wind tunnels 
formed substantial civil engineering structures which were relatively 
'low tech' and not worth transporting. However, the 6000-hp Siemens 
electric motors and their control gear were precious and many were 
shipped to England with their associated mercury arc rectifiers and 
compressors and were used in the construction of the '8-foot' and 
the '3-foot' supersonic tunnels that were built at Bedford (Figure 2). 
However one complete smaller supersonic tunnel was disassembled 
and transported to be rebuilt for projectile studies at the Armament 
Research Department at Fort Halstead near Sevenoaks. Also 
invaluable in Britain was the advanced ancillary optical equipment 
used for flow visualisation in the tunnels. 36 

Much of the lighter and more delicate freight was flown back to 

Farnborough. A Douglas DC-3 and a Junkers Ju 52 aircraft were 
dedicated to this, with approximately two flights per week in each 
direction scheduledY In addition three or four Hudson aircraft 
brought a constant stream of personnel back and forth from England 
for study. These included both government and industry scientists, a 
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considerable number of RAF and service personnel and politicians 
such as ArthurWoodburn (Parliamentary Secretary for the MAP), who 
went to see the progress of Operation 'Surgeon' in January 1946.38 

Some idea of the scale of the operation can be gained from the 
provision of six road tractor units and low-loader trailers of 100-tons 
capacity which were used to take loads up to Hamburg for shipping. 
The total quantity of material identified for removal to the UK 
amounted to some 14,000 tons. 39 The curious emotions that must 
have existed in the German civilians at the time can be judged by the 
fact that the British team had the willing assistance of the Siemens 
company's chief export packer for the electrical equipment.4o This 
equipment was delivered to several hangars at Great Storton airfield 
which marked one end of the proposed 5-mile runway at Bedford and 
from there delivered to the various research establishments controlled 
by the Ministry of Supply.41 

Emigration from Bizonia - the employment of German scientists 
In July 1946 the decision was made by the British and American 
governments to fuse their respective zones of occupation in Germany 
into a single administrative area termed the 'Bizone'. (British officials, 
more playfully, tended to refer to the area as 'Bizonia'). This fusion 
implied, or perhaps made more overt, a direct competition between 
the Anglo-American allies and the Soviet Union for the scientific and 
economic spoils of Germany; there was substantial, and exclusive, 
Anglo-American cooperation.42 

However, there was inevitably rivalry between Britain and the USA, 
although this should not be overstated compared to that which existed 
in relation to the USSR and also France. Thus it is interesting to 
recall the claim by Bower, alluded to above, that British efforts were 
poorly focused and inconclusive, since the study by Lasby, written 
from American sources, shows that American officials considered 
British plans to be very effective.43 Colonel Putt wrote in November 
1946 that 'the Board ofTrade handles all scientists coming here and 
has little interference from anyone. Once it is decided they want a 
man he is brought over and put to work. [...] Whether he is lily-white 
[does] not worry them too much. If any man can be of assistance in 
realigning a segment of their economy which is out of adjustment, they 
try to get him.'44 

Putt had a strong personal commitment to the utilisation of 
German scientists for the United States and perhaps overemphasised 
British efforts. In fact, British policy, like that in America, was initially 
ambivalent over the employment of 'ex-enemy aliens'. There was less 
concern about the acceptability of this where pure defence research 
was involved and scientists could be brought to establishments like the 
RAE; but the question of using a wider range of personnel to assist 
industry at large in Britain was the subject of some debate. 
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However, Board ofTrade officials were generally keen to utilise 
German developments, as were British defence personnel actually 
serving in Germany. Similarly American military personnel in 
Germany were initially more enthusiastic than State Department 
officials at home. Indeed, it was the value put on German science 
by the military of both allies that led to mutual suspicion and 
competition between British and American officials actually on the 
ground in Germany, as glimpsed from Putt's remarks above. Both 

groups were excited by the new technologies they had found and both 
considered their own governments to be irresolute in forming plans 
to utilise German personnel. Both groups reported to their home 
administrations that the other ally was being less scrupulous than 
themselves about former Nazi affiliations among the candidates in 
order to request greater urgency.45 

In Britain the arguments for an expedient approach came quite 
quickly to dominate policy, while some moral doubt still was felt in 
American government circles over the question and it was said that 
German scientists often migrated back to the British zone after tiring 
of waiting for US employment.46 

Thus a cipher telegram from the Cabinet Offices to the British 
Embassy in Washington on 14 February 1946 observed that: 

750 Germans evacuated from the Russian zone and frozen in the American 

zone may be released to Russian zone if not designated. [...] We have 

deferred from submitting a list of Germans solely because American 

policy is not yet determined. It would therefore be manifestly inequitable 
if our scrupulous regard for the proprieties should prejudice our chance of 

exploiting the Germans now detained.47 

A further telegram advised the embassy that the British list 
would be ready for exchange by 1 February and that 'we consider 
it not unreasonable to request crystallisation of American policy'. 
It suggested that if this were not forthcoming in a month 'we shall 
consider ourselves free to go ahead on a unilateral basis'.48 

There was now growing pressure from many areas of government 
and particularly the Board ofTrade and the firms themselves to extend 
the exploitation of German technique beyond the purely military 
sphere. This was a contentious issue and conflicted with what has been 
called the 'rigidly moral approach' of the postwar Labour government 
and the feeling that private industry and individual firms should not 
profit from the wartime sacrifice of Allied lives by gaining special 
access to the German work. 

Thus Stafford Cripps (now President of the Board ofTrade in the 
postwar Labour government) is said, initially, to have suggested that 
employment for the Germans in non-military industries in the UK 
was only tolerable if they were 'sucked dry of their knowledge in a 
short time'. 49 However, Arthur Woodburn argued that 'there is no 
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possibility of getting these men to put all they have into our research 
if the arrangement is merely to suck them dry and throw them back 
into Germany'. 50 Therefore, it was proposed, scientists and technicians 
brought to the UK would normally work for trade associations or 
research establishments, since the work done there might be expected 
to augment the capability of a whole industrial sector, rather than 
enriching particular companies or groups of individuals. 

These concerns were addressed by a scheme for civil industry 
administered by a panel chaired by Sir Horace Darwin, Director 
of NPL. This was announced by Stafford Cripps in parliament in 
December 1945, when he declared that 'it is the Government's policy 
to secure from Germany a knowledge of scientific and technical 
developments that will be of benefit to this country'. He remarked, 
perhaps disingenuously, that 'although we were generally ahead there 
are certain fields in which the Germans held a temporary lead'. 
The panel was to examine the requirements of British industry and 
to scrutinise the credentials of those whose names were put forward. 
Another role of the Darwin panel was 'to see fair play between the 
firms'.51 

Alongside the announcement of the scheme, measures were devised 
to pre-empt objections from labour organisations. A brief drafted 
by the Board ofTrade for issue by the Ministry of Labour offered 
arguments for employers to deploy. It suggested that 'it is evident 
that there must be some industrial technique in which [...] Germany 
has surpassed us. It is intended to bring certain German scientists, 
specialists and technicians [...] into civil industry [...] in order to 
gain the most up-to-date knowledge and perhaps save ourselves many 
years of research. The Americans and the Russians are exploiting the 
Germans in the same way'. It also stressed that the inventions and 
discoveries would be available to industry as a whole and that 'they 
will have no authority over British workpeople'. 52 

An elaborate system was set up to prepare the ground in the 
firms and local areas, with the Board ofTrade acting as go-between 
for the employers and the Trades Union Council (TUC).53 In 
addition, Sir Walter Citrine, as General Secretary of the TUC, was 
extensively briefed by the Board ofTrade, which stated that 'Germans 
would normally work in Government Establishments and Research 
Associations'. Although 'exceptionally they might find their way into 
individual firms Germans are, however, under a contract with the 
British government'. It added that: 

the number of Germans who will serve in this country will not exceed one 

or two hundred [...] no known pro-Nazis will be admitted [... ] only those 

Germans who have a real contribution to the national interest [...] the 
results of their discoveries and inventions will be available to industry as a 

whole. 54 
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Inevitably there was some negative publicity and officials noted 
that 'the Beaverbrook press were running the story in a big way' with 
'uninformed press criticism' and that a story in the Daily Mail for 
5 January 1946 reported that 'a rumour-monger [sic] is sweeping 
Barrow [...] the shipyard workers resent the arrival of former Nazis 
who are still pro-Nazi'.55 

However the British public displayed a remarkably sanguine view 
about the utilisation of German science and the superiority in many 
areas which this implied over UK technique. In December 1945 
Stafford Cripps opened an exhibition of German industrial products 
at Millbank which showed parts of Germany's wartime advances in 
science and industrial technique. It also sought to promote the British 
Intelligence Objectives Sub-Committee (BIOS) reports on German 
developments for British industrial use. These amounted to 1400 
reports on a great range of industries and techniques compiled by 
some 10,000 investigators. Cripps urged British industry 'to make the 
fullest and speediest use of the knowledge gathered [...] there was no 
time to waste'. Among the wonders promised were 'powdered white of 
egg which whips better than the real thing, a bath enamel you can hit 
with a hammer without chipping, the perfect baby food [...] and, for 
women of all ages "lizard" shoes and handbags, flexible, durable, dyed 
in rich shades and made out of haddock skin'. 56 

The Daily Graphic reported that 'we so often have occasion 
to criticise the obstructiveness of the Board ofTrade that it is a 
considerable satisfaction to be able to compliment its President, Sir 
Stafford Cripps, on the apparent thoroughness of his investigations 
into German trade methods'. The exhibition was intended to tour 
Cardiff, Birmingham, Manchester, Leeds, Nottingham, Newcastle, 
Glasgow, Belfast and Bristol. 57 

In October and November 1945, the RAE put on a display 
of captured German aircraft and equipment which included not 
only service types like the piston-engined Focke-Wulf Fw 190 and 
Messerschmitt Me 109, but also the Messerschmitt Me 262 jet 
fighter and secret types such as the twin jet-engined Arado Ar 234 
B-2 bomber which had not been used operationally before the fall of 
Germany. Jet engines, bombsights, communications gear, as well as VI 
and V2 missiles, were also on display. A few months later three aircraft 
with most of the engines and other small equipment were moved to 
the Science Museum to form a popular exhibition entitled 'German 
aeronautical developments' and it is interesting to note, in the era 
before the Cold War, how openly this advanced German defence 
technology was displayed in Britain (Figure 3). 

German high-speed aerodynamics and British defence science 
The greatest concentration of British efforts was certainly in 
aeronautics. In November 1946 Arthur Woodburn, for the Ministry 
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EXHIB TIO
 

GERMAN 
J\ERO AUTICAL 
DEVELOPMENTS 

of Supply (MoS), had announced that German scientists were to be 
employed at the RAE and at the recently created Guided Projectiles 
Establishment at Westcott, near Aylesbury in Buckinghamshire. 
The press statement was careful to emphasise that the pay 'will 
be comparable to that of British technicians [... ] but at a slightly 
lower figure'. Any suggestion of featherbedding former enemies was 
countered by the announcement that 'the men will be accommodated 
in Army huts'.58 Some 124 individuals were eventually selected by 
the Deputy Chiefs of Staff (DCOS) committee for the DCOS or 
'defence scheme' to bring in German scientists for employment. They 
included guided-missile experts, rocket engineers, aerodynamicists, 
flutter analysts, instrumentation engineers, an archivist, experts in 
servomechanisms, control guidance, gas turbines and, most curiously, 
two naval historians. 59 Of these scientists some had already been 
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Figure 4 Letter regarding 

salary scale for German 

scientists, 10 March 

1948. (Public Record 

Office CAB 122/352) 
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brought to Britain for interrogation, in effect as VIP prisoners of 
war. The aeronautical scientists were taken to the Beltane School at 
Wimbledon,which had been requisitioned for the purpose as part 
of a separate operation known as 'Inkpot'. By late 1945 about 250 
of the best German scientists and engineers had been brought there 
for interrogation and a number of these were subsequently offered 
employment on a special pay scale within Civil Service terms, 
graded as 'German Scientist I to V' (Figure 4).60 For example, 
Adolf Busemann, one of the foremost experts in the world on swept 
wings and supersonic flow, was retained in Britain and worked at 
Farnborough and at NPL, but soon left to work in the USA.61 

However, others such as the Gottingen aerodynamicist Dietrich 
Kiichemann were offered employment freely while they were still 
in Germany, writing the reports for the British investigation of their 
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wartime work. Initially these contracts were for six months, and 
Kiichemann's associate, Johanna Weber, who took up a similar offer to 
follow some months later, recalled that the short period of these initial 
contracts was a major factor in inducing German scientists to accept. 62 

Apart from the lucky find ofVolkenrode the British search had not 
been hit or miss - CIOS targets even specified minor Messerschmitt 
dispersal factories. There was also a specific search for personnel 
with particular skills, such as those involved in work on flight control 
and stability on the new high-speed aircraft. This brought Morien 
Morgan of the RAE to Germany to seek out Karl Doetsch, who had 
been working on the directional instability of the Messerschmitt Me 
262, since Britain's new jet fighter, the Gloster Meteor, was similarly 
afflicted with this 'snaking' problem.63 Doetsch had unique skills, 
being both a highly trained research engineer and also a test pilot who 
had been working particularly on control and stability problems at the 
Deutsche Versuchsanstalt fur Luftfahrt at Berlin-Adlershof, which fell 
inside the Russian zone, and he had, by then, taken refuge in Bavaria 
until other aeronautical scientists directed Morien Morgan to him.64 

The two schemes were the official channels for the employment 
of German specialists and they show that 124 German scientists and 
technicians were formally brought into the UK under the Defence 
Scheme while another 257 Darwin Panel nominees were listed in 
1946, although it is not clear how many of this latter group came. 65 

It also appears that other Germans did come under less formal 
conditions. One example, which may not have been exceptional, is 
that of the engineer August Stepan who had worked on the Doblhoff 
tip-jet-driven helicopter system in Austria. In 1947 he was given a 
contract by the Ministry of Supply and worked at the Fairey company 
on the Rotodyne passenger helicopter project until 1962. However, 
he does not appear on the lists of Darwin Panel scientists so far found 
by this author or in the separate DCOS scheme for defence scientists, 
and his case raises the question of how many others there may have 
been like him.66 

The integration of German and British high-speed aerodynamics 
at the Royal Aircraft Establishment, Farnborough 
The expansion of British aircraft production during rearmament and 
war relied largely on government finance and had produced a highly 
directed industry with centralised state control through the Ministry of 
Aircraft Production. This merged to form the new Ministry of Supply 
from 1945, with control over all Britain's aeronautical R&D and the 
responsibility for procurement and administration of all contracts 
for aircraft, missiles, engines and weapons on behalf of the RAP. 
It also had equivalent responsibility in the period for civil aircraft. 67 

Thus the British pattern for the utilisation of German science was to 
concentrate these assets in government research establishments under 
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MoS control. The reports, personnel and equipment thus were located 
principally at Farnborough while the actual hardware initially w~nt 
to the new Bedford research centre which stayed under Farnborough 
control. 

The presence of German personnel at Farnborough, in addition to 
the captured documents and reports, ensured that British transonic 
research made striking speed in the immediate postwar period. This 
absorption took place partly with the assistance of intermediaries who 
were at home in the German language, such as the aerodynamicist 
T R F Nonweiler, who was the son of German-Jewish immigrants 
and acted as a security vetting officer for some of the German 
aerodynamics reports. 68 Since many British aerodynamicists were 
competent in scientific German, it would be tempting to cast 
the analysis of these events in terms of technology transfer, as 
it is generally understood by historians of technology, but more 
particularly, in terms of the transfer of 'tacit knowledge', as analysed 
by Collins.69 The essential elements in such a case, it might be argued, 
include a body of advanced technical and theoretical knowledge, 
complemented by subtle practical and experimental 'know-how' (in 
this case wind-tunnel and modelling technique) mediated by key 
personnel. 

However, an analysis along either of these lines would fail to 
capture the complexity of these events. It would also undervalue the 
state of British aerodynamics at the end of the Second World War and 
could also imply that it had developed in isolation from Continental 
work. In fact, RAE aerodynamicists were well informed about German 
research during the 1920s and early 1930s. For example, Hermann 
Glauert, the outstanding theoretician at the RAE in the interwar 
period, was at the forefront in spreading an appreciation of the work of 
Ludwig Prandtl and the 'Gottingen school' of aerodynamics in Britain. 

These contacts disappeared as German aerodynamics became 
incorporated into German war planning. Probably the last open 
international exchange took place in Italy at the Volta High Speed 
Conference in 1935, and there British, American, French, Italian and 
German aerodynamicists gave papers on current thinking about future 
high-speed developments (Figure 5).70 

Ed Constant has concluded, from a study of the papers given at 
the conference and the citations in them, that Germany was pre­
eminent in theoretical aerodynamics in 1935, with Britain only 
slightly behind. By contrast, the USA (excepting the special case of 
Theodore von Karman who, from 1930, in essence imported German 
aerodynamics to CalTech) was rather backward in theoretical high­
speed aerodynamics, although the National Advisory Committee on 
Aeronautics was 'widely recognised for the excellence of its empirical 
data and for little else'. 71 
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to cancel each other out and thus avoid the high drag (and power 
requirement) associated with supersonic flight. 73 

Thus although Busemann's swept-wing proposals were not explored 
in Britain during the war and the extent to which German research on 
swept wings in the transonic regime had progressed came as a surprise 
in 1945, these studies were not received by a naive or theoretically 
unsophisticated audience. British aerodynamicists realised the point of 
all this work as soon as they saw the reports. They had the theoretical 
and mathematical equipment to be able to extend it and rapidly began 
to incorporate the thinking into proposals for operational aircraft. 

