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ABSTRACT

This +thesis examines the changed status of the instrument
maker in the London-based scientific community of the nineteenth
century, compared with the eighteenth century, and seeks to

account for the difference. Chapter 1 establishes that the
eighteenth-century maker could aspire to full membership of the
scientific community. The following chapters show that this

became impossible by the period 1820-1860.

Among reasons suggested for the change are that the
instrument maker’s educational context to some extent precluded
him from contributing +to scientific innovation, and also the
changed market for his products in an industrial Britain required
that he devote more time to his Dbusiness, thus decreasing the
time available to pursue new developments. However, the decline
is attributed mainly to the tendency of the scientific community
to refine its own criteria of membership, in an era in
which 1ts self-consciousness as a distinct group increased,
and its members articulated claims to status in terms of their

value to the State.

This ideology and its consequences are analysed in a number
of studies. Chapter 2 deals with the burgeoning of collective
identity in the context of the Royal Society, while the next
four chapters study individual members of the scientific elite -
Wheatstone, Babbage, Airy and Faraday, and their relationships

with instrument makers. The studies demonstrate +that the
philosopher recognised the artisan’s work as important, but not
as vital as his own, and not classifiable as scientific work.

As an institutional manifestation of the motives of the 1leading
philosophers, the B.A.A.S. is the focus of Chapter 7. The final
case study centres on the maker’s tactics of self-promotion in
business terms, thus linking more fully the factors at work in
ensuring the rise of the philosopher and the decline in status
of the artisan in the scientific community.

vi
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CHAPTER ONE

INTRODUCTION




The past few years have witnessed a welcome increase in the
number of historical articles dealing with scientific instruments
and scientific instrument makers. In particular, a new journal,
the Bulletin of the Scientific Instrument Society, has given a
focus to work in this area, which had hitherto been somewhat
neglected, or at least regarded as peripheral, by most of the
other Jjournals in the discipline of the history of science.
Regrettably, the vast majority of the contributions to the new
journal, and indeed in the other publications which include such
work, have been made by antiquarians rather than historians. This
ijs not to say that the studies which have been made are not
interesting or valuable; rather, the point I wish to make is that
they tend to be concerned with, for example, the factual details
of the work of one instrument maker, or of the design of one type
of instrument, and are thus somewhat internalistic in their
stance.l Most ignore anything but the bare bones of an external
context. This thesis is not motivated by an antiquarian desire to
catalogue the work of a group of instrument makers. Rather, it is
a contextual historical account of the place of the scientific
instrument maker in the scientific community and in the wider

society, and attempts to build upon a small tradition of similar

1Among those dealing with the nineteenth century might be
listed the following as examples of the genre: J.T.Stock,

"Henry Barrow, Instrument Maker", Bulletin of the Scientific
Instrument Society, 1986 (9), pp.11-12; J.T.Stock and
P.S.Laurie, "John Dover, Instrument Maker, 1824-1881",

Technology and Culture, 1980 (21), pp.51-5; C.Stott and
D.W.Hughes, "The Amateur’s Small Transit Instrument of the
Nineteenth Century", Quarterly  Journal of the Royal
Astronomical Society, 1987 (28), pp.30-42,.



work by historians of science.?

Before proceeding to a discussion of the role of the
scientific instrument maker in the scientific community, it is
important to define exactly what will be meant by the
term instrument maker in the thesis. This may seem self-evident,
but there are some problems in deciding whether, for example,
Isaac Newton, because he could construct his own telescopes,
should be called an instrument maker. I wish to have my
definition mean that he should not. An instrument maker in this
thesis is someone who derives all, or a significant part of, his
living from the construction of instruments. This will generally
mean that the person in question possessed trade premises of some
sort as an outlet for the instruments he constructed, though this
need not exclusively be the case. In any event, the definition
has been framed to exclude someone such as Newton, who was
sufficiently dextrous to construct instruments for his own
research purposes, although he had no desire to market this skill
commercially. Such an actor, a seeker of new truths of nature,
for whom instruments were important because of their wuse as
research tools, will be variously characterised as philosopher,
or man of science. These terms were used interchangeably by
those in the ©period of this thesis to describe themselves,

although the former term can be seen as having a rather wider

20f particular relevance to this thesis is J.A.Bennett,
"Instrument Makers and the "Decline of Science in England":
The Effects of Institutional Change on the Elite Makers of the
Early Nineteenth Century", in P.R.De Clercq (ed.), Nineteenth
Century Scientific Instruments and their Makers, (Amsterdam,
1985), pp.13-27. Also W.D.Hackmann, "The Nineteenth-Century
Trade in Natural Philosophy Instruments in Britain", ibid.,
pp.53-91.



meaning, as it may include moral and political philosophers, who
would not have been seen as men of science.