The case of the reception of German high-speed aerodynamics in 
Britain does not therefore fall into the generally understood categories 
of technology transfer or the communication of tacit knowledge that 
have been discussed by historians of technology. Rather, it represents 
a reintegration of a particular branch of theoretical aerodynamics 
which had been undergoing separate evolution since German science 
had 'gone off the air', as it were, in the late 1930s. The character of 
Farnborough itself was essential to the utilisation of this German 
expertise and, in spite of sporadic objections and newspaper reports, 
the absorption of German specialists into British government defence 
research establishments and into firms was remarkably harmonious. 
Karl Doetsch, as we have seen, was recruited, along with other 
aeronautical specialists, to come to Farnborough, initially on a six­
month contract. He recalled that his Home Office immigration papers 
were marked 'ex-enemy alien - for exploitation only', but 'the welcome 
at RAE was quite different', and Morien Morgan begged him 'not to 
take the "ex-enemy" business too seriously'. 74 

Doetsch's view was that the RAE wished only to retain scientists 
who could be integrated into the existing British government research 
establishment system. He also had the strong impression that there 
was a wish at the RAE to avoid 'German language islands' which 
it was then believed had happened in the USA. After about two 
years 'it was obvious which scientists would be fully integrated' and 
the number reduced to a highly integrated residuum. However, in 
response to this desire for integration, coupled with the government 
policy that, in the early years, Germans not could have authority 
over British workers, a particular paired working structure emerged 
in which leading Germans were allowed a German collaborator and 
assistant. Thus Dietrich Kiichemann worked with Johanna Weber, with 
whom he had previously cooperated at the AVA, Hans Multhopp with 
Martin Winter and Doetsch with Werner Pinsker (Figure 6). 

By 1953 the whole pattern of collaboration within the RAE had 
become looser. Kiichemann and Doetsch were promoted to Senior 
Principal Scientific Officers and were in the process of becoming 
naturalised as British subjects, while the civil service category of 
'German scientist' was dropped. However, naturally enough, some 
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Wulf, where he was notably engaged in developing the Focke-Wulf 
183 jet fighter, now considered to be an important influence on the 
MiG 15 and the North American Sabre. 

They calculated that the new Rolls-Royce Avon engine was just 
sufficient to give the aircraft a supersonic performance of Mach 1.24 
at 36,000 feet 'if equipment and instrumentation are restricted to 
only the most essential items'. The other restriction was to keep the 
diameter of fuselage to the absolute minimum dictated by the Avon 
engine and to this end the pilot was to be located in a prone position 
in a compartment placed, in effect, within the inlet duct. The prone 
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pilot idea was also derived from German work and had been 
developed in an experimental aircraft in part by Martin Winter as a 
member of the Berlin Technical University Akaflieg group. Interestingly 
Doetsch had also flown this aircraft at Adlershof and encouraged the 
incorporation of the prone pilot feature in the RAE project. The wing 
was to be swept back at an angle of 55 degrees to delay compressibility 
effects, while the tailplane was to be mounted high on the fin to 
keep it clear of the transonic shock waves generated by the wings or 
fuselage and to avoid the loss or alteration of pitch control which had 
been encountered approaching transonic flight - 'a scheme which was 
developed some years ago for the Focke Wulf 183 fighter'. 78 

This aircraft was not built, but later, in 1948, another RAE paper 
by Owen, Nonweiler and Warren proposed a larger supersonic 
fighter which derived from it. 79 In general, layout and wing plan for 
the proposed fighter followed closely the Winter-Multhopp design, 
including a version with a prone pilot position, although an alternative 
layout was sketched with a conventional pilot position above the 
intake and a radar scanner dish faired into the centre of the intake 
duct. However, the Winter-Multhopp aircraft was only supersonic 
by dint of scrupulous streamlining and avoidance of all unnecessary 
structure. A practical fighter would need much more power to attain 
this performance, and the new feature of this June 1948 proposal 
was the use of multiple engines staggered so that the thickest part 
of one layover the thinner part of the other - the so-called 'hip and 
waist' arrangement. It is significant that, in this period, Winter and 
Multhopp, as German scientists, were able to work on the research 
aircraft but not on the fighter proposal, which passed to British 
colleagues. However, this policy soon changed and Multhopp was to 
have considerable input into the English Electric P.l Lightning which 
derived from this project.80 

By November 1948 the Advanced Fighter Project Group, which 
had been set up at the RAE, reported on work to date, stressing the 
difficulty in predicting the nature of the threat (in terms of speed and 
altitude) for which 'the fighter which must stop the bomber' should be 
designed. The task, they proposed, was that of defending 'this island 
against the attacks of enemy bombers similar to the long-range high 
altitude bombers we ourselves are developing' - high-speed aircraft 
capable of delivering atomic bombs at 500 knots and from 50,000 
feet. 81 

The group considered that, although the state of knowledge 
on aerodynamics, stability and control was still developing, the 
main uncertainty centred around the structure. The operational 
supersonic fighter was required to be a large and complex aircraft 
weighing perhaps 30,000 lbs (at a time when the relatively simple 
'first generation' jet fighters such as the de Havilland Vampire and 
Supermarine Swift weighed only 8000 to 10,000 lbs). The gamble of 
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estimating strength and weights closely in the absence of 'real guiding 
experience' or established design principles is shown by the structural 
challenge of providing enough stiffness to wings and tail surfaces to 
prevent flutter and aileron control reversal. The catch here was that 
the forces would be higher than those met hitherto, although the 
surfaces were required to be much thinner and, for geometric reasons, 
the high degree of sweepback also would tend to compound the 
problems of twist and aero-elastic distortion. However, the price of a 
slightly 'safer' and more conservative design, increasing the structure 
weight by a factor of only 3 per cent, would reduce flight endurance 
from 55 minutes to 29 minutes - scarcely a useful fighter. 82 German 
aerodynamic work had been highly influential in suggesting supersonic 
shapes, but it had not provided design and structural data for this new 
high-speed regime.83 

But even in the light of these technical reservations the RAE 
took a bold and even propagandist role in weapons development 
policy, arguing that 'a fully operational supersonic fighter would be 
an immeasurably valuable asset to the defences of this country' and 
actively promoting work on it in spite of the many uncertainties, 
noting that 'the unknown factors are many and frightening but the 
prize may be immense'. It would be 'an appalling gamble' and 'the 
obvious way to achieve this prize would be to tackle the problem 
slowly'. But in view, implicitly, of the dawning atomic threat, the RAE 
proposed the 'short-cut' approach, going straight to the design of a 
fully operational supersonic fighter and suggesting that 'a first class 
design team from the Industry' be asked to proceed with the design on 
the lines sketched out by its scientists.84 

In August 1948 the MoS issued Operational Requirement F.23/49 
based on this RAE thinking which asked for 'a minimum top speed 
of Mach = 1.2 or higher' and a fantastic climb performance allowing 
six minutes from the moment the pilot presses 'the first button' to 
reaching 50,000 feet. The MoS then began to pursue discussions with 
English Electric as the most likely company to build the aircraft and, 
by March 1949, confirmed to the company that it was to develop the 
concept as the English Electric P.1 - the prototype that was to lead 
to the Lightning fighter. 85 Thus the project, it should be noted, was 
set in train at virtually the same time as the transonic Hawker Hunter 
(and long before the Hunter flew), with the intention of leapfrogging a 
generation of fighters. 

The initial development of the Lightning took place in the context 
of a range of suggestions for fast-climbing manned rocket or hybrid 
rocket and gas turbine-powered fighters. Sir Charles Gardner (as 
Director of Guided Weapons Development) also gave a glimpse of a 
certain optimism for defence when he noted that 'the Million-fold 
increase in striking power of a single aircraft has transformed the 
defence problem from one in which an attrition of 5 or 10 percent 
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could be worthwhile [...J to one in which it is necessary to achieve 
an annihilation defence in which virtually every aircraft must be 
destroyed'.86 

The initial English Electric 1948 project drawings mirrored closely 
the planform of the RAE study, including an ingenious staggered 
'hip and waist' engine arrangement. This became a distinctive and 
successful feature of the production aircraft, although in the case of 
the T-tail English Electric became convinced that RAE advice was 
wrong. In this they proved to be correct and the low tail position 
eventually adopted proved far more effective in the nose-high landing 
attitude (Figure 8). The Lightning, when it entered service in 1960, 
certainly vindicated the early RAE advocacy of the supersonic 
interceptor, but - although, like so many British aircraft, it arrived 
awfully late - the performance substantially exceeded the initial RAE 
predictions. It was, however, an aircraft that was predicated on the 
special air defence and quick reaction needs of Britain. In this role it 
was probably the most potent interceptor at the time in the world, but 
this specificity of role denied it really substantial export sales, although 
40 were sold to Saudi Arabia and a further 14 to Kuwait. 

Among the very many British aircraft development projects, a 
considerable number can be regarded as relating to, though not 
actually derived from, German work. For example, in the case of 
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the V-bombers, Britain's main Cold War deterrent force, the basic 
aerodynamic designs were strongly influenced by German work, 
although the initial concepts were developed more in the firms 
than at the RAE. In the case of the Handley Page Victor, German 
aerodynamic influence was imported directly into the company, since 
one of its designers, G H Lee, was a member of one of the Allied 
technical missions in Germany. 

The Avro Vulcan represents another fusion of German theoretical 
work with British pragmatic technique. The Avro designers accepted 
the need for a swept wing for the high-speed bomber requirement, 
but were not confident that long swept wings, as on the Victor, could 
be built stiff enough and conceptually reinvented the 'delta' wing 
planform by 'filling in the gap'. However, in this period, no major 
defence aircraft project could proceed without a major commitment 
of continuing RAE research throughout development. The RAE 
contributed an enormous amount of aerodynamic work to refine the 
Vulcan wing, with Dietrich Kiichemann also providing a solution for 
blending the tailfin and stabiliser in the Victor. 87 

The pattern of these projects illustrates the connection between 
German wartime aeronautics and postwar British programmes and the 
process of integration of this German science and technique into UK 
defence research. However, the structural solutions for designing these 
advanced supersonic aircraft had not been imported from Germany, 
although they were to prove critical to success. In fact the problem of 
airframe distortion and oscillation in high-speed airflow became an 
RAE specialism. Much of the theoretical work needed to analyse these 
complex interactions was done at the RAE, by and under the direction 
ofTed Broadbent. 

Thus German swept-wing work, at the end of the war, was 
suggestive, but it was not a complete recipe, and it was only in a 
place like the RAE with deep resources for theoretical and wind­
tunnel aerodynamics research, combined with resources for advanced 
structural analysis, that it could have prospered. It is certainly 
suggestive that in Argentina the work on the Pulqui II fighter under 
a team led by Kurt Tank, the former Focke-Wulf chief designer, did 
eventually founder. The work was conducted by an imported German 
team which, though highly able, could not match the truly enormous 
resources then deployed at the RAE for structural testing, aero­
elasticity and 'flutter' calculations, and accident or failure analysis. One 
Pulqui broke up in flight - a failure attributed to 'faulty welding' .88 

Conclusions: the utility of German science 
The range of aerodynamic work studied and the number of specialists 
brought to Britain does not support the assertion, referred to at the 
outset, that Britain was backward in exploiting German work in 
comparison to the USA. The official British total so far discovered 

123 



Andrew Nahum 

of 381 German scientists should be compared with the declared 
initial total of 210 who were taken initially to America under the 
auspices of Project 'Paperclip'. 89 A more reasonable judgement is 
that the number of German scientists actually brought to Britain was 
probably in line with what the government and industrial research 
establishments could absorb. The quality and the experience of the 
individuals recruited also shows that Britain sought out individuals in 
the top rank of German aerodynamics and aeronautical science and, 
as we noted with the case of Karl Doetsch, the intelligence evaluation 
and preparation was already in place to enable British investigators to 
locate them. 

However, it is unlikely that a quantitative judgement can ever be 
reached on the contribution to the British aeronautical industry of 
the various programmes to exploit German science. The value of 
the physical equipment as well as the intellectual contribution made 
by the personnel and the research documents brought to the UK is 
literally incalculable for various reasons. One could, for example, put 
a notional value on the R&D work from which the Winter-Multhopp 
transonic aircraft design sprang, but this might not represent the 
cost which the RAE would have had to expend to get to the same 
point without them. In such cases it may often be sufficient for other 
workers to learn of a new possibility in broad detail in order to jump 
to it quite rapidly by their own efforts. 

In some areas of British aviation technology, postwar development 
was practically untouched by a knowledge of German work. This was 
certainly true of the gas-turbine development carried on at Rolls­
Royce, de Havilland, Bristol and Armstrong-Siddeley, which built 
exclusively on what had been done during the war in these firms. 
The German jet engines were analysed at Farnborough by RAE 
scientists and by Power Jets (R&D) who concluded that there was 
little to learn from them. It is also noteworthy that only two German 
turbojet engineers were brought to Britain in the DCOS scheme 
and one of them, Max Bentele, with high-level experience of turbine 
blade design at Heinkel-Hirth, was not used in the British jet aero­
engine programme but was despatched to a fairly low-priority project 
for a gas-turbine tank engine at C A Parsons, in Newcastle upon 
Tyne.90 This sparing use of German turbojet personnel argues again 
for a purposeful and highly selective British approach to German 
engineering and scientific personnel. 

In contrast to the UK, France, which had missed out on turbojet 
development during the war, considered the BMW design team to be 
a great prize. BMW was located in Munich, in the American zone, 
but the team and the chief engineer H Oestrich appear to have been 
'spirited away' by French agents while awaiting travel to the USA. 
The team reappeared in Switzerland in a new organisation, the Atelier 
Technique Aeronautique Rickenbach, and the first French jet engines 
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put into production by the nationalised SNECMA aero-engine 
company bore the designation ATAR. 

However, the British jet-engine teams were quick to appreciate the 
superior quality of German test facilities and instrumentation. The de 
Havilland team spent several weeks at the BMW high-altitude test cell 
in Munich, completing over 70 hours of testing on the Goblin engine, 
providing information which could not then have been obtained 
anywhere else. The cell could be depressurised to simulate altitudes of 
up to 50,000 feet, while the inlet air speed could be regulated up to 
550 mph and refrigerated to -70 °C.91 The team noted that the speed 
at which results were obtained was much better than if flight tests 
only were used and the information far more complete. The BMW 
test facility was removed to the USA, but the practical experience of 
the utility of the installation certainly helped establish the need for 
test cells working on the same principle at the National Gas Turbine 
Establishment near Farnborough. 

Germany was, of course, closely identified with advances in 
rocketry, and British liquid-fuel rocket motors certainly owed 
much to the V2 engine concept. Much work was done on these, for 
rocket-assisted takeoff applications, for the abortive rocket fighter 
programmes and particularly for the Blue Steel and cancelled Blue 
Streak nuclear weapons. The idea of the fast-climbing rocket fighter, 
for which prototypes were commissioned in the mid-1950s from three 
separate manufacturers, was clearly derived conceptually from the 
Messerschmitt Me 163B. 

Within the British zone, at Kiel, was Helmuth Walter's Walterwerke 
concern which produced rocket engines for various weapons. The 
firm had also developed a hydrogen peroxide steam turbine for 
submarines which promised very high underwater speeds. The 
Walterwerke scientists were captured in a commando raid planned by 
Ian Fleming as Kiel fell to the Allies. Thus followed the adoption of 
concentrated ('high-test') hydrogen peroxide as the oxidiser in a wide 
range of British rocket engine projects, following wartime practice 
at Walterwerke and elsewhere and the presence of a considerable 
number of German specialists at the newly-formed Guided Projectiles 
Establishment at Westcott in Buckinghamshire. Douglas Millard, at the 
Science Museum, has pointed out that the 1946 British Beta rocket 
developed there was derived from the Walter 509 motor and has found 
on it a fuel valve stamped 'T-stoff - inlet'. The use of this Anglo­
German hybrid term certainly seems eloquent.92 Andrew Jeffs, a long­
term Westcott scientist, has confirmed that 'thousands of captured 
German solenoid valves' for rocket fuel control came to Westcott 
without which 'we'd have been flummoxed' and that 'we were using 
them into the 1980s'. In the immediate postwar period, terms like 
T-stoff and C-stoff were routinely in use at Westcott and even some of 
the fuel stocks came out of Germany.93 
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Interestingly, Jeffs recalls that Westcott did not reflect the RAE 
working pattern of paired German scientists who were not allowed 
to direct British colleagues initially and that 'Dr Walder, who did the 
Gamma motor was very definitely the head of the team'. To Jeffs, who 
worked at the time with Willi Kretschmer, an engineer on the Walter 
109 rocket motor for the Messerschmitt Me 163, this was probably 
because Westcott was new - 'we hadn't got any history at all - we 
were not so hidebound'. 94 The Beta and Gamma motors at Westcott 
demonstrated a technology which passed from there into the engine 
firms de Havilland, Napier and Bristol-Siddeley. Indeed the Gamma 
was quite closely followed by Bristol-Siddeley for the Stentor motor 
for the aircraft-launched nuclear standoff Blue Steel missile - the 
principal British nuclear weapon between 1963 and 1968. 

In contrast to the liquid-fuelled motors, the solid-fuel rocket 
technology which was used in many anti-aircraft and air-to-air 
weapons was a largely horne-grown and successful British technology. 
Thus the Bristol Bloodhound missile, which emerged as an effective 
ground-to-air defence system against high-altitude hostile bombers, 
relied largely on British technology for its solid-fuel core motor and 
radar guidance, and not, for example, on the German Wasserfall 
liquid-fuel anti-aircraft missile which had been studied with interest by 
Allied investigators.95 In cases such as these the fact that Germany had 
done a thing, or had begun a project, was perhaps sufficient stimulus 
for British research engineers to accept that it could be done and to 
successfully attempt it, but in their own way. 

Perhaps most significant, in the long term, for British aeronautics 
was the employment at Farnborough of the Gottingen aerodynamicist 
Dietrich Kiichemann and his collaborator Johanna Weber. Kiichemann 
took British nationality in 1952, becoming head of the Supersonics 
Division of the Aerodynamics Department in 1957 and overall 
head of RAE aerodynamics in 1966.96 Both Weber and Kiichemann 
had a major impact on the Concorde programme, but if any single 
person can be considered as the 'father' of the aerodynamic design of 
Concorde it is, in the opinion of this writer, Kiichemann. 

In this context Concorde is certainly an interesting case, since 
it represented such an enormous technological and scientific 
effort. It might therefore be tempting to regard the heritage of 
German scientific influence in both America and Britain as a kind 
of technological supremacism, for in some respects Concorde can 
be regarded as the British equivalent of the American Apollo space 
programme. 

In this connection, one German commentator has suggested that 
engineers and scientists under National Socialism contributed to this 
through 'an aggressive cult offeasibility' .97 While Britain had made 
notable use of scientific research in many areas, the new technologies 
and weapons systems demanded quite a new scale of expenditure 
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and effort. Germany had been among the first to realise the returns 
that might be available from this intense application of science and 
research. Thus the effect on the Allies of their analysis of German 
science was as much moral as direct. Although in many cases the 
postwar programmes of the former allies did not build directly on the 
weapons and solutions that had been attempted in Germany, the scale 
and extent of research and the degree to which engineering science 
was applied to German war projects was eloquent. Nevertheless, it 
must be borne in mind that the Second World War had marked a step 
change in the application of science to weapons systems among all the 
combatant nations. 

In conclusion, the study of Cold War aero science in the UK leads 
to the view that this episode really concerns the integration of German 
and British aeronautical science and the resurgence of the RAE as 
a uniquely capable research establishment with its own particular 
character.98 Thus it would be unhelpful to try and consider whether 
Kiichemann and Weber's narrow supersonic delta work should be 
considered as 'German' when it was conceived and nurtured within 
the RAE long after both had left Germany. It is simplest and most 
satisfactory, perhaps, to regard it simply as RAE work. 

This 'integrationist analysis' also goes some way to answering 
the question touched on at the beginning - why was the work of 
the German specialists in the UK so little known? The interplay of 
Farnborough expertise with a firm such as English Electric in the 
development of the Lightning, touched on above, reveals something of 
the culture of government research establishments and the RAE in the 
period. RAE involvement was unknown in the wider community at the 
time - government scientists were virtually anonymous and the names 
even of senior figures such as the director of the RAE were unknown 
to the public; indeed they would have counted any kind of celebrity a 
grave embarrassment. In this sense, the German specialists who stayed 
on were completely integrated into the ethos of British defence science 
and behaved and were treated in exactly the same in this respect as 
British-born research workers. 

In the rapid pace of Cold War aeronautics it quickly became 
meaningless to attempt to unravel what work was notionally 
'German' and the term would certainly have seemed irrelevant to the 
participants. We should also recall that this study traverses a trajectory 
of 'mind-sets' about nationalism and identity, taking us from the 
still-fresh sensibilities of the war, in 1946, through the perceptions 
of the Cold War and on to the approaching entry of Britain into the 
European community with new and still emerging perceptions of 
nationalism and identity. 
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Appendix: a conundrum - the financial value of German defence 
science 
In the immediate aftermath of the Allied exploitation programmes 
there were efforts made to assess the value of what had been taken, 
both from the German side and on behalf of the British and American 
governments of occupation. The main motivation behind this was for 
German trade associations, but also Allied occupation bodies such 
as the Bizonal Economics Administration, to estimate the value of 
intellectual and other properties removed from Germany in order to 
establish a credit figure towards the reparations account. 

Of course, a major component of this material was concerned 
with military R&D, which could be taken as having no realisable 
value in a defeated and disarmed Germany, although a huge 
quantity of information and actual products and prototypes for civil 
technologies were taken, which clearly had important potential for 
the reviving economy of Germany. To some historians, indeed, the 
whole exploitation programme should be comprehended in terms 
of undeclared intellectual reparations. 99 Arriving at the value of this 
material proved extraordinarily difficult and the final assessment 
reached by the commission established by the administration for this 
purpose came up with an estimate of between $4.8 billion and $12 
billion.! 00 

Estimating the share of this which fell to Britain would be 
extraordinarily problematical and, moreover, would not represent its 
utility. Firstly, there is the possibility, quite strong in many cases, that 
British manufacturers would have in time adopted types of plant, 
processes and designs that were in use in Germany anyway, and that 
there was a process of modernisation which had been deferred by the 
war. Another reason to suggest that the value to the recipient is lower 
than the value estimated by the loser is suggested by a 'housebreaker' 
analogy where the burglar never obtains the full value of items taken 
away. In the case of German science, the utility that patents, processes, 
scientific knowledge and so on would have had when stripped 
out of the milieu in which they developed must have been vastly 
reduced. It seems likely that the only environments where this special 
knowledge could have been absorbed and transferred without high 
dilution could have been in defence establishments such as the RAE. 

Another factor which also makes a proper assessment difficult, if 
not impossible, is the problem of valuing 'false starts' and dead ends 
in technology. Germany had been found to be so extraordinarily 
fertile in new technologies applicable to aviation that the Allies tended 
to assume that almost all these leads might prove valuable, and the 
German estimators certainly have echoed a high estimation of value. 
Thus General Electric considered that expertise with helicopters 
powered by tip jets at the ends of the rotor blades, acquired from the 
inventor, Dr Doblhoff, was worth $1 million.!O! One of Doblhoff's 
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engineers, August Stepan (mentioned above) also brought experience 
of the system to Britain, where it was used for the experimental Fairey 
Rotodyne. The Rotodyne was intended to be a short-haul helicopter 
airliner linking both cities to cities and cities to international airports, 
but proved to be an expensive diversion. By 1957 it had consumed 
some £7.6 million in development money and was cancelled shortly 
afterwards. 102 Neither Britain nor the USA developed useful machines 
with jet-powered rotors and the whole concept could be viewed as an 
expensive 'negative dowry'. 103 

Another example where the value is highly contentious is provided 
by the case of BMW aero engines. The firm's report on the removal 
of 50 crates of reports and drawings to Wright Field by American 
personnel valued the material at more than 325 million Reichsmarks 
(about £32 million in contemporary sterling value) - the sum spent 
in research and development since 1937. 104 The problem with such a 
figure, for the purposes of economic analysis, is that it does not reflect 
the value of the intellectual property to either party. In the case of 
BMW, the special knowledge which it had acquired in aero engines 
was effectively made useless by the defeat of Germany, since even 
if there had been no Allied exploitation it no longer had a customer 
for military goods and was prevented from making warlike material 
for any other state. The value to the USA would also be grossly 
overstated by this figure. Much of BMW's special expertise related 
to air-cooled radial piston engines (such as that in the Focke-Wulf 
190), but although Allied experimenters were naturally intrigued by 
the competing solutions developed in Germany, the USA in 1945 had 
two producers, Wright and Pratt & Witney, making highly developed 
air-cooled radials. There is no suggestion that either firm altered 
their designs after the war in the light of knowledge from BMW. In 
fact, developed versions of American Second World War service types 
powered the first postwar civil airliners, while for military use the 
piston engine was being rapidly replaced by the jet and little new 
development engineering on piston engines was done. IOS 
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The origins of transport museums 
in Western Europe 

Transport museums are among the most numerous and popular 
of museums in Europe, but they are also widely misunderstood. 
Frequently they are dismissed as the products of narrow-minded 
enthusiasts obsessed with technology, full of unimaginative displays 
of over-restored vehicles reflecting at best a nostalgic view of the past. 
But the sector's historical roots are both deeper and more complex 
than is usually thought, and while exhibitions past and present are 
rarely beyond criticism, these diverse origins are reflected in a rich 
spectrum of interpretation. In their recent efforts to attract new and 
wider audiences, museums have concentrated on telling stories about 
the social effects of transport and travel. These displays have the 
potential to encourage visitors to reflect critically on the opportunities 
and challenges presented by transport in the past, present and future. 

This article sketches the origins of public displays of transport in 
Western Europe. It was only after the Second World War that museums 
dedicated to one or more modes of transport became common. But 
transport collections date back at least as far as the early nineteenth 
century, and many of these became publicly accessible, either 
permanently or on a temporary basis, in industrial museums and at 
international and national exhibitions. The state often bore the major 
responsibility for these displays, which consequently tended to tell 
celebratory stories about industrial progress and nationhood. This was 
particularly true of mainland Europe, since governments here usually 
planned and directed the construction of transport systems. In the 
next century and at a more local level, municipal authorities often 
commemorated the tramways and other modes of transport which 
had enabled the dramatic growth of towns and cities. But commercial 
transport providers also had a part to play in marking transport's past. 
So too did private collectors, particularly when it came to celebrating 
non-mechanical forms of transport, such as horse-drawn carriages, 
as they became obsolete. The relative importance of these groups has 
varied considerably over time, from country to country and between 
modes of transport, making it very difficult to generalise. Voluntarism 
has always been important in Britain, for instance, and in recent 
decades the voluntary sector in the rest ofWestern Europe has taken 
more and more responsibility for saving and exhibiting transport 
artefacts. 
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Early origins - the great industrial museums 
The great national museums have always told stories about a nation's 
sense of itself. From their founding in the late eighteenth century, 
these institutions displayed prized objects symbolising the dominance 
of humanity over nature, or that of one people over another. 
Sometimes museums marked the power of one part of society over 
another. Thus from the middle of the nineteenth century displays of 
royal carriages in certain European cities, such as Madrid, symbolised 
the monarchy's long and continuing reign.! 

With the gathering pace of industrialisation, European countries 
adopted the machine as a measure of national achievement and a 
symbol of national identity, displaying key artefacts in technical or 
industrial museums. Such institutions, usually run by or in some other 
way closely associated with the state, often displayed vehicles and other 
transport artefacts as markers of progress and cultural superiority.2 

The oldest and one of the greatest of these museums, the Musee des 
Arts et Metiers in Paris, acquired as early as 1801 Cugnot's steam 
wagon of 1771, the first - albeit unsuccessful- example oflocomotion. 
It is still there today, at the start of a recently refurbished transport 
gallery which - with occasional asides marking crucial technological 
contributions by other nations - traces French achievements right up 
to the collaborative European space launcher of 1997. The sight that 
now greets people at the culmination of their visit vividly expresses 
the reverential attitude towards transport that has evolved in France 
over the last two centuries. In the beautiful former chapel of the priory 
that is now the museum towers a huge steel structure. On this modern 
altar and on the chapel floor are arranged 20 or more vehicles, while 
several aeroplanes hang from the high ceiling above: icons at a shrine.3 

The British state was slower off the mark, leaving private interests to 
mount the very first permanent celebrations of mechanised transport 
by displaying a few pioneering railway locomotives, starting in the 
1850s. These machines had survived by chance or through the efforts 
of far-sighted individuals. Some very significant engines passed in the 
1860s to the Patent Museum and thus came to be associated with the 
South Kensington Museum, a product of the Great Exhibition of 1851 
and forerunner of the Science Museum, founded as such in 1909. 
These machines included Robert Stephenson's Rocket, winner of the 
Rainhill Trials of 1829, which sealed the future of steam locomotion; 
William Hedley's Puffing Billy of about 1813-14, an example of the 
cruder engineering of the railways serving the coal mines of northeast 
England (a replica is in the Deutsches Museum) (Figure 1); and 
Timothy Hackworth's Sans Pareil, another of the Rainhill competitors. 
The South Kensington Museum also started collecting ship models 
in the 1860s, and in time the Science Museum built up good, and 
in some cases excellent, collections of most forms of land, maritime 
and air transport. The aeronautical collection was refurbished some 
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Figure 1 Replica of 

William Hedley's 

Puffing Billy locomotive. 

(Deursches Museum) 

years ago, but unfortunately the Land Transport gallery, opened 
in the 1960s, was closed some three decades later, although parts 
of the collection are still on display elsewhere in the Museum. The 
third of the triumvirate of great European industrial museums, the 
Deutsches Museum, built up a comprehensive transport collection 
from its founding in the first decade of the twentieth century. In both 
Britain and Germany these collections primarily reflected national 
achievements, although in varying degrees they also marked some 
of the most significant technological aspects of the international 
development of transport. 4 
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These museums were all, in their rather different ways, initiatives 
of the state. But even so they could not have built up their collections 
without the foresight and assistance of private individuals or 
businesses. Rocket, for example, had been sold into colliery service in 
the 1830s and was presented to the state by the industrialist who had 
extracted another 20 or so years' service from the engine. s Indeed it 
seems likely that private gifts and voluntary initiatives were responsible 
for many of the transport artefacts collected by the state museums of 
Western Europe before 1939. In terms of the sheer volume - if not 
always the significance - of what is saved, such methods of collecting 
have almost certainly become even more important since 1945. 
Transport companies, engineers, antiquarians and enthusiasts all had, 
and still have, a part to play. Nowhere was this clearer than in the field 
of railways, from the 1830s until the 1920s the pre-eminent form of 
inland transport over any distance. 

The railway legacy 
The distinction of founding the very first transport museum open 
permanently to the public fell to Norway, where a small railway 
museum was established in Hamar during 1897. But Britain remains 
the natural starting point for any history of railway museums, since 
it was there that mechanically worked railways were pioneered and, 
arguably, the richest collections in Europe were built up. 

Britain's railways brought huge social and economic benefits, as 
well as not a few drawbacks. The system was largely the responsibility 
of commercial interests, for until nationalisation in 1948 and with 
the brief exceptions of the two world wars, the state's involvement in 
railway administration was, by the standards of the rest of Europe, 
very modest. These private companies, sometimes cajoled by private 
individuals and societies of what would now be termed enthusiasts, 
saved some of the most significant transport artefacts of the nineteenth 
century and early twentieth century. I have already noted that railway 
relics were put aside from around the middle of the nineteenth 
century, if only in penny numbers. Apart from those engines that went 
into museums, a few of these now worn-out machines were displayed 
in places associated with their working lives. The most famous was 
Timothy Hackworth's Locomotion, built for the pioneering Stockton & 
Darlington Railway in 1825, which was put on a plinth in Darlington 
in 1857.6 

The timing of these first efforts is notable. The 1850s marked the 
publication of some of the earliest railway histories, as well as the 
first of Samuel Smiles' famous if tendentious biographies of British 
engineers. 7 All of this signalled the popular elevation of railways and 
their technical specialists to something approaching heroic status. 
Railways, in short, were becoming part of Britons' sense of themselves 
as industrial pioneers and worldwide leaders in some of the most 
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important technologies of the industrial age - a feeling of easy 
superiority that nearly a century later allowed the English historian 
G M Trevelyan to proclaim that 'Railways were England's gift to the 
world' .8 It seems likely that the railway companies were mindful of 
the benefits, in terms of what would now be called public relations 
and corporate image, of associating themselves with the industry's 
pioneering years. A particularly clear example was the North Eastern 
Railway (NER), which had absorbed the Stockton & Darlington 
Railway in 1863. In 1875 - a time when the railways generally were 
coming under increasing criticism - the NER, along with the local 
authority and other bodies, organised a Railway Jubilee to mark the 
fiftieth anniversary of the Stockton & Darlington. The festivities 
included a temporary exhibition of 27 locomotives, including 
Locomotion. Half a century later the NER's successor, the London 
and North Eastern Railway (LNER), would repeat the exercise on an 
even grander scale by including a cavalcade, and 50 years after that 
the nationalised British Rail's Eastern Region mounted yet another 
cavalcade. 9 

The international exhibitions of the latter half of the nineteenth and 
the first half of the twentieth centuries - and their more numerous 
but less-well-known equivalents organised on a purely national basis 
- were all important sites where technological patriotism intermingled 
with promotion of corporate image. Right from the start, with 
the Great Exhibition of 1851, these spectacles celebrated national 
achievements, tempering their partisanship but a little with professions 
of the universal benefits to be had from technology. As one of the 
engineering wonders of the age, the railways were almost always 
present, exhibiting their most modern achievements. But historical 
relics also had a part to play, demonstrating the native ingenuity of 
earlier generations and the progress that had been made since then. 
The railways continued to exhibit in this way well into the twentieth 
century. At the 1924-25 British Empire Exhibition, for instance, the 
LNER's display, 'The First and the Last', juxtaposed Locomotion with 
the then ultramodern Flying Scotsman. Such conjunctions were judged 
appropriate as late as 1951, when ancient and modern locomotives 
were displayed at the Festival of Britain, a national celebration 
signalling the beginning of the end of postwar austerity.l0 

The British railway companies were not persuaded of the 
advantages of a permanent museum until the mid-1920s, although the 
idea had been floated in the 1890s by antiquarians and enthusiasts. 
By the First World War such people had become more organised - the 
pioneering Railway Club was founded in 1899, followed in 1909 by 
the more narrowly focused Stephenson Locomotive Society (SLS). 
In the 1920s the SLS bought and restored the first locomotive to 
be privately preserved in Britain, inspiring similar action in other 
European countries. The engine was soon to find a place in the York 
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Railway Museum, opened in 1927. 11 But the founding of the museum 
was the product of more than enthusiasts' desires, important though 
these were. 