The distinction between men of science and instrument
makers, as I have defined them, it is important to note, is not
an artificial historical construct, nor indeed should it be
regarded as arbitrary. The difference between someone for whom
instrument making was a career, and those for whom it was merely
a skill wuseful in their chosen life’s work, is a fundamental
difference. I have included the proviso that it may only be
necessary for a man to derive part of his income from instrument
making for him to fit my definition of instrument maker because
historical examples exist of instrument makers with other fields
of interest and sources of income. These examples generally come
from the eighteenth century and at this stage need only to be
indicated in passing. For instance, Benjamin Martin was a famous
maker who possessed his own shop in Fleet Street from 1756, and
sold a wide range of optical, mathematical, and philosophical
instruments which he either made himself or bought from other
makers, but Martin also made a living as an itinerant lecturer,
and as an author of popular textbooks.3 Such a character was not
a feature of the nineteenth century scientific community,
although there were some instrument makers in the new century
such as Francis Watkins, who tried their hand at writing popular
textbooks, in Watkins’' case on electricity (it was electrical

instrumentation for which his firm of Watkins and Hill were

3J,R.Millburn, Benjamin Martin. Author, Instrument-Maker, and
"Country Showman", (Leyden, 1976), provides extensive details
of his career.



particularly renowned).*

On the other side of my initial definition of instrument
makers comes an actor such as Charles Wheatstone, who started
life as an instrument maker (albeit a musical instrument maker)
and who was able to make his own instruments for philosophical
purposes throughout his career. However, he did not make his
living from the sale of instruments, and devoted his time to
scientific work, with the institutional base of a professorship
at King's College, London.5 In spite of his beginnings, he is

thus characterised as a man of science.

1. Men of Science and Instrument Makers: "Philosophers" and

"Artisans".

Having outlined the two groups with which I will be dealing,
I shall give in this introduction a summary of the general
historical problem to be addressed in the thesis. It concerns the
apparent change in the status of the scientific instrument maker
in the English scientific community between the eighteenth
century and the first half of the nineteenth century. In this
introduction the premiss will be established that in the
eighteenth century, England, and in particular London, was the
acknowledged centre of world instrument making, and its exponents
were active not only in the construction of the instruments, but

also in the introduction of new principles into their designs. In

4F.Watkins, A Popular Sketch of Electro-magnetism, or
Electrodynamics, (London, 1828).

5B,Bowers, Sir Charles Wheatstone FRS, 1802-1875, (London,
1975), provides details of Wheatstone’s life, as does Chapter
3 of this thesis.



short, the top instrument makers were just as much researchers
and original thinkers as they were artisans and retailers. The
main body of the thesis will attempt to show that this was no
longer the case by the nineteenth century, and that by then the
instrument maker was little more than a skilled craftsman, having
lost his central role in the scientific community. In addition,
the thesis will attempt to provide answers as to why this change
in status occurred.

At this stage I would like to consider three possible
reasons for the change in the instrument makers’ position in the
scientific community. Firstly, the explanation might be given
that science was becoming "more complicated". As a reason why an
instrument maker could no 1longer contribute to scientific
research this is largely devoid of any explanatory power. After
all, the period between say the years 1780 and 1820 was not the
only period in which science became "more complicated". Thus
there is no particular reason why the instrument maker should
cease to be a contributing partner in the scientific community in
this period rather than for example in the period 1740-1780, when
we would expect science to have made similar strides in
"complexity" to those of the later period. However, although I do
not wish to place much stress on this as a contributory factor
in the change of status of the makers, it is useful to consider
it in bringing to light the idea that the innovative
element in the design of new instruments in the nineteenth
century required a level of knowledge which the typical education
of the instrument maker did not provide. 1In other words, if
this first explanation 1is framed initially in terms of the