Since the 1890s the railway companies had become a lot more 
sophisticated about corporate image. This was partly because they 
were subject to an increasingly strict regime of financial regulation by 
the state, forcing them to compete with each other in terms of quality 
of service and image rather than on price. Regulation also gave them 
a reason to band together in an effort to win over public opinion. 
The York museum had a small part to play in the process, which 
became particularly pressing after 1918 as road competition increased. 
The collection was started in the early 1920s by a middle-ranking 
official of the NER. But in 1923 the number of important railway 
companies was reduced by statute to just four, and this simplification 
of the industry made it easier to draw together material from across 
the country. By 1939 the museum had become the home of a modest 
collection of locomotives, rolling stock and small artefacts from across 
Britain. Some of these had been saved by senior engineers and other 
railway officials acting in a private or semiprivate capacity, suggesting 
they were motivated by professional pride or a strong sense of 
identification with their company. But once senior managers became 
involved the exhibition of these items inevitably took on a corporate 
dimension: the machines also functioned simultaneously as symbols 
of professional, industrial, regional and national identity, and perhaps 
more besides. 12 

The state took over the York museum and became more widely 
involved with the exhibition of transport in 1948, when the railways 
were nationalised along with the docks, inland waterways and 
certain road and urban transport operations. The newly formed 
British Transport Commission (BTC) quickly acknowledged that 
'a well-placed, attractive, and properly managed British Transport 
Museum would be of material assistance in projecting the idea of an 
efficient national transport service', and that in addition to collecting 
engineering artefacts it had a responsibility towards 'the wider social 
and cultural heritage' of the transport under its control. 13 Eventually 
a Museum of British Transport was opened in stages from 1961, in 
a London suburb, although despite its name the museum covered 
only certain modes of inland transport. It closed in the early 1970s, 
along with the York site. The railway collections were transferred to 
the present National Railway Museum (NRM), which opened in 1975 
as part of the Science Museum. This and subsequent changes to the 
NRM's administrative arrangements means that British Rail had, and 
its privatised successors have, no direct responsibility for the museum 
or its contents. 

The exhibitions there now embrace elements of the railways' 
social history, and moves are afoot to include one or two of the most 
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important of foreign vehicles (a Japanese Shinkansen, or 'bullet train', 
was the first). Nevertheless, many of the artefacts are displayed in 
ways that help to sustain a patriotic view of technology. Perhaps the 
best example of this is Mallard, an extremely popular icon exhibited 
as officially the world's fastest steam locomotive. This achievement 
- which is challenged by some in Germany and was almost certainly 
bettered by the Americans - reinforces the sense of national pride 
in the country's railways that, as I have shown, dates back at least a 
century and a half. 

In mainland Europe the most important museums were founded 
by national administrations, reflecting the closer involvement between 
state and railway. Industrialisation lagged behind that in Britain, 
and so, generally speaking, did the commemoration of railways. 
The pioneering Norwegian museum at Hamar was quickly eclipsed by 
something altogether more important in Germany, where the railways 
had played a crucial role in uniting the nation in the latter half of 
the nineteenth century. The Bavarian state government pioneered 
railway construction during the 1830s, and some half century later, in 
1882, an exhibition of Bavarian railway equipment at the Nuremberg 
international exhibition excited so much public interest that the 
collection was kept intact and housed in Munich, although it was open 
only to transport workers, ostensibly for their education. A permanent 
home was then found in Nuremberg, and this time the public was 
admitted, from 1899. 14 

Something similar happened in Prussia. Although initially operated 
as commercial concerns, by 1882 all the main lines serving Berlin 
had been nationalised. These were prosperous routes and the railways 
enjoyed a high social prestige, deriving chiefly from the part they 
had played in national unification. All this helped the Prussian State 
Railways justify the establishment in 1906 of the Verkehrs- und 
Baumuseum (Museum for Transport and Construction) in a disused 
station in Berlin. Like that in Nuremberg, this exhibition was intended 
primarily for the technical education of railway workers, although the 
public was admitted from the start. In 1935, however, the artefacts 
were rearranged to tell more clearly a story of 'progress' culminating 
in the Third Reich. The museum closed during the Second World War, 
and although some of the historic collection remained in the building 
the museum did not reopen after 1945 because of the political 
difficulties of operating in the divided city. In the 1960s a group of 
enthusiasts started to lobby for a new transport museum that would 
embrace more than just railways and, eventually, in 1980, Berlin's 
municipal government agreed to establish this. The Berlin Museum 
fur Verkehr und Technik (Museum ofTransport and Technology) 
opened in 1983. Most recently it has been renamed Deutsches 
Technikmuseum (German Museum ofTechnology) , and has also 
significantly expanded its transport galleries. The present exhibitions 
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do not shy away from addressing the railways' role in the darker side of 
twentieth-century German history.lS 

In most of the rest of Europe state and railway officials did little 
or nothing to commemorate railways until well into the twentieth 
century. Even Norway's modest memorial to the railways' unifying role 
closed in 1912 and was not reopened, on a new and grander site, until 
1926. The first museum at Hamar had been the initiative of a group 
of railway officials, and in 1927 a similar arrangement encouraged 
the Netherlands State Railway to found a museum in Utrecht, where 
the railway had its headquarters. Other countries did little or nothing 
until after the Second World War, when modernisation threatened the 
destruction of much that had survived the hostilities. The completion 
of a new Nord station in Brussels in the early 1950s provided the 
location for a small museum; it is still there, the displays almost exactly 
as described in the late 1960s. In Italy the railways' contribution to 

national unification was arguably as great as that in Germany, but the 
Museo Nazionale Ferroviario (National Railway Museum) was not 
opened, in Naples, until well after 1945. Before this there was a much 
smaller display at the main terminus in Rome, the objects from which 
joined other land transport artefacts in Milan's Leonardo da Vinci 
Museum from the early 1950s. 16 

France serves as a more detailed example of the evolving 
relationship between public and private initiatives that has so often 
shaped national collections and their museums. Here the state was 
less closely involved with railways during the nineteenth century than 
in Germany, and, as in Britain, it was not greatly concerned about 
the preservation of material until after 1945. The private companies 
largely responsible for railway construction and operation showed little 
interest in a museum until after 1918, probably because their lines 
were themselves un veritable musee vivant. At around this time several 
locomotives dating back to the 1840s were put aside. None of this 
amounted to systematic collecting, though; as in Britain, much was 
left to local initiative at railway workshops or depots. Engineers' sense 
of professional pride inclined them to save items here and there in the 
face of managerial indifference. 17 

Private enthusiasts had a part to playas well, although it was 
not until 1929 that a newly founded group, inspired by the SLS in 
Britain and similar bodies elsewhere in Europe, started to lobby for a 
systematic programme of preservation with a museum as an eventual 
goal. The twin threat of growing competition from other modes of 
transport and modernisation of the railways - and particularly of the 
steam locomotive - spurred this action. Some significant artefacts 
were put aside, but much was lost before 1939. Although the French 
railways were nationalised in 1938, as SNCF, the Second World 
War and then a lack of finance in the war-torn country prevented 
any significant moves towards a national museum for a long time. 
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In the 1950s local initiatives by railway workers and engineering 
managers, encouraged in some cases by private societies, helped save 
more locomotives as wholesale modernisation proceeded. Gradually 
a preservation policy focusing chiefly on locomotives evolved within 
the engineering side of SNCF, but it was not until the mid-1960s 
that such moves were sanctioned at the highest level of the railway's 
management. Thereafter, the tide turned in favour of establishing 
a national museum. In 1969 the Ministry ofTransport and SNCF 
agreed with the city of Mulhouse to place the collection in a museum 
provided by the local and regional governments. The latter saw the 
initiative as an important contribution to the economic regeneration 
of a region devastated by industrial decline, a motive which has 
characterised many proposals for transport museums in the last two 
or more decades. Opened on a temporary site in 1971, the Musee 
Fran~ais du Chemin de Fer moved to a permanent building in 1976. 
Recently, however, the museum has experienced difficult times, largely 
because it has not attracted enough visitors to satisfy the financial 
imperatives of the municipal authorities. 18 

So far I have dealt with just a handful of the most important 
railway museums in Western Europe. Railway employees or private 
individuals were often responsible for starting the collections that lay 
at the heart of these institutions, but the involvement of state railway 
administrations, private companies or governments at national or 
regional level was needed before permanent museums were founded. 
However, since 1945 and particularly since the 1960s, there has been a 
tremendous upsurge in interest across Europe in what private citizens, 
either individually or in groups, can do to preserve and display 
railway material - particularly, although by no means exclusively, in 
operating condition. In this brief essay I can do no more than note the 
phenomenon, and remark that it seems to be associated with a desire 
to commemorate the passing of a once-common form of everyday 
transport. 19 In this regard railway enthusiasts are no different in their 
motivation than an earlier generation of private collectors interested in 
preserving other, nonmechanical forms of transport. 

The legacy of other inland transport 
I do not know of any museum dedicated to the commonest and 
most egalitarian form of transport - walking. But there are some 
splendid collections of animal- and human-powered vehicles, many 
of which originated in an impulse to save reminders of folk and 
aristocratic customs threatened by industrialisation - or, more 
strictly, mechanisation, for animals remained a common source of 
motive power for some purposes well into the twentieth century. 
The folk dimension to this movement found its greatest success first 
in Scandinavia, in the last quarter of the nineteenth century, before 
spreading elsewhere in Europe (and North America); the preservation 
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of aristocratic and monarchical material had even deeper roots, as I 
have already indicated. Dedicated carriage and wagon museums often 
originated in the collections of wealthy philanthropists, for this mode 
of transport has rarely been the domain of the sort of large company 
that might have thought a museum a worthwhile investment. (An 
exception is the Studebaker Brothers Manufacturing Company, in 
1900 the largest wagon manufacturer in the world; but the company's 
fine collection is located in the United States.) A good example is 
one of the best collections in Europe, the Tyrwhitt-Drake Museum 
of Carriages in the south of England, built up after the First World 
War by the wealthy individual whose name it bears. The material 
gathered here covers almost the whole range of vehicles that are not 
mechanically propelled, although there is a tendency, regrettably 
common among transport collections of almost every kind, to 
downplay the mundane and everyday.20 

Navigable waterways predated industrialisation and then evolved 
in tandem with the industrialising economy. Many, particularly the 
narrow-beam canals of Britain, remained animal-worked until well 
into the twentieth century. There are few museums dedicated to 
them, however, and most of these are comparatively new. Some of the 
reasons for this are not hard to fathom. Although of great importance 
in the late eighteenth and early nineteenth centuries, canals and 
navigable rivers were eclipsed by railways in Britain and mainland 
Europe, except in those few areas such as the Netherlands, Belgium, 
north-east France and the Ruhr where circumstances favoured ships 
or large barges. Thus corporate interests of the kind that helped to 
underpin early railway preservation in Britain were virtually absent. 
And since inland waterways did not unify nations in the same way 
as the railways, they did not attract the same levels of public interest 
or state support for their commemoration. Folklorists were not 
interested in canals and river navigation until the 1930s or 1940s, 
perhaps because waterways were still associated with the grimmer side 
of industrialisation, and perhaps too because it was only then that 
the real threat to ways of life going back 150 years or more became 
apparent. 

Commemoration thus came only after 1945, with Britain taking a 
pioneering role. The first European museum to concentrate exclusively 
on inland waterways opened in 1963, in a converted canal warehouse 
at Stoke Bruerne in the English Midlands. It was run by the British 
Waterways Board, an arm of the state, though the museum would 
not have been founded but for the intense political lobbying of 
waterways enthusiasts in the 1950s. It was part of a reorientation of 
the commercially moribund network of narrow canals towards leisure 
use. Such has been the success of this policy that there are now 
11 waterways museums in Britain, including a National Waterways 
Museum which embraces the original development at Stoke 
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Bruerne as well as two more recent initiatives. Both of these involved 
partnerships with local government, which wished to see economic 
benefits from the rejuvenation of derelict land and buildings.21 

Most other museums of inland transport concentrate on 
mechanically powered vehicles, although some (museums of urban 
public transport come to mind) trace a lineage back to the days of 
- quite literally - horse power. Similarly, motor museums often display 
bicycles (Colour plate 7) as one of the technologies that contributed 
to the evolution of cars and motorcycles. Personal motor vehicles 
were exhibited very early on, reflecting their high social esteem and 
rapid rate of technological obsolescence. Temporary exhibitions of 
'historic' motor cars (the oldest was then barely a decade old) go back 
to at least 1909, when a display was mounted as part of the Imperial 
International Exhibition at London's White City; one of the vehicles 
passed the following year into the care of the Science Museum, the 
first in an important collection. But the earliest institutions with 
sizable collections of motor vehicles are as varied in their origins as 
other transport museums. The first in Europe, the Musee National de 
la Voiture et Tourisme at Compiegne, France, was opened in 1927 by 
the state. Other important European collections were started between 
the world wars, or even earlier, by private individuals or manufacturing 
firms, although many were not opened to the public until the 1950s or 
later (Colour plate 8).22 

Private collectors were often passionate and idiosyncratic in their 
choices, and these characteristics can often still be detected in modern 
museums. One of the most important is the National Motor Museum 
in the south of England, originally the Montagu Motor Museum, a 
private affair opened to public viewing in 1952. The initial collection 
of just five cars was displayed as a tribute to the owner's father, a 
motoring pioneer. The present building, dating from the early 1970s 
and partly paid for by the European motor industry and private 
subscribers, contains hundreds of vehicles reflecting British motoring 
from 1895 to the present, rising to a climax in the achievements of 
speed record breakers. As with so many such collections, there is 
something of a bias towards the glamorous and unusual, and neglect 
of the mundane. 23 But none can compare in this respect with the 
most spectacular motor exhibition in Europe, the Musee National 
de l'Automobile (Collection Schlumpf) in Mulhouse, France. This 
collection, finally opened to public view in 1982, was built up by a pair 
of wealthy industrialists who were passionate about Bugattis and other 
famous marques of a sporting or luxurious kind. 

Here the regional government played a large role in securing public 
access, and something similar was quite common in Britain in the 
1950s and early 1960s. The reasons were different, however. Municipal 
museums in the famous motor-manufacturing cities of Coventry and 
Birmingham exhibited locally-made vehicles, many of which had 
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been privately collected. The displays helped the postwar generation 
understand their cities' role in twentieth-century industrialisation.24 

Elsewhere in Western Europe manufacturers' museums have helped 
with the same task - Munich's BMW Museum is an excellent example 
- as well as acting as a form of corporate memory. Indeed, corporate 
collections form the backbone of some of the oldest motor museums 
outside North America: Germany's Daimler-Benz Museum opened in 
1936 with a collection dating back 10 the late nineteenth century and 
which had first been exhibited in 1911. Other corporate collections are 
as old, although few were put on permanent public display until after 
1945. The richest in Britain is at the Heritage Motor Centre, opened 
in 1992 on its present rural site some little distance from the motor­
manufacturing areas of the West Midlands; the collection was built 
up over decades by the numerous companies that became the Rover 
Group.25 

It is easy to understand the fascination of private citizens with 
motor vehicles, since these have always been marketed as much in 
terms of social prestige as for their practical utility. Nor does it take 
much imagination to see the benefits to motor manufacturers of 
preserving and exhibiting their own products. Other kinds of road 
transport have never attracted quite such widespread esteem - even 
today, commercial vehicles, taxis and buses play only a small part in 
most motor museums. Nonetheless there are many museums of public 
passenger transport across Europe. 

Public transport played a part in the expansion of towns and cities 
from the nineteenth century, making possible the spread of suburbs 
with their separation of residences from workplaces; trams (Colour 
plate 9), buses and local trains remain powerful and highly visible 
markers of civic identity in many European cities. It is therefore 
not surprising that municipal authorities, often cajoled or helped by 
enthusiasts, have played a large part in preserving public transport 
vehicles. Some of these collections date from well before 1939. This 
timing reflects the obsolescence of the electric vehicles at the core 
of many collections - trams started to disappear in some European 
countries from the 1920s, and even in those places that retained them 
modernisation took its toll of early vehicles. Munich, for example, 
has a comprehensive collection of tramcars built up by the transport 
authority over many decades. 

Yet few transport authorities now seem willing or able to invest 
much in displaying their collections imaginatively. The Munich 
collection, still publicly owned, is cared for in a redundant depot by 
a society of enthusiasts and employees acting in a private capacity 
- but sadly it is not accessible, although the potential for a splendid 
museum of urban mobility and everyday life is there. The situation in 
Copenhagen is a little better. The city had one of the earliest and most 
comprehensive systems of municipally controlled public transport in 
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Europe, but the transport authority's collection of trams, buses and 
trolleybuses is crammed into a small hall attached to a suburban bus 
depot. Displayed like this the vehicles will never excite much interest, 
except among aficionados. But there are exceptions. The London 
Transport Museum, opened in the early 1970s, relocated in central 
London in 1980 and comprehensively redisplayed in the mid-1990s, is 
by comparison generously financed by London's transport authority. 
It is one of the finest museums of urban transport in the world, telling 
rich, multifaceted stories about not just public transport but also the 
great city that would stop without it. 26 

Elsewhere enthusiasts have made impressive contributions to saving 
and displaying urban transport. Museums with extensive collections 
in Vienna and Frankfurt, for instance, owe their existence largely to 
private societies. Indeed, the world's first dedicated streetcar museum 
(the Seashore Trolley Museum in the United States) was started 
in 1939 by such a group. It quickly developed into a working line, 
satisfying a desire for operation that I have already noted is widely 
found among railway enthusiasts. The success of the American 
enterprise inspired a similar initiative in Britain, where the rapid 
disappearance of city systems meant that there was little opportunity 
to emulate the practice still quite commonly found on mainland 
Europe, i.e. operating in the streets. The Tramway Museum Society, 
incorporated in 1955, dates back to the acquisition of a single tram 
in 1948 and a limited tramcar operation started at what is now the 
National Tramway Museum in the early 1960s. It is now arguably the 
most impressive tramway museum in the world, not least because it 
places the development of tramways firmly in the context of urban 
politics and living.27 

Still, even this admirable museum betrays its origins. Tram 
enthusiasts wished to celebrate a type of vehicle heading for extinction 
in Britain, and the public transport successors to the tram - the motor 
and trolleybuses - were under no circumstances to be admitted. With 
the passing of time, and perhaps too with the resurgence of tramways 
in Britain, this policy has eased a little so that now a bus may be found 
sharing the museum's roadway on special occasions. But the general 
problem remains one faced by all sites dedicated to just one mode 
of transport: very few, if any, forms of transport entirely banish their 
rivals, and it is hard to tell histories of intermodal competition, or for 
that matter cooperation, in the single-mode museum. True, several 
European museums embrace several - but scarcely ever all - kinds 
of transport. Of the postwar examples, the Verkehrshaus der Schweiz 
(Swiss House ofTransport and Communication) at Lucerne, opened 
in 1959, is the most comprehensive. Yet even this important institution 
separates the various modes so that the whole museum hardly adds up 
to any more than the sum of its often-impressive parts.28 
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The legacy of maritime and air transport 
My final two categories of transport are a little different in that 
they are capable of overseas communication. The earliest maritime 
museums date from the nineteenth century, air museums from the 
interwar years. Their legacy is mixed, reflecting the many and varied 
uses to which the sea and air have been put. 

Early displays of artefacts in state-sponsored maritime museums 
often embodied narratives of the European domination of other 
peoples, defining this in terms of the 'civilising' benefits of progress. 
Until the last century, control of overseas dominions depended 
entirely on maritime technologies - at first sailing ships and then the 
steamship, which first emerged as a practical tool for long distances 
from the 1860s. So these vessels, or, more commonly, models of 
them, became symbols ofWestern power. Not surprisingly, early 
maritime museums often betrayed a strong connection with naval 
affairs. A good example is Britain's National Maritime Museum. 
Although the museum did not open in anything like its present form 
until 1937, its origins lay in naval collections dating back to the early 
nineteenth century which had been assembled into a Naval Museum 
in Greenwich in 1873.29 In 1999 the museum tackled this naval­
imperial legacy in a critical manner by mounting an entirely new, and 
somewhat controversial, exhibition based on modern historiography. 

At least one early maritime museum was directed more towards the 
display of state power in a domestic context. The core collection of the 
modern Portuguese National Maritime Museum was founded by the 
monarch as a naval academy and maritime museum in 1863, featuring 
'the archives of glorious relics' - chiefly ceremonial royal barges. 
Despite Portugal's long history as a commercial and naval maritime 
power, this early collection seems to have had little to do directly with 
overseas trade or colonies.3o 

The commemoration of pre-industrial folk customs associated with 
fishing, whaling and other trading activities contrasts sharply with such 
displays of state power. One of the earliest examples in Europe was 
the tiny Museum of Fisheries and Shipping, opened in Hull, England, 
in 1912; it included displays on whaling (a local industry until 1868) 
as well as ship models, marine paintings and navigation instruments. 
Elsewhere, museums at Elsinore, Gothenburg and Stockholm followed 
before the First World War, displaying artefacts drawn from merchant 
shipping, shipbuilding and maritime folklore. 31 In the last 20 years or 
more this kind of museum has grown both in number and popularity, 
reflecting the public's near-insatiable interest in the history of everyday 
life. Now however, museums as often as not commemorate maritime 
activities that were originally carried out on a small scale, were then 
industrialised and are now threatened by economic or environmental 
problems. A British example is the National Fishing Heritage Centre 
at Grimsby. 
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The Vasamuseet in Stockholm (Colour plate 10) suggests what can 
be achieved in communicating about the history of a society through 
maritime artefacts.32 The lilsa was a seventeenth-century warship 
which sank in 1628 and was raised in 1959. The impact of the display, 
which dates from around 1990, is amazing. One enters a relatively 
dark space to be dwarfed by the restored vessel. The ship and the 
achievement represented by its conservation and presentation are at 
first overwhelming. But it is the careful interpretation that continues to 
impress. One can take just so much of the spectacle of this wonderful 
vessel - yet whenever one turns away it is to find another smaller-scale 
but nevertheless engaging display that interprets some aspect of the 
wider story. There is a constant interplay between the object and these 
supporting narratives. The visitor is bounced continually to and fro; 
first captivated by the vessel itself, then turning to a smaller display 
that answers some questions but - at the same time - encourages the 
visitor to return again to the vessel to confirm new knowledge or test 
out learning. 

Like other ship recoveries, the lilsa has yielded up large numbers 
of small objects, each of which contributes through its own fascinating 
story to the wider historical themes of the exhibitions. But the lilsa's 
display offers powerful lessons for other types of transport exhibition. 
Most transport collections include supporting material beyond the 
vehicles themselves, but what is striking about the lilsa's supporting 
displays is partly their variety - some object-rich, some multimedia 
or conventional film, some computer-based interactive. Each, 
however, uses the lilsa and its context to illuminate another aspect of 
seventeenth-century life. And herein lies the real achievement, for the 
visitor leaves with some understanding not just of seventeenth-century 
ships; international politics, mercantile trading patterns, shipbuilding 
skills, life in early modern Stockholm - all are revealed through the 
medium of the lilsa and its supporting material. In so doing, the 
object transcends its reality as a transport artefact and becomes a 
window on the wider world of the past. 

The legacy of early aviation museums offers similar challenges to 
those of the maritime sector. This is scarcely surprising, for after the 
1914-18 war all the major European powers cloaked civil aviation 
with the same mantle of nationalistic and imperial fervour they had 
previously reserved for their naval and merchant marines. National 
flag-carriers - Imperial Airways, Lufthansa and so on - were set 
up partly to resuscitate and prolong empires, and to defend and 
extend national spheres of influence in the European arena. Public 
enthusiasm between the world wars was fired largely through the 
adventure and technology of powered flight: sporting events such as 
speed and endurance trials satisfied the public thirst for spectacle that 
in the previous century had been satiated by exhibitions, expositions 
and museums. 
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This helps to explain why aviation museums did not appear in 
any number until after the Second World War. Nevertheless, by then 
state institutions had already started to commemorate the pioneering 
machines and military forebears of civil powered flight. The Musee 
des Arts et Metiers, for example, had, and still has, Clement Ader's 
extraordinary bat-like machine of 1897, which for very many years 
was displayed as a device that had been successfully flown; the claim 
is now much weaker, but does not entirely abandon French priority in 
this regard. The Musee de l'Air on the south-eastern outskirts of Paris 
(Colour plate 11) was the first institution in the world dedicated to 
the permanent exhibition of aircraft (the Smithsonian Institution had 
opened its first display a year earlier). Its collection goes back to 1919 
and was opened to the public in 1921; the displays were wholly of a 
military nature, although now they embrace the gamut of aviation. 33 

The few private collectors of this period also tended to share the 
wider public interest in military and sporting endeavours. In Britain, 
for instance, the Shuttleworth Collection - started by Shuttleworth 
himself as a purely private venture and opened to the public as his 
memorial after the Second World War - includes many significant, 
and flyable, aircraft dating back to 1909. But ordinary passenger or 
freight carriers, even of small dimensions, are neglected; by way of 
compensation the museum's site, a small aerodrome, happily recalls 
the modest infrastructure needed by all aeroplanes in the 1920s. Since 
the Second World War private societies have set up several aviation 
museums at old airfields, although most of these, at least in Britain, 
have a military orientation.34 

Business interests do not seem to have been involved in the 
early commemoration of flight, and nor are they greatly so today. 
The corporate museum of aircraft is almost unheard of, although 
Boeing has one in the United States. Like industrial-scale shipbuilders, 
aircraft manufacturers do not sell directly to the public (light planes 
aside), while the purchasers - that is, airlines - are unlikely to be 
impressed by the existence of a museum. Of course, experimental 
or prototype aircraft of great technological interest may be donated 
to an appropriate museum, and when there is a strong nationalistic 
dimension then considerable efforts may be expended on displaying 
the artefact. The British prototype of Concorde, a powerful symbol 
in the 1960s of state support for high technology, had in effect a 
new branch of the Science Museum created around it. By contrast 
the Zeppelin Museum, opened in Friedrichshafen, Germany, in 
the mid-1990s, lacked a complete example of its historical subject. 
Nevertheless the museum was sponsored heavily by the modern 
Zeppelin company; perhaps it thought that the airship's niche 
market might grow if the public was made aware of the technology's 
environmental and economic advantages. 35 
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Commercial airlines are no more interested than manufacturers in 
commemorating the history of flight, probably because their markets 
are so dispersed. A museum in anyone country can only appeal to 
a tiny fraction of the international clientele. Even now the minimum 
viable length of haul has fallen to just a couple of hundred miles, 
airlines seem no more convinced than most other modern transport 
operators that money spent on a museum is a worthwhile investment 
in terms of corporate image or memory. However, a few European 
airports - Frankfurt is an example - do have small displays as a 
diversion for waiting passengers.36 It will be interesting to see what 
happens when the aviation industry comes under greater scrutiny 
as issues such as congestion and environmental damage rise up 
the political agenda. Perhaps then European airlines, airports and 
manufacturers will feel that it is in their interests to do more to mark 
the history of commercial flight. 

Concluding remarks 
This essay can do no more than indicate the rich variety in the 
origins of transport museums and their collections (Colour plate 
12). Indeed, there is a good deal of scope for further research in this 
area, and I should not be at all surprised if it reveals an even more 
complex picture than the one sketched here. The main players will 
probably prove to be the same - the state (both national and local), 
businesses, professional groups, private citizens and their enthusiast 
societies - but different and changing historical circumstances have no 
doubt generated myriad forms of cooperation, competition and even 
indifference in the gathering and exhibition of transport artefacts. 

What then of the narratives or stories told through artefacts 
when they are displayed? I have made the perhaps rather obvious 
point that in very broad terms it is possible to see links between the 
kinds of bodies or individuals responsible for museums, the wider 
historical context, and the content of exhibitions. But this needs to be 
qualified. Quite apart from the fact that one will always be able to find 
exceptions to the normal pattern - perhaps a corporate museum that 
gives significant space to the contributions of the labour force - there 
remains the problem that it is very hard, perhaps impossible, to know 
what contemporaries made of what they saw. This is an issue even 
today, for there is little research on what, if anything, modern visitors 
learn from transport exhibitions - the critic might 'read' artefacts one 
way while members of the public do so in another. At the very least 
then, a greater sensitivity is needed towards the needs and desires of 
the 'consumers' of transport exhibitions, past, present and future. 

It is of course impossible to know in advance what such research 
will reveal. Still, it would be surprising indeed if citizens in the 
increasingly sophisticated consumer societies ofWestern Europe did 
not demonstrate a high level of interest in the kinds of choices open 
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to transport users in the past, as well as in those faced by us all as 
we are forced to confront the worsening problems caused by our 
apparently insatiable appetite for transport. If I am right in any of this, 
then transport museums are entering another important phase in their 
evolution; it certainly seems to be the case that new exhibitions are 
incorporating consumer perspectives. The irony is that, whatever its 
origins, when a transport museum succeeds it ceases, in a sense, to be 
a transport museum: it becomes instead a place where transport melds 
with the rest of society and some of the most pressing political issues 
of historical and modern society may be informally debated. 
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Figure 1 The largest of 

the three trade-fair halls 

from 1908. (Deutsches 

Museum) 

Bettina Gundler 

Oeutsches Museum 
Verkehrszentrum: a new museum 
for transport and mobility in Munich 

The Deutsches Museum has been given the opportunity to open 
a new branch on the occasion of its 100th anniversary. Thus it can 
partly solve the problem of restricted space on the museum island 
and expand substantially its treatment of land transport. The city of 
Munich has donated three historical trade-fair halls (about 12,000 
square metres of exhibition space) located in central Munich, 
close to the Oktoberfest grounds (Figures 1 and 2). These three 
halls, built in 1908, were among the earliest Bavarian examples of 
concrete construction and thus played an importanr role in Munich's 
architectural history. They are protected by law as historical buildings 
and are currently being renovated and restored. This renovation 
process is scheduled to be completed in 2005 and is financed by the 
state of Bavaria and the city of Munich. l 

The Verkehrszentrum (transport cenrre) of the Deutsches Museum 
will be opened in stages, starting in 2003. The current land transport 
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exhibitions will be abolished in this process. Most of the objects will 
be moved and redisplayed as part of the new exhibitions in the three 
trade-fair halls. 

The overarching concept is formulated in the 'Vision 2003' report 
of the Deutsches Museum: 2 

• It is designed to be a place of education and information, where 
visitors can learn about both historical developments and current 
topical issues related to transport in all its complexity. 

• It is to be a place of meeting and dialogue, a forum for topical 
discussions, where contemporary witnesses have an opportunity to be 
heard, where lectures are held, and where politicians, scientists and 
planners are invited to give talks and to debate. 

• The exhibitions are considered places for entertainment and 
sensory experience as well as for the exploration of well-known 
and unusual objects. They are to satisfy the hunger for knowledge 
as well as simply to be fun. These goals will be reached through 
a mixed offering of conventional exhibits, animations, interactive 
media, demonstrations, period settings and artistic installations. 
Under current economic circumstances, not all of these goals 
can be reached at once, and indeed some may have to wait for a 
considerable time. 

• Finally, the Verkehrszentrum is designed to 'open a window' through 
which visitors will see contextual backgrounds for the land transport 
collections of the Deutsches Museum. The exhibitions will present 
a comprehensive view of transport history and mobility. They will 
include social and technical systems of transport together with 
important political, economic, social and cultural forces that have led 
to their development. 

The exhibits of the collections - bicycles, cars, coaches, rail vehicles, 
etc. - will thus be presented in contexts which go far beyond tech­
nology. The move to the new branch offers an opportunity to transfer 
the exhibits to a much larger space, where the former strict separation 
along the lines of transport modes can be converted into a system of 
interconnected exhibitions. An integrated presentation will be derived 
from contexts associated with transport and mobility. The development 
and importance of individual means of transport and vehicle categories 
will not be ignored, but the focus will have changed. The individual 
means of transport or the technical object will not be at the centre of 
the presentation, rather attention will be on the historical development 
of transport modes in a network of competing systems, including 
social implications and current perspectives. The main focus will lie 
in the nineteenth and twentieth centuries, in accordance with the 
collections and the special dynamics of history in this period. 
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Figure 2 Architectural 

models of the trade­

fair halls. (Deutsches 

Museum) 

As a first step, the contextualisation of exhibits requires thematic 
rearrangement, which we plan to accomplish with the help of transport 
scenes (a crossing, a square, a platform, a street). Each hall is assigned 
a topic. In this framework, the history of transport vehicles as well as 
the development of systems of transport and mobility can be presented 
as a series of case studies. Furthermore, this allows us to use existing 
collections, a factor of no small importance. 
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Hall 1: urban transport 
The first and largest hall is dedicated to the field of urban transport. 
It deals with transport and mobility in urban agglomerations, their 
economic, political and social causes and the development of public 
transport systems in the nineteenth and twentieth centuries. In the 
centre, a part of the collection will be arranged to represent a highly 
frequented square in the 1950s. From there, sequences of exhibits 
form a time line to the past and the present. In the area around the 
square, important aspects of transport in urban centres are dealt 
with in so-called 'topic islands'. Topics range from the increase in 
commuter traffic and its historical roots to questions of city and traffic 
planning and rescue services. The design of the hall reflects the rhythm 
of urban transport. 

Hall 2: travelling 
The second hall deals with the development of mobility and transport 
technologies from the perspective of travelling and of travellers. 
The exhibits will be grouped around displays of coaches, cars, two­
wheelers and rail vehicles. Two pairs of rails in the middle of the hall 
will run 'in competition' with two parallel 'streets', with each following 
a time line. This exhibition will show how different means of transport 
forged different cultures of travelling; it will also demonstrate that they 
affected mobility behaviour and the perception of the world, space 
and time. The development of railways and the automobile and the 
competition between them will be integral to the thematic treatment. 
The design of the hall will be inspired by the atmosphere of a large 
railway station, to give a suggestion of wanderlust. 