6



instrument makers® educational context, rather than merely in
terms of science’s complexity, then it can be admitted to account
in part for the decline in their status. In the eighteenth
century the technical education of a maker was sufficient to keep
him at the forefront of attempts to refine instruments, but in
the nineteenth century new instruments were designed which
required a level of theoretical, indeed mathematical, knowledge
which the artisan’s education did not provide. The innovative
element was provided by the philosopher, the seeker of new
principles, and the instrument maker was instructed as to how to
carry out the new, sophisticated design. Thus the notion that the
increasing "complexity" of science put prosecution of research
out of reach of the instrument maker, and had as one of its
consequences a loss in status for the maker in the scientific
community, has at least a certain validity, if qualified by
reference to the educational backgrounds of philosophers and
artisans.

The second reason emphasised in the thesis is more
historically specific than the first and concerns the position of
the time period with respect to the Industrial Revolution. In
the eighteenth century the instrument maker was primarily an
individual craftsman constructing all his instruments by
hand. This individual element in the work was often
manifested further in a desire in the craftsman to provide
improvements in the principles of his instruments and to design
new ones; such improvements being pieces of scientific research
in their own right. The Industrial Revolution created a new set
of pressures for the maker to respond to. Not only did new

7



labour-saving devices appear to remove some of the individual
elements of craftsmanship, but makers, 1in an expanding market
which demanded, amongst other uses, large numbers of observing
instruments for Empire-building voyages, had, in order to
survive, to 1increase the efficiency of their businesses in the
face of home and foreign competition. Greater numbers of workmen
became employed in instrument making. Where an eighteenth-century
maker would have operated by himself, a typical nineteenth-
century maker might have employed half a dozen workmen. Needless
to say this had the effect of further decreasing the individual
element in instrument making. Essentially, the Industrial
Revolution gave rise to new economic pressures, under which the
individual craftsman interested in the development of instruments
was turned into a businessman and manager who only performed a
proportion of his own work. These pressures were thus partly
responsible for the removal of the instrument maker from
centre stage 1in the scientific community.

The reason for the decline in the status of the instrument
maker which this thesis seeks to emphasise particularly, however,
is again historically specific, but this time concerns the status
of the men of science themselves. I wish to argue that the early
nineteenth century was a period in which the philosopher, or man
of science, sought aggrandisement in British society.® The

philosophers wished to demonstrate the importance of their

6This notion of "aggrandisement" I derive from J.B.Morrell,
"Professionalisation", in R.C.Olby, G.N.Cantor, J.R.R.Christie
and M.J.S.Hodge (eds.), Companion to the History of Modern
Science, (London, 1990), pp.980-9.



activity to the State and to mankind in general, and to construct
a position for themselves as an elite group in society. This goal
had as a corollary that other groups were excluded from the
elite group. This thesis argues that instrument makers happened
to be one excluded group. Although these three interrelated
factors which I have postulated were all operative in determining
how instrument making and the original work done by makers
changed, then, the thesis will show that the main factor at work
in excluding the makers from the scientific community was the way
in which that community came to be defined in the nineteenth

century by those controlling it.

2. Instrument Making in the Eighteenth Century.

Before proceeding to discuss the nineteenth century
relationship between philosophers and artisans, however, it will
be necessary to establish that there really was a change in the
status of the maker in the scientific community. That is, it must
be established that in the eighteenth century the elite maker was
a full contributor to the scientific enterprise. I propose to
establish this by a consideration of the top London makers in the
latter part of the century, a field of study in which some good
material already exists,” before going on to the rather more
neglected area of the makers’ position in the first half of

the nineteenth century.8

TMost notable in recent years has been R.Porter, S.Schaffer,
J.A.Bennett, and O.Brown, Science and Profit in 18th-Century
London, (Cambridge, 1985).

8The articles collected in De Clercq, op.cit. (note 2),
represent much of the available scholarship, though many deal
with the situation abroad.