Hall 3: mobility and technology 
The last hall will deal with mobility in a physical sense, from both a 
human and a technical perspective. Starting off with human pleasure 
in movement and acceleration, it will show how people conceived of 
ways to move themselves and their goods in faster, more economical 
or more comfortable ways - from a skate made of bones to the basic 
innovations of rail and road which have revolutionised movement and 
transport in the last 200 years. Towards the end, the corresponding 
reactive developments in vehicle and transport technology and of 
the accelerated growth in mobility will be demonstrated through 
selected examples. It will be suggested that the reactive effects may 
have substantial limiting effects on the urge for mobility in future 
generations. 

In our exhibits we want to appeal not only to those who have a 
special interest in the history and technology of transport, but also to 
reach out to new target groups. We want to attract visitors who are 
interested not only in technical details, but also in the usage, 
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Figure 3 Express lrain
 

S 3/6 of 1912, produced
 

by Maffei, Munich.
 

(Deulsches Museum)
 

further development and interpretational context of technical objects. 3 

We purposely do without a fixed path through the three exhibition 
halls. Instead, we offer our visitors a range of thematic units that 
complement but do not necessarily depend on each other. Variations in 
the themes will show differences in perspectives and interpretations of 
transport developments. 

After this brief presentation of our concept, let us turn to questions 
of special interest to readers of this volume: What is the role of 
artefacts in context-orientated exhibitions? How can they convey our 
messages? To what degree should we use period settings? How can we 
communicate themes and messages without an overdependence on 
photographs and charts and depictions of objects in graphic forms? 

We have a fundamental belief that objects, from the impressively 
huge complete machine to the intriguingly tiny fragment, can be very 
effective as message carriers. Initially we want to try to convey the 
central meaning of our exhibitions by using original objects either 
alone or in special arrangements to tell stories. We will not try to create 
exact historical or technical environments, but rather settings that 
suggest these contexts. 

For example the express train S 3/6 (Figure 3), which is currently 
displayed under 'Locomotives', will in future be shown as a part of a 
railway system carrying passengers and their luggage. It will be seen 
as incorporating special technological advances compared to other 
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locomotives, but also as having been of particular importance in 
regional and cross-regional public transport in the first third of the 
twentieth century (it was, for example, used as a locomotive for the 
'Rheingoldexpress'). Another example is the presentation of objects 
together with elements of the physical infrastructure, for instance, a 
train on tracks, with overhead cables and a station platform. In similar 
ways, equipping vehicles with luggage, goods and accessories from a 
specific time period will show the nature of its use, the era it was used 
in and the status of its users. These are, of course, not new methods 
of presentation in the museum world, but they are departures from 
the way exhibits on transport have been displayed in the Deutsches 
Museum. 

Other exhibits describe the composition of traffic and the 
competition between methods of transport in specific time periods. 
The most important example of this is the 'Place and crossroads' scene 
in the 'Stadtverkehr' (city traffic) hall. The exhibits will be designed 
to suggest a congested area in the 1950s, the beginning of mass 
motorisation in Germany. The selection of vehicles - from bicycles, 
horse-drawn carriages, vans, two-wheelers, small cars and taxis of an 
earlier period, through trams from the late 1930s and luxury vehicles 
from the 1950s - will illustrate the composition of inner-city traffic 
in Germany during the postwar years and the broad spectrum of 
vehicles that filled the streets during the take-off phase of German 
mass motorisation. It permits conclusions about vehicles and the 
various vehicle types that this form of motorisation featured, and it also 
illustrates the different consumption patterns of the various road users. 

This setting will portray the density of city traffic and show how 
shortage in capacity is a constantly recurring phenomenon, something 
that experts will recognise from their experience with both public and 
private transport systems. The display will highlight strengthening 
competition between public and private transport systems since the 
1960s and the decline of trams as the 'automobile community' took 
shape. This historical representation will be contrasted with personal 
observations of current city traffic patterns, thus posing questions 
about further development (including city planning, changes in traffic 
volume and street capacity, effects of increasing use of the automobile 
on public transport, consequences for the environment, etc.). 
Certainly, not all visitors will comprehend the full spectrum of these 
messages. But the setting will offer a good starting point from which to 
deal with individual problems presented on the adjacent theme islands. 

The displays of the Verkehrszentrum will depict objects from the 
various exhibition areas in different manners, in classical museum 
fashion: as unique icons, or as representative pieces that provide 
historically valuable information about a particular technology. But 
at the same time, many vehicles in our collection are representatives 
of general transport and mobility history, suitable to assist in 
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telling broader stories. For example, from Switzerland we have the 
'Pilatusbahn', as well as the 'Krokodil' from the Rhaetische Bahn, 
which includes a saloon wagon. In the exhibition we plan to have these 
vehicles tell the story of the development of transport in the alpine 
mountain region at a time of high tourism at the beginning of the 
twentieth century. They will be set in context by using background 
pictures, platforms and travel accessories. Other objects, such as a 
VW transporter, modified as a camping wagon and used by a German 
couple who travelled the world in the 1970s, present little stories; 
when put together, they will display the larger picture of the mobility 
culture of the last 200 years. 

Relationships within exhibits will find creative expression in various 
ways: sometimes single objects will be emphasised, in other cases the 
objects will fuse with their surroundings, as in the above-mentioned 
scene. As the development of our ideas continues, additional choices 
will be made concerning the selection of objects and the context of 
their placement. This will be a complex process, involving reinter­
pretation of items currently on display as well as research on objects in 
storage. 

The attempt to create a context-oriented exhibition of course 
includes new criteria for our collection policy, because the choices 
made in days gone by were focused more on technical characteristics 
and less on cultural aspects. We plan to broaden the collections by 
considering the specific needs of the Verkehrszentrum. Thus the 
locomotive collection will be complemented by travel carriages and 
the collection of street vehicles enhanced by adding mass-produced 
examples (including both two-wheelers and automobiles). Besides 
that, we are making an effort to expand our collections to include 
more objects related to public transport and to alternative energy. 
In addition to technical artefacts, we will pay more attention to objects 
which illustrate the sociocultural dimension of transport and mobility, 
including toys, tourist souvenirs, accessories, works of art, and objects 
that support exhibition themes. 

Additional techniques are being planned which will illustrate 
in dramatic fashion some of the tensions inherent in our subject. 
An example is what we call an 'infrastructure cube', planned for 
the city traffic hall. It will take as its theme the underground traffic 
and communications network. One side of this large cube will be 
painted to represent a cross-section of space above and below street 
level, as if we had sliced through cars, concrete, cables, pipes and 
a subway tunnel. The sides of the cube will provide space for other 
visual information. The inside of the cube is designed to be accessible 
and will accommodate a showroom where themes related to the 
infrastructure of underground transport can be developed in detail. 

As we only have limited funds for scenery and multimedia 
equipment during the first stage, we will rely on classical techniques, 
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using photographs, graphics and motion pictures. Large pictures, 
especially moving pictures, are especially effective in bringing exhibits 
to life and engaging the attention of visitors. We expect to make 
extensive use of documentary films. 

The rather restrained media effort has the salutary effect of being 
consistent with our overall thesis. In our view, museum exhibitions 
- in contrast to theme parks - must now more than ever focus on 
those treasures which can only be found in a museum: the artefacts. 
In the concept of the Verkehrszentrum, the various media and 
demonstrations are meant to have an additive, supporting, partly 
theme-referring, partly exhibit-referring function. The graphics, videos 
and computer games will enhance and give additional meaning to the 
machines. 

In conclusion, we must consider how to create a balance between 
unbounded (and potentially meaningless) context versus narrowly 
construed (and interesting to only a few) technology (something that 
is also discussed by William Withuhn4). The concept of the traffic 
centre endeavours to solve this dilemma by combining the classical 
museum with a thematic approach, using an abundance of artefacts 
in conjunction with a number of techniques through which the visitor 
will have the opportunity to delve deeper into themes. Subsequent 
visitor-evaluation surveys will show us if this attempt is feasible and 
where we can make improvements. The step-by-step process by which 
we are developing the museum will provide us with the opportunity to 
make these changes. 

Notes and references 
1 In 2001 state and city approved a total sum of around €50 million. Close to 80 

per cent of this sum is allocated to restoration of the three halls; the rest is for 

the interior architecture and exhibition project. In the future we plan to raise 

an additional sum of around €1.5 million from private partners, partly through 

in-kind contributions. 

2 'Vision 2003. Grundsatzprogramm' (Munich: Deutsches Museum,
 

1995); 'Grundkonzept flir das Deutsche Museum Verkehrszentrum.
 

Zusammenfassung der Grundgedanken und konzeptionelle LeitIinien'
 

(Munich: Deutsches Museum, 1998, published 2001).
 

3	 The results of a research project dealing with visitors' interests confirm this
 

approach in general and show differences between special target groups
 

(e.g. male and female). See Klein, H-J et aI., 'Go West. Die Besucher des 

Deutschen Museums und ihre Meinungen tiber das Neue Verkehrszentrum' 

(Karlsruhe: 2000), pp29, 70f. 

4 See ppI67-72. 

166 



Bill Withuhn 

Artefacts at the Smithsonian: a 
new long-term exhibition on the 
history of transport systems 

Exhibit planners know that only a small fragment of their potential 
audiences have an intrinsic interest in specialised subjects - such as 
transport or transport systems. Automobile enthusiasts, for example, 
may come in sizable numbers to traditional automotive museums, 
but a very large part of the public ignores such institutions. Adding 
historical, cultural or other context is seen as the high road both to 
reaching larger audiences and to furthering a museum's educational 
mission. 

Adding context, however, is a tricky business. A didactic overlay 
of 'system' incorporated in an exhibit of transport history may add 
cohesiveness but is likely to appeal to the same technologically inclined 
audiences that would have patronised the museum in any case. Taking 
other approaches that might be loosely tied to 'system', an auto 
museum may attempt to broaden its audience by treating automotive 
design or, as has frequently been done, by offering overt connections 
to nostalgia. 'Cars of the 1950s', with period advertising and 'road 
culture' included, may bring in new visitors for a while, but what of all 
those antique cars and their infrastructure beyond the direct memory 
of most people today? Appeals to nostalgia are inherently limiting, 
since they depend on visitors bringing into the museum an interpretive 
frame based on personal memory. Albeit powerful for some of us, the 
memories of one generation are not shared in the same way by people 
in different age groups, and such memories are simply not shared at all 
by people of different backgrounds. As to the concept of 'system', the 
problem is that it is in many ways an abstraction, and one obviously 
difficult to convey in a museum setting, with objects artificially excised 
from the complex interrelationships of which they were once a part. 

In the mid-1990s, the Smithsonian's National Museum of American 
History (NMAH) began to take seriously the idea of renovating its 
existing halls devoted to road and rail transport - some 21,000 square 
feet of space. These areas had not been significantly altered since the 
museum opened in 1964 and desperately cried out for a 'contextual 
reinterpretation' and for rethinking in terms of historical transport 
systems. A breakthrough was an appropriation from the US Congress 
in 1998 for $3 million, which could be applied to building, caring for 
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and exhibiting NMAH's transportation collections. Since that time, 
a team of 15 curators and specialists has been assembled, designers 
have been contracted, exhibit content and floor plan have been created 
and vetted, and an additional $21 million has been raised from private 
corporations and trade groups to complete the required funding. 

A word should be said about sources of funding, since it contrasts 
so dramatically with the usual European experience. With very rare 
exceptions, government money has not supported major exhibitions 
at NMAH since 1983; private funds have been essential. The explicit 
agreement with Congressional appropriators in the present case 
was that the $3 million, if applied to an exhibition, was a 'public 
down payment' against which the museum would raise funds from 
the private sector; no other federal support would be forthcoming. 
The initial federal backing proved crucial to the fundraising strategy 
in two ways: firstly, by allowing the museum time to set the exhibit's 
themes, storyline, content, floor plan and budget well before other 
fundraising began, and secondly, by investing the project with the 
institutional commitment needed to attract serious interest from 
potential contributors. 

After some five years of work, the interpretive approach taken by 
the NMAH team (and it is very much a team collaboration) combines 
the following: 

Upgrade of the maritime hall 
A major upgrade of the adjacent maritime hall is planned, while 
merging into one space the existing road and rail halls, together with a 
portion of the existing civil engineering hall. The area currently under 
renovation is over 26,000 square feet. 

Land and maritime time lines 
The time line of the revised but separate maritime hall, c. 1600-2000, 
is quite different from the time line of the land transport exhibition, 
which is set at 1876-2000, based primarily on the strengths of our 
collections. The year 1876 is also the centenary of the United States 
and so gives a convenient starting point for what we are interpreting 
in the land transport exhibition as primarily a twentieth-century story 
(other planned or existing exhibitions at NMAH cover aspects of pre­
1876 transport). The land and maritime time lines, though separated 
for the visitor, come together in key ways: for example, the land and 
maritime exhibitions each include at least two historical treatments of 
ports. The idea of 'system' is front-and-centre in these treatments. 

Historical 'settings' 
Time lines are divided into more or less immersive and discrete 
historical 'settings'. Each setting has an explicit time, place and 
limited set of themes. Wherever possible, each setting has one or a 
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few central artefacts that fit precisely into the chosen time and locale. 
For instance, the first section of the land transport exhibition begins 
in the summer of 1876, in Santa Cruz, California. The themes are: 
the expectations in small American towns of the era that a railroad 
would ensure prosperity, the important new connections of mobility 
and commerce that were created, the unintended consequences 
that often ensued, and the great transformation in agriculture and 
agricultural distribution that railroads brought to the western US 
- and by extension to the entire country - during the final quarter of 
the nineteenth century. The central artefact is our locomotive Jupiter 
- which was built and delivered to the Santa Cruz Railroad in 1876. 
The themes are explicated by actual people and events: promoters of 
the railroad, Chinese who built the tracks and tended the new crops 
that came to the region, and the painful denouement of the railroad 
- founded as an independent line but taken over in a few years by the 
corporate colossus, the transcontinental Southern Pacific. Note that 
'system' is an undercurrent throughout, but system in terms of the 
role of the railroad in changing human relationships. The story told of 
Jupiter is not its engineering details, nor its minor place in locomotive 
development, but its place in a much larger set of interconnected 
changes that directly altered lives. The Santa Cruz Railroad becomes 
a 'case study' that illuminates significant, nationwide themes of late­
nineteenth-century economic and social history in the US. 

Overlapping transport modes 
All modes of transport - land, water; road, rail; public, private; horse­
drawn, self-propelled - are included as overlapping and organic to an 
overall story of change in personal mobility and in the distribution 
and consumption of goods. For the first time at the Smithsonian, the 
story of transportation is given a central place in American history. 
To the team, it is a matter of 'following the travelers, the migrants, 
the immigrants, the commuters, and the stuff people produce and 
consume' rather than following the vehicles. The main idea is to reveal 
the ways in which Americans have chosen and built their transport 
systems and thus have changed their society. 

Other settings 
Other specific settings - each telling of nationwide trends - include: 

• Washington DC at the turn of the twentieth century, with the 
impact of the trolley on urban and suburban development (an 1890s 
Washington streetcar is the central object) and the transition in 
urban diets as food distribution expands from regional to nationwide 
patterns 

• New York city in 1920, with a look at aids to navigation in a busy 
port, and the growth of New York into a colossus of finance, 
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manufacturing and marketing, while continuing to attract
 
immigration
 

• a railway station in Salisbury, North Carolina, in the late 1920s, with 
a heavy Pacific-type locomotive of the Southern Railway of 1926 
as the centrepiece - and with stories of travellers, of workers on 
passenger and freight trains, of the Jim Crow segregation1 endemic 
to travel in the American South during that time, and illustrating the 
dependence of the nation's manufacturing, commercial distribution, 
and long-distance travel on the rail system 

• a suite of exhibits on Americans' early adoption of the automobile 

• a section on US Route 66 (complete with almost 50 feet of the 
highway's original concrete pavement from Oklahoma), the fabled 
road that connected Chicago with Los Angeles and in the Great 
Depression of the 1930s carried both migrants and increasing truck 
traffic 

• a tourist cabin from US Route 1 in Maryland 

• family tourism and camping by 'Trav-L-Coach' (i.e. caravan) at a 
vacation spot in Maine 

• a	 1939 school bus from Indiana and the transformation of rural 
education 

• the new-car showroom of an actual Buick dealer in Portland, 
Oregon, in 1949, with a night-time street scene of a Portland 'strip' 
and a selection of late-1940s/early-1950s autos in the background 

• the postwar Chicago suburb of Park Forest, Illinois, in 1955, 
followed by a large section on how expressways, buses, transit 
systems, and airport location decisions changed Chicago itself in 
the 1950s and 1960s (a walk-in exhibit of a recently retired Chicago 
transit car and on-board interpretation is featured) 

• the story of containerisation and the ensuing radical changes to the
 
ports of Oakland and San Francisco.
 

• two lanes of Interstate highway across the US South and Southwest 
in the 1970s-1980s (complete with a heavy freight truck and a 
variety of domestic- and foreign-built cars), with stories of truckers 
and tourists 

The final section, 'Going Global', takes all the intertwined themes 
into the beginning of the twenty-first century - into our present 
world where systems of transport, personal mobility, communications, 
commerce, distribution, consumption, finance and marketing are truly 
international and inseparable. 
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A basic principle of museum design, we feel, is that visitors have 
a definite hierarchy of attraction regarding exhibit presentations. 
A museum is not a place conducive to deep intellectual enquiry. 
One is on one's feet, time is limited, and most visitors come in social 
or family groups. A museum's unique stock in trade is the genuine 
artefact. To tell meaningful stories with artefacts is the challenge. 