A three-fold division of the instruments produced by makers

had emerged by the early eighteenth century. The typical maker

might describe himself as "Mathematical, Optical, and
Philosophical Instrument Maker", a distinction which would
persist into the nineteenth century. Many makers were

characterised more simply as devoting themselves to one of these
specialisms. "Mathematical" instruments were aimed at the
solution of practical problems of astronomy, navigation, or
surveying, and included quadrants, sextants, and so on. "Optical"

instruments such as the telescope and microscope were also in one

sense practical, but in addition aimed at a theoretical
understanding of the world. "Philosophical", or "Natural
Philosophical" instruments not only included those for passive

observation, but also for active intervention with nature by
creating new effects, as in air pumps, or electrical machines.?

The three-fold division in instruments is not of wvital
importance so far as this study of instrument makers is
concerned, as most makers dealt to some extent in all three
classes, It is important to realise, however, that the markets
for the different types of instrument were not the same in the
eighteenth century when the division first appeared. Instruments
such as air pumps and electrical machines, i.e. philosophical
instruments, tended to be attractive to private gentlemen as
status symbols. So did telescopes and microscopes. A rather

different market existed for the mathematical instruments, which

9J.A.Bennett, "The Scientific Context", in Porter, Schaffer,
Bennett, and Brown, op.cit. (note 7), pp.5-9.
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were required by those needing to solve practical problems. 1In
addition, large telescopes and other 1large instruments were
constantly required by three metropolitan institutions -~ +the
Royal Observatory, the Board of Longitude, and the Royal
Society.19 A commission from one of these institutions was very
important to a maker in terms of the prestige it could give him,
and original work done on such instruments established makers as
key members of the scientific community. The popular market,
while financially lucrative, was not as significant in increasing
a maker’s scientific status - the elite makers were those who
made the best sextants and telescopes, not those who made the
best air pumps. This theme will be implicit throughout my
discussion.

Precision 1instrument making in the eighteenth century
could thus be a form of aggrandisement - it enabled its exponents
to become members of the established scientific community. Many
of the top makers became Fellows of the Royal Society. Of those
fitting the initial definition given in this thesis of instrument
maker can be listed James Short, John Senex, George Graham, John
Dollond, Edward Nairne, John Ellicott, John Whitehurst, and Jesse
Ramsden.l! Many of the other makers in this period in London
were accepted as being amongst the finest in the world, though
for one reason or another they did not become Fellows of the
Royal Society as a reward for their work. Among this latter class

we could name John Bird, Jonathan and Jeremiah Sisson, George

10 rpid., 7p.8.
l11See the List of Fellows in The Record of the Royal Society of

London, (London, 1912).
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Adams, Benjamin Martin, John Troughton, Peter Dollond, and
John Cuthbertson.l?

Rather more remarkable than the number of makers who became
honoured as Fellows of the Royal Society (and two of those named,
Ramsden and John Dollond, received its highest accolade, the
Copley Medal) 1is the sheer wealth of papers published in the
Philosophical Transactions by these men: such papers would have
been seen as genuine pieces of scientific research, and some
represented considerable expenditure of time for men who were
engaged in running their own businesses and constructing their
own products for sale as well. 1In the period from 1730 to 1800
can be found 1in excess of 80 papers in the Philosophical
Transactions by Fellows who were instrument makers.13
Neither did the lack of a Fellowship preclude publication:
Peter Dollond published 3 papers though never emulated his
father’s achievement of a Fellowship and the Copley Medal.
Most prolific of the contributors to the Jjournal were George
Graham, with 23 published papers, and James Short, with 32,
By considering the careers of some of these makers it will be

possible to establish a perception of the position of the

12For biographies of these and other makers active in the
eighteenth century, see E.G.R.Taylor, The Mathematical
Practitioners of Hanoverian England, 1714-1840, (Cambridge,
1966); M.Daumas, Scientific Instruments of the 17th and 18th
Centuries and their Makers, (London, 1972); H.C.King, The
History of the Telescope, (London, 1955).

13This statistic is derived from a thorough study of the indexes

to the papers published in the Philosophical Transactions of
the Royal Society of London.
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leading makers as a group within the scientific community in

eighteenth-century London, and this is the aim of the next two

sections of the chapter.

3. The Instrument Maker and the Scientific Community in the

Eighteenth Century: James Short, Benjamin Martin, and George

Adams.