Of least interest to museum visitors are abstractions, such as those 
we often try to convey with didactic labels. Of greater interest are 
subjects that meet a visitor's special interests. But such subjects, even 
with glitzy design, do not appeal to the majority who do not share 
those interests. One can imagine other steps ascending an 'interest 
hierarchy'. In transport museums, we know that big items (locomotives 
and airplanes, for example) can inspire awe. But that is usually all 
they do; the interest of most visitors is ephemeral. 'Interactive' exhibits 
are in fashion, and they appeal to both our sense of curiosity and our 
desire to take control of our learning activities. 

Near the top of the hierarchy, I would argue, are exhibits in which 
stories of people are the touchstone. That is because all of us, as 
people, are innately interested in well-told stories of fellow human 
beings, especially in people with whom we can share some connection. 
At the peak of the hierarchy are stories of real and often ordinary 
individuals: every newspaper reporter knows this to be true. A story of 
a disaster, for example, may start with the simple facts: what, where, 
when, how serious. But within a few paragraphs, the reporter weaves 
in reactions and stories of individuals involved. Meaning is thus given, 
and the reader is absorbed in the story, seeking to discover how people 
dealt with the experiences described. 

The team has thus chosen to convey most of the exhibition's 
content through human stories. Stories of migrants, promoters, 
workers, and travellers occur throughout. A story of Jim Crow is 
an example: Charlotte Hawkins Brown was a well-known African­
American educator who frequently travelled through Salisbury, North 
Carolina, in the mid-1920s. Earlier in the decade, at a station in a 
different city, she was summarily evicted from her seat in a Pullman 
car by a gang of toughs who invaded the train; the Pullman Company 
officer aboard took no action to defend her rights. She later talked 
about her experience in lectures. We have her own words, and visitors 
to the new exhibition will meet Dr Brown and encounter Jim Crow 
through her eyes. 

Added together, the team believes that the specific settings, artefacts 
and stories we have chosen add up to a provocative journey through a 
vital part of modern American social history. Our working definition 
of 'system' is stretched to include the places of our artefacts in sets 
of complex and dynamic human relationships. When the exhibition, 
called 'America on the Move', opens as scheduled for fall of 2003, our 
visitors will render a verdict. 
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Notes and references 
1 Jim Crow was the common term for the legally enforced system of racial 

segregation in public accommodations in the southern and southeastern states 

of the US from the late nineteenth century until the mid-1960s. 

Afterword 
The new exhibition, entitled 'America on the Move', opens to the 
public on 22 November 2003. This is the largest exhibition to be 
mounted under a single banner in the history of NMAH, and occupies 
the full width of the east end of the museum's first floor. The design 
of the exhibition permits full access by unaccompanied persons in 
wheelchairs, and provisions are included for the sight- and hearing­
impaired. An extensive Website open to all, as well as an education 
package for secondary schools, are part of the project. 'America on the 
Move' will remain open in the museum for a minimum of 20 years, 
with occasional refurbishments as budgets allow. 
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Verkehrshaus der Schweiz: 
Switzerland's different transport 
Imuseum' 

The Verkehrshaus: a special case 
'Verkehrshaus' means 'house of transport', not 'museum of transport'. 
This small difference serves to define a different kind of institution: 
one that is a learning place with a leisurely atmosphere, where 
entertainment and enjoyment are permitted; one that focuses on 
the joy in watching and experiencing, and fosters curiosity for the 
unknown. A look back into history can explain this special case. 

In 1897 a member of staff of the Jungfrau Railway Corporation 
sent out a call to all railway enterprises and 'interested circles' that 
they should keep historical material and provide public access to it. 
He stressed the pioneering role of the Swiss in building mountain 
railways. In 1902, the Society of Graduates from the Zurich 
Polytechnic University sent out a similar call. Neither initiative led 
to any further steps, and even the founding of the Swiss National 
Museum (Landesmuseum) in 1898 had no positive impact on the 
development of a transport museum. 

Then, at the national exhibition in Bern in 1914, there were 
numerous exhibits of both contemporary and historical objects. Many 
of the rail-related items found their way into the museum of the Swiss 
Federal Railways, which was installed in the Zurich freight station in 
1918. 

The creation of a true transport museum can be said to have had 
its beginnings in the planning of the national exhibition of 1939 in 
Zurich. Corresponding museums in Budapest, Nuremberg, Berlin, 
Munich and Vienna were cited as examples. However, it is worth 
noting that R Cottier - Director of the Swiss Federal Railways, first 
President of the Verkehrshaus der Schweiz foundation, and the author 
of a letter promoting the idea of a transport museum - mentioned that 
none of the foreign museums devoted itself to all means of transport. 
Thus, the creation of a Swiss transport museum incorporating all areas 
of transport would mean something completely new in Europe. 

Profits from the national exhibition were used to set up an office 
charged with making plans for the railway museum, and the engineer 
E Fontanellaz was appointed as executive officer. He made an initial 
sketch of the future transport museum: one building for each means 
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of transport, interconnected by roofed corridors and with a central 
entrance. At the same time he had in mind two museums which 
were to influence the later Verkehrshaus: the Museum of Science 
and Industry in New York, which he called a 'hands-on' museum 
with all its buttons, films and models; and the Children's Gallery at 
the Science Museum in London, which had artificial rainbows and 
numerous light effects that made a strong impression on him. 

On 27 February 1942 the 'Verkehrshaus der Schweiz' foundation 
came into being; in 1950 it moved to Lucerne, where it was given a 
building and grounds by the city authority in 1954. 

The Verkehrshaus as a forerunner of science centres in Europe 
On 1 July 1959 the museum was opened, nearly two years later than 
originally planned (Figures 1 and 2). The first Director, Alfred Waldis, 
who combined great enthusiasm for the topic with a fine feeling for 
public relations and the needs of the visitor, was responsible for an 
unprecedented construction phase, which resulted in a substantial 
increase in the museum's size. 

Waldis's approach, incorporating texts in four languages, covering 
topics from local to global perspectives (planetarium, space travel) and 
employing numerous hands-on exhibits, helped to promote in Europe 
a new, Anglo-American style of museum and made the Verkehrshaus a 
forerunner of modern science centres. The focus on visitors' interests, 
the professional work by exhibition architects and designers, and good 
public relations efforts with the help of prominent persons from the 
transport field, added to the growing popularity of the museum. 

There was a conference building dedicated to providing a forum for 
discussion of contemporary events, and spaces for special exhibitions 
on topical issues and multimedia presentations. The first large 
planetarium in Switzerland (1969), a multimedia show on the history 
of space travel (Cosmorama, 1972), the 'round' Swissorama cinema 
(1984) and the IMAX theatre (1996) can be seen as continuing 
efforts to incorporate the latest communications technologies into the 
museum complex. 

The scope of many of these installations went far beyond the 
borders of canton or country, which was unusual for museums and 
collections in Switzerland. This was due in large part to the subject 
matter, which included mass motorisation and the rise of international 
aviation in the postwar period - a period which saw an opening 
towards foreign countries previously unknown, a kind of 'globalisation' 
focusing on the Western world. The topics covered by the Verkehrshaus 
were thus of great interest to a wide public for many years. 

Unfortunately, the objects that served as hands-on teaching 
examples suffered as a result of the large number of visitors (120,000 
in 1959, 700,000 in 1982 and since then an average of 500,000 per 
annum). Some objects were removed from exhibition; others were 
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the three existing halls with a 'classical' type of railway exhibition 
and, second, an opportunity for visitors to go on a train ride into the 
construction site of the St Gothard tunnel in 1875 (made possible by 
offering a vivid experience based on a thrilling yet historically accurate 
story). 

The division of the exhibition into two parts makes it possible 
to address a large potential audience. The footbridge not only gives 
an overview and assists orientation, but also allows an unusual 
perspective on the vehicles, including both their interiors and their 
roofs. Furthermore, the show enables visitors to identify with human 
experiences and to find out more about tunnel construction, life in 
the mountain village of G6schenen and the political and economical 
context. The original drilling machines, stone samples and a theodolite 
give additional authenticity to the mise en scene. 

Novel approaches were used as well for the newly designed 
exhibition Cosmorama, which opened in 1999, 30 years after the first 
moon landing. Crewed space flight was relatively new in 1972, at the 
initial opening of the exhibition. The few objects on display, mostly 
borrowed from the National Air and Space Museum in Washington, 
were of great interest to visitors at that time. By 1999 this interest 
had significantly diminished; the collection had grown hardly at all, 
and many exhibits had to be returned. On behalf of the Verkehrshaus, 
the ethnologist Jacqueline Milliet conceptualised an exhibition on 
the theme 'Life in Space'. It aimed to attract a wide, predominantly 
young audience and thus offered something different in terms of the 
media used, going beyond the existing IMAX theatre, planetarium and 
Gothard tunnel show. 

The 700-square-metre exhibition is divided into three sections. 
The first deals with weightlessness in space in a playful way. The 
middle section of Cosmorama takes visitors on a journey to a 
mysterious asteroid field using video and laser effects. In the third 
section, authentic artefacts together with replicas and models illustrate 
the history of space flight and its significance for propaganda and 
international cooperation. In some showcases, Swiss companies 
present their latest contributions to space flight. 

The ethnological approach mainly focuses on the effects of the 
exploration of space on human perceptions. This means that new and 
unexpected artefacts can be included. In the entrance section, for 
example, a reconstruction of the European ISS research laboratory 
Columbus is placed beside a children's merry-go-round. This 
unexpected exhibit can be seen as a perfect 'simulator' for space 
sickness. 

The exhibition was designed as a succession of rooms which serve 
as exhibits by themselves. In the entrance, the visitor passes on an 
escalator through a familiar, homely environment: a bookshelf, a table 
and kitchen furniture arranged in a seemingly weightless and chaotic 
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way, which introduces the concept of 'zero' gravity in space. Thus it 
becomes indirectly clear why sleeping areas and work stations in the 
space station are located under the roof and along the walls. 

In the department of space archaeology the storage facilities in the 
museum's basement are integrated into the exhibitions. The attraction 
of storage facilities as an area usually not accessible to visitors and the 
desire to put on display as much as possible are thereby combined. 
Visitors can follow the traces of 30 years of space history, from a 
replica of Sputnik 1 to the Mercury space module and to the solar 
wind experiment by the University of Bern. 

In the mausoleum, six spacesuits (originals and replicas) are 
displayed horizontally in individual niches (Colour plate 13). They 
suggest the architecture of a burial ground or of paintings of the 
Italian Renaissance, thus oscillating between tradition and provocation, 
between a reverence of heroes and a questioning of our relationships 
to the heroes of space travel. The spacesuits are viewed individually 
through small windows, instead of in a classical showcase, which limits 
access but at the same time increases attention. 

In the rooms of the old Cosmorama a laser contact show is 
combined with a science-fiction video in six interactive sequences. 
Visitors can influence the action with the help of a programmable laser 
pointer, answering questions or 'destroying' space waste. 

Apart from the conventional labels, quotations from prominent 
persons and astronauts about the history of space flight are displayed, 
close to specific objects or object groups. Visitors can quickly become 
acquainted with new and different contexts by reading just a few of 
these labels. 

Balloons have often been used as an attraction in exhibitions. 
Modern materials and the use of helium now make possible long-term 
economical operation. The beautiful panorama of the Verkehrshaus, 
the city of Lucerne and the Vierwaldstatter lake, together with the view 
of the Alps of central Switzerland, constitute a perfect reason for the 
installation of such a tethered balloon as landmark and live experience. 
It is a special attraction in good weather, a time when visitors 
ordinarily avoid museums. After a postponement of the project due 
to local opposition, Hiflyer began operation in 2000. The distinctive 
white globe attracts tourists from the nearby city and provides extra 
fun for visitors. 

Between vision and reality: the concept of 'Verkehrshaus 2002' 
In preparation for the new road transport hall, an architectural contest 
was announced in 1999. The existing structure, built in 1959 
(Figure 4), can no longer deal with the dramatically increased 
importance of road transport and will therefore be replaced by a larger 
new building. The winning architects, Gigon & Guyer (Zurich) have 
proposed a city development concept with several themed buildings 
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Significant museums with relevant collections
 

Inland transport 
Automobile and Road Museum - Mobilia, 

Kangasala, Finland 
Automobile Museum, Belgrade, Yugoslavia 
Auto Museum Wolfsburg, Germany 
Auto & Technik Museum, Sinsheim, Germany 
Baltimore and Ohio Railroad Museum, Baltimore, 

MD, USA 
BMW Museum, Munich, Germany 
Brooklands Museum, Weybridge, UK 
California State Railroad Museum, Sacramento, CA, 

USA 
Chemin de fer Musee Blonay-Chamby, Lausanne, 

Switzerland 
DB Museum im Verkehrsmuseum Niirnberg, 

Germany 
Deutsches Museum, Munich, Germany 
Deutsches Technikmuseum Berlin, Germany 
DSB Jernbanemuseet, Odense, Denmark 
Finnish Railway Museum, Hyvinkiiii, Finland 
Finnish Road Museum, Helsinki, Finland 
Fundaci6 Museu del Transport, Castellar de N'Hug, 

Spain 
Fiirst Thurn & Taxis - Marstall Museum, 

Regensburg, Germany 
Heidelberg Motor Museum, South Africa 
Henry Ford Museum and Greenfield Village, 

Dearborn, MI, USA 
Heritage Motor Centre, Gaydon, UK 
Kozlekedesi Muzeum Budapest, Hungary 
Landesmuseum rur Technik und Arbeit, Mannheim, 

Germany 
Leonardo da Vinci Museum, Milan, Italy 
London's Transport Museum, UK 
Marcus Wallenberg Hallen, Sodertiilje, Sweden 
Mercedes-Benz Museum, Stuttgart, Germany 
Modern Transportation Museum, Osaka, Japan 
Motor-Museum-Ohringen, Germany 
Musee des Arts et Metiers, Paris, France 
Musee des Transports Urbains, Colombes, France 
Musee Francais du Chemin de Fer, Mulhouse, 

France 
Musee National de I'Automobile, Mulhouse, France 
Musee National de la Voiture et du Tourisme, 

Compiegne, France 
Museo del Ejercito de Madrid, Spain 
Museo del Ferrocarril, Madrid, Spain 
Museo Nazionale Ferroviario, Naples, Italy 
Museo Vasco del Ferrocarril, Azpeitia, Spain 

Museum rur Hamburgische Geschichte, Hamburg, 
Germany 

Museum of Applied Arts & Sciences, Powerhouse 
Museum, Haymarket, NSW, Australia 

Museum of British Road Transport, Coventry 
Museum ofTransport, Glasgow, UK 
Museum ofTransport & Technology, Auckland, New 

Zealand 
Museum ofTransportation, St Louis, MO, USA 
Museum van de Belgische Spoorwegen, Brussels, 

Belgium 
Museu Nacional dos Coches, Lisbon, Portugal 
National Motorcycle Museum, Birmingham, UK 
National Motor Museum, Beaulieu, UK 
National Motor Museum, Birdwood, SA, Australia 
National Museum of American History, Smithsonian 

Institution, Washington DC, USA 
National Museum of Iceland, Reykjavik 
National Museum of Science & Technology, Ottawa, 

Ont., Canada 
National Rail Museum, New Delhi, India 
National Railway Museum, York, UK 
National Tramway Museum, Crich, UK 
National Waterways Museum, Ellesmere Port, 

Gloucester and Stoke Bruerne, UK 
New South Wales State Rail Museum, Thirlmere, 

Australia 
New York Transit Museum, Brooklyn, NY, USA 
Norrbottens Jiirnviigsmuseum, Lulea, Sweden 
Norsk Jernbanemuseum, Hamar, Norway 
Norsk Vegmuseum, Faberg, Norway 
North Carolina Transportation Museum, Spencer, 

USA 
Ofoten Museum, Narvik, Norway 
Petersen Automotive Museum, Los Angeles, CA, 

USA 
Porsche Museum, Stuttgart, Germany 
Postal Museum of the Republic of China, Taipei, 

Taiwan 
Postimuseo, Helsinki, Finland 
Queensland Railways Historical Centre, Ipswich, Qld, 

Australia 
Railroad Museum of Pennsylvania, Strasburg, USA 
Riga Motor Museum, Latvia 
Sam Tung Uk Museum - Hong Kong Railway 

Museum 
Science Museum, London, UK 
Seashore Trolley Museum, Kennebunkport, ME, USA 
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Significant museums 

Sparvagsmuseet i Stockholm, Sweden 
STEAM - Museum of the Great Western Railway, 

Swindon, UK 
Stichting Nederlands Spoorweg Museum, Utrecht, 

Netherlands 
Sveriges Jarnvagsmuseum, Gavle, Sweden 
Toyota Automobile Museum, Aichi, Japan 

Aviation 
Aeronautical Memorial Park, Tokyo, Japan 
American Helicopter Museum and Education Center, 

West Chester, PA, USA 
Aviodome - National Luchtvaart Museum, Schiphol, 

Netherlands 
Brooklands Museum, Weybridge, UK 
Central Finland Aviation Museum, Tikkakoski 
Deutsches Technikrnuseum Berlin, Germany 
FirstWing Historical Centre, Beauvechain, Belgium 
Fleet Air Arm Museum, Yeovilton, UK 
Flygvapenmuseum, Link6ping, Sweden 
Imperial War Museum Duxford, Cambridge, UK 
Kalamazoo Aviation History Museum, MI, USA 
K6zlekedesi Muzeum Budapest, Hungary 
Lone Star Flight Museum, Galveston, TX, USA 
Mag. Repulest6rteneti Muzeum Alapitvany, Szolnok, 

Hungary 
Musee de l'Air et de l'Espace, Le Bourget, France 
Musee J A Bombardier, Valcourt, Que., Canada 
Musee Royal de l'Armee et d'Histoire Militaire, 

Brussels, Belgium 
Museo Aeronautico Gianni Caproni, Milan, Italy 

Maritime 
Altonaer Museum in Hamburg, Germany 
Australian National Maritime Museum, Sydney, 

NSW 
Bangsbo Museet, Frederikshavn, Denmark 
Bergens Sjofartsmuseum, Bergen, Norway 
Eesti Meremuuseum, Tallin, Estonia 
Eibschifffahrtsmuseum Stadt Lauenburg, Lauenberg, 

Germany 
Handels-og Sofartsmuseet pa Kronborg, Helsingor, 

Denmark 
Maritiem Museum Rotterdam, Netherlands 
Museu de Marinha, Lisbon, Portugal 
Museu Maritimo de Macau, China 

Tramsmusee, Luxembourg
 
Tyrwhitt-Drake Museum of Carriages, Maidstone,
 

UK 
Ulster Folk and Transport Museum, Cultra, UK 
Verkehrshaus der Schweiz, Lucerne, Switzerland 
Verkehrsmuseum Dresden, Germany 

Museu do Ar, Alverca, Portugal 
Museum of Flight, Seattle, WA, USA 
National Air and Space Museum, Smithsonian 

Institution, Washington DC, USA 
National Museum of Science & Technology, Ottawa, 

Ont., Canada 
Pima Air & Space Museum, Tucson, AZ, USA 
RAAF Museum, Point Cook, Vic., Australia 
Royal Air Force Museum, London, UK 
Royal Netherlands Military Aviation Museum, 

Soesterberg, Netherlands 
Science Museum, London, UK 
Shuttleworth Collection, nr Biggleswade, UK 
US Air Force Museum, Dayton, OH, USA 
Verkehrshaus der Schweiz, Lucerne, Switzerland 
Western Canada Aviation Museum, Winnipeg, Man., 

Canada 
Wings Over Rockies Air & Space Museum, 

Greenwood Village, CO, USA 
Yanks Air Museum, Chino, CA, USA 
Zeppelin Museum, Friedrichshafen, Germany 

Museum fur Hamburgische Geschichte, Hamburg, 
Germany 

Mystic Seaport, CT, USA 
National Fishing Heritage Centre, Grimsby, UK 
National Maritime Museum, London, UK 
National Museum of American History, Smithsonian 

Institution, Washington DC, USA 
Norsk Sjofartsmuseum, Oslo, Norway 
Science Museum, London, UK 
Tamkang University Maritime Museum, Taipei 

Hsien, Taiwan 
Vasamuseet, Stockholm, Sweden 
Verkehrshaus der Schweiz, Lucerne, Switzerland 

183 



Index
 

Page numbers in italics refer to 
illustrations. 

Accumulatorenfabrik AG (AFA) 23,
 
24,25,26
 

Ader, Clement 154
 
aero-engine industry, American
 

1930--45: 84-6
 
late 1940s and 1950s 93
 

alternative technologies,
 
interactions 19-21
 

Armstrong-Siddeley 87, 124
 
Sapphire engine 86, 90, 93
 

artefacts, interpretation and
 
display 2, 57, 59 see also exhibits,
 
adding context
 

artefacts, technical and performance
 
characteristics 20
 

artefacts and processes, interacting,
 
functional transfer between 22
 

automobile see also 'car' entries
 
'archaeology' 17
 
structure as abstraction 18, 19
 
systems, hierarchical
 
classification 16-18
 

aviation museums 153-5
 
Avro Vulcan 123
 

BAC/Aerospatiale Concorde 126,
 
154
 

baneries
 
alkaline 24,25,26,27,37
 
Exide 25-6
 
grid-plate 23-4
 
interaction among alternatives
 

22-7
 
Ironclad 27
 
lead 15,16,22-4,26-7
 
Phenix 26
 
tubular-plate 26-7
 

battery technology, scheme for
 
'artefactual whole' in early
 
vehicles 28
 

Bedford, National Aeronautical
 
Establishment 103, 106, 115
 
wind tunnel 107,107
 

Bell Airacomet XP-59: 86
 
Blue Steel missile 125, 126
 
BMW aero engines 124, 125, 129
 

Bramo 003 engine 83
 

184
 

Board ofTrade 108, 109, 110, 111
 
Boeing 94, 95, 104
 

707: 90, 93, 95, 96
 
B-47: 90, 93,104
 

Braun, Werner von 99
 
Bristol 86, 87, 124
 

Bloodhound missile 126
 
Brabazon 88
 

Busemann, Adolf 113, 116-17, 116,
 
118
 

car, 'de-mechanised' 65-6
 
car, petrol see also 'automobile' entries
 

as 'adventure machine' 27-8
 
utilitarian aspect importance 28-9
 

car culture, 'crisis of 1907' 28
 
car interiors see also car interiors,
 

functional development
 
automatic activation of
 
components 69
 
colour trends 75
 
communication devices 68
 
conflicting functions 74-6,79
 
contemporary interior design
 
influence 75
 
electronic devices 67-8
 
features, introduction of 75
 
from open to enclosed car 69-72
 
front-rear separation 65, 69, 70
 
gauges/instruments 66-7, 66
 
open car, attraction 72
 
passenger space/view 64-5
 
radios 68
 
safety 76-9
 

car interiors, functional development
 
61-2,62,66
 

see also driver, separate functions
 
trend towards an artificial
 
environment 72-4
 

car technology 14
 
Citroen 2CV 74
 
Citroen DS 67
 
civil aircraft industry, British 81
 
civil aviation, doubt over jets 88
 
Cripps, Sir Stafford 87, 109, 110,
 

111
 
Cugnot's steam wagon 140
 
cyborgisation 2
 

Darwin, Sir Horace 110,114 

Darwinian theory 12-13
 
de Havilland 86,87,95, 124
 

Comet 88-90, 93, 94, 95, 96
 
Comet 1: 81, 89
 
Ghost engine 89, 90
 
Goblin engine 83,86,89, 125
 

Vampire 83, 120
 
Dendy Marshall, C F 48
 
Deutsches Museum 141, 145-6,159
 

'city traffic' hall 162, 164
 
express train S 3/6: 163-4, 163
 
halls 162-3
 
'infrastructure cube' 165
 
Verkehrszentrum 159-66, 159,
 

161
 
'Vision 2003' report 160
 

Diesel, Eugen 63, 72
 
diffusion of innovations 10-11
 
Doblhoff tip-jet-driven helicopter
 

system 114, 128-9
 
Doetsch, Karl 114, 117, 118,118,
 

120, 124
 
Douglas 94, 95
 

DC-4: 88
 
DC-8: 93, 94, 95, 96
 

driver, separate functions 62-69
 
driving on the road 63, 63, 65,
 

66,67
 
working a machine 63, 63, 65, 66,
 

67,68
 

Edgerton, David 87,92
 
Edison, Thomas 24,25,26,37,38
 
Edison Storage Banery Company
 

25,27
 
Electrical Power Storage
 

Company 23, 24
 
Electric Storage Banery Company
 

24, 25, 26, 27
 
electric vehicles 9,15,16-17,19,24,
 

27,35,37
 
'Pluto effect' 37-8
 
simplicity of driving 65
 
tyres 30-1,32
 

English Electric P.l Lightning 120,
 
121,122,122, 127
 

exhibits, adding context 167
 
see also artefacts, interpretation
 
and display
 

I' 
I' 
J 



Fairey Rotodyne 114, 129
 
Farnborough, Royal Aircraft
 

Establishment, integration of
 
German and British high-speed
 
aerodynamics 114-23
 
Advanced Fighter Project
 
Group 120-1
 
high-speed flight trials 116
 
swept-wing transonic research
 
aircraft 118-20,119,124
 

V-bombers 122-3
 
Farren, W S 100-1,102-3
 
Faure, Camille 23, 24
 
Fedden, Sir Roy 100,101, 104,105
 
Focke-Wulf 183: 119, 120
 
Fontanellaz, E 173-4
 
Ford Model T 17
 
Ford Mustang 75
 
Forward, E A 48
 
Franz, Anselm 83
 
fuel-cell vehicles 38
 

gas-turbine car, Rover 36
 
General Electric 85, 86, 93, 128
 

CF6 engine 96
 
1-14 engine 86
 
}-47 engine 93
 
}-79 engine 93-4
 

General Motors Truck Co. 27
 
German defence science, financial
 

value 128-9
 
German high-speed aerodynamics 

and British defence science 
111-14 see also Farnborough, 
Royal Aircraft Establishment, 
integration of German and British 
high-speed aerodynamics 

German science, utility 123-7
 
German scientists
 

exploited by Britain 99-102,
 
112-14,113,118
 

exploited by France 124-5
 
exploited by USA 99, 103-4
 
from 'Bizone' employed 108-11
 

Germany, innovations and
 
facilities 101, 102-6, 111
 
see also Operation 'Surgeon'
 

Gigon & Guyer (Zurich) 179-80, 181
 
Gloster E28/39: 82, 82, 85
 
Gloster Meteor 82, 114
 
Goodyear Tire and Rubber
 

Company 31,32
 
Guided Projectiles Establishment,
 

Westcott 112, 125-6
 

Handley Page Victor 123
 
Heinkel 82
 

He 178: 82
 
He 280: 82
 
He-S8B engine 82, 83
 
He-S30 engine 83
 

Heritage Motor Centre 150
 
Hermann Goring Research Institute,
 

Valkenrode 102-106
 
hybrid power vehicles 38
 

industrial archaeology, learning
 
through 47, 48 see also
 
automobile 'archaeology'; Rocker,
 
Stephenson's
 
survey benefits 59
 

industrial museums, early origins 
140-2
 

innovation diffusion 10-11
 
interartefactual choice, sociotechnical
 

dilemma 11-14
 
Inviera 50, 55
 

jet airliner, British competition with
 
USA 94-5
 

jet engine
 
Britain's lead 1945-54: 86-8
 

engine design 86-7
 
British competition with USA
 

88,88-92,96
 
bypass 95, 96
 
European development, 1935-45:
 

81-4
 
government attitude to
 
development 92
 
wind tunnel testing 91-2
 

Jungner, Waldemar 25
 
Junkers Jumo 004 engine 83
 
Jupirer 169
 

Karman, Theodore von 103, 115
 
Kainer Akkumulatoren-Werke 23,
 

24,25
 
Krieger, Louis 25
 
Kuchemann, Dietrich 113-14, 117,
 

118, 123, 126, 127
 

Lancashire Wirch 54
 
Liverpool & Manchester Railway 49,
 

51,52,55,56
 
Lockheed Constellation 88
 
Lockheed Shooting Star 86
 
Lockspeiser, Ben 102, 103, 104
 
Locomorion 142, 143
 

Index 

locomotives 50,54,55,140,141, 
142, 143, 145, 169 see also Rocker,
 

Stephenson's
 
improvements 50, 51-2, 55
 
Planer class 49, 50-2
 
S 3/6 express 163,163
 

London and North Eastern 
Railway 143
 

London Palmer Tyre Ltd 31
 
London Transport Museum 151
 

Mallard 145
 
maritime museums 152-3
 
Mercedes Benz 77
 

S-class (1992) 73
 
Messerschmitt
 

Me 163: 118, 125, 126
 
Me 262: 82, 83,101,114
 

Michelin 29, 30
 
Ministry of Aircraft Production 100,
 

101, 102, 104-5, 106-7, 114
 
Ministry of Supply 114-15, 121
 
Morgan, Morien 114, 117, 118
 
Moss, Sanford 85
 
Multhopp, Hans 117,118-19,118,
 

120
 
Musee de I'Air, Paris 154
 
Musee des Arts et Metiers, Paris
 

140,154
 
museum design, principle of 171
 
Museum of British Transport 144
 

NAG (Neue Auromobil Gesellschaft)
 
car 72
 

National Advisory Committee on
 
Aeronautics 84, 92, 115
 

National Maritime Museum 152
 
National Railway Museum, York 47,
 

52, 143-5
 
National Tramway Museum 151
 
Naworth colliery 52, 56
 
North American F-86 Sabre 93
 
North Eastern Railway 143
 

Ohain, Hans von 82
 
Oldsmobile (1904) car 175
 
Operation 'Surgeon' 99, 106-8,107
 

Palmer, John Fullerton 31
 
Philadelphia Storage Battery
 

Company 26
 
Plante, Gustave 22
 
population, concept 13-14
 
Porsche 911SC 78
 

185 



Index 

Power Jets Ltd 83
 
Prandtl, Ludwig 115, 116
 
Pratt & Whitney 84-5,93,129
 

J-48 engine 93
 
J-57 engine 93, 94, 95
 
fT3C engine 96
 
fT9D engine 96
 

Puffing Billy 140, 141
 
Pulqui II 123
 
Putt, Colonel David 103,108
 

railway museums 143-7
 
Britain's first 143--4
 
Brussels 146
 
France 146-7
 
Hamar, Norway 142, 145, 146
 
Italy 146
 
Nuremberg 145
 
Switzerland 173--4
 
Utrecht 146
 
York 47,52, 143-5
 

railways, Britain's 142-3, 144
 
RainhillTrials 47,50,51,140
 
Rocket, Stephenson's 47, 49, 50, 51,
 

52, 140, 142
 
accidents 51, 55, 56
 
display options 57-8
 
drawings, contemporary 52, 53
 
historical context 49-52
 
importance as an artefact 47-8
 
improvements 50,51,55, 56
 
interpretation problem 56-7
 
replicas 48, 58
 
survey 48-9, 51, 52-3, 54-6, 54,
 

59
 
rocketry 125, 126
 
Rolls-Royce 83,86,87,92, 124
 

Avon engine 86, 89-90, 93, 95,
 
119
 

Conway engine 95-6
 
Derwent engine 82, 83, 86, 90
 
Nene engine 83,86,90, 91, 93
 
RB-211 engine 96
 

Rosenberg, Nathan 11, 12,36,94
 
rotary engine, Le Rhone 176
 
Rover gas-turbine car 36
 

'sailing-ship effect' 12, 20-1
 
Sans Pareil 140
 
Science Museum 52, 57-8,
 

140-1,144, 149
 
captured German aircraft
 
exhibition 111, 112
 
Children's Gallery 174
 

Making the Modern WJrld 
gallery 47
 

ship, sailing 12,20-1
 
Shuttleworth Collection 154
 
Smithsonian National Museum of
 

American History 167-71
 
starter motor, electric 16-17
 
steam car, Schoche 62
 
Stepan, August 114, 128-9
 
Stephenson, George 49
 
Stephenson, Robert 49, 50
 
Stephenson, Robert, & Co. 52, 56
 

Stoewer car 66
 
substitution processes 10-11
 
Switzerland, Verkehrshaus der
 

Schweiz museum 174-80,175,
 
176,177,180,181 

Talbot car, British 63
 
Tank, Kurt 118, 123
 
technical change, field approach 9,
 

14-16
 
'failures' 16, 36
 
'field of application' 14, 20
 
'field of expectation' 14-15
 
technical field 15, 16, 17
 

technological change,
 
evolutionary 12-14,20,36
 

technologies, 'old', improving after
 
'new' introduced 12,20-21
 

technology, interaction and
 
diffusion 10-11
 

technology transfer,
 
interartefactual 21, 22
 
'Pluto effect' 9, 34-8
 

telephone 11
 
tractor, diffusion of 37
 
tram, battery 24
 
transmission, continuously variable
 

(CVT) 33,34
 
transmission, types 18, 32--4, 34
 
transmission technologies, changing
 

use in postwar passenger cars 34
 
transmissions, interaction among
 

alternatives 32-4
 
transport museums 147-51 see also
 

aviation, maritime and railway
 
museums; Deutsches Museum;
 
Science Museum; Smithsonian
 
National Museum of American
 
History; Switzerland, Verkehrshaus
 
der Schweiz museum
 
Copenhagen 150-1
 
France 149
 

Germany 150
 
inland waterways 148-9
 
London Transport 151
 
Midlands 149-50
 
National Motor Museum 149
 
origins, in Western Europe
 

139, 144, 145, 155-6
 
public transport 150-1
 
Tyrwhitt-Drake Museum of
 
Carriages 148
 

tyres
 
cord (bias-ply) 31-2
 
interaction among alternatives
 

27-32
 
pneumatic 28-32
 
Silvertown 32
 
solid rubber 30
 

tyre technology, scheme for
 
'artefactual whole' in early
 
vehicles 33
 

Van Doorne's Transmissie 33
 
Uzsa 153
 
Vickers V-1000: 93
 
Vickers Valiant 93
 
Vickers Viscount 81, 88
 
Volta High Speed Conference, 1935:
 

115, 116, 116
 

Walterwerke, Kiel 125
 
Warren, J G H 48
 
water wheel 12
 
Weber, Johanna 106, 114, 117, 126,
 

127
 
Westinghouse 86
 
wheels, 'elastic' 30
 
Whittle, Frank 82, 83, 85, 86-7
 
Whittle W 1 engine 82, 83, 85-6
 
Winter, Martin 117, 118, 118, 120
 
Woodburn,Arthur 108,109-10,
 

111-12
 
Wright Aeronautical Company 84-5,
 

93, 129
 
J-67 engine 93
 

Zeppelin Museum 154
 

186 