James Short provides us with an example of a man who must
be characterised as an instrument maker, as that was his means of
livelihood, and yet who had much wider scientific interests which
led him to a respected position in the scientific community. Born
in Edinburgh in 1710, he attended university and had an excellent
record there, being urged by relations to enter the church.
Instead he became the protege of Colin Maclaurin and started
making specula for reflecting telescopes, by the sale of which he
is reported to have made a profit of £500 before leaving
Edinburgh in 1736.1%4 But although instrument making was Short’s
trade, he left initially in order to become mathematics tutor to
the son of George II in London. He set up his own shop there in
1738, dealing solely in reflecting telescopes, of which he is
said to have made around 1360 in his lifetime; these could be
bought "off the shelf", though larger versions had to be
specifically ordered.l!35 It seems certain, however, that Short

only made the specula for the telescopes, contracting the work on

14p,J.Bryden, James Short and his Telescopes, (Edinburgh,
1968); G.L’E.Turner, "James Short F.R.S., and his Contribution
to the Construction of Reflecting Telescopes", Notes and
Records of the Royal Society of London, 1969 (19), pp.91-108.

15 1bid., ©Pp.100.
13



the frames and stands of the instruments to other makers.l!® Even
so, it is worth noting +that he carried on an interest in
practical astronomy in parallel with running his business. He
built an observatory in the roof of his premises and contributed
observations in the form of regular papers to the Royal
Society. Many of his 32 published papers in the Philosophical
Transactions concern the observations he made in this way.l7
Short’s work on telescopes earned him the title of Fellow of
the Royal Society shortly after his move to London - he was
elected in 1737. His certificate of election makes it apparent
that it was explicitly for his instrument making skills that he

was elected:

Mr.James Short of the College of Edinburgh, who
has lately distinguished himself by his Excellent
Reflecting Telescopes, and other Curious Optical
Instruments, is proposed as a candidate for
election into this Honourable Society, and we
hereby recommend him as a person well versed in
several parts of Mathematical and Philosophical
Knowledge, and qualified to become a useful member

of the same.l8
Certainly Short fulfilled this promise - besides the 32
papers which were published, he communicated to the Society the

work of his potential rival John Dollond on correction of

16 Tbid., p.99.
17For example J.Short, "The Difference of Longitude between the

Royal Observatories of Greenwich and Paris, determined by the
observation of the transits of Mercury over the Sun in 1723,
1736, 1743, and 1753", Philosophical Transactions of the Royal
Society of London, 1763, pp.158-69.; J.Short, "Observations
on the eclipse of the Sun, April 1 1764", Philosophical
Transactions of the Royal Society of London, 1764, pp.107-9.

l18Royal Society Certificate Book, 1731-50 f.123, Royal Society
Archive.
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chromatic aberration in the refracting telescope.l® This work
meant that the achromatic telescope became a rival to the
reflecting telescope to which Short had devoted himself. Clearly,
therefore, a gentlemanly ethos and a desire to advance knowledge,
rather than a mere commercial motivation to ©protect the
dominance of his own product, pervaded Short’s actions. His
expertise was such that he was mentioned as a possible successor
to Nathaniel Bliss as Astronomer Royal in 1765,29 a post that in
the event went to Nevil Maskelyne. Short served on the
Council of the Royal Society from 1760, being particularly
active in work on the transit of Venus observations in 1761, for
which he not only made many telescopes, but was also on the
British list of official observers (along with other makers John
Bird, John Dollond, and John Ellicott).2?

The example of James Short, +then, is an important one for
the purpose of this thesis - a man who made his 1living as an
instrument maker and yet was an integral part of the scientific
community, producing a significant amount of research work.
Although he was the only maker ever to have been considered for
the Astronomer Royalship, Short’s position as a researcher was by
no means unique, and other makers were able to attain full
scientific status by original work. However, it is worth noting
that this was not the only avenue by which someone who made a

living from instrument making could be a part of the scientific

19J,Dollond, "An Account of some Experiments concerning the
different Refrangibility of Light", Philosophical Transactions
of the Royal Society of London, 1758, pp.733-43.

20 Turner, op.cit. (note 14), p.93.
21 r1pid., p.94.
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community.

Benjamin Martin made instruments initially in order to
illustrate his lectures on natural philosophy, which he delivered
on an itinerant basis, outside any institutional base, and by
which, along with his textbooks, he achieved considerable
scientific renown.22 Martin provides us with an example of one
who derived an income from instrument making, and thus fits
my characterisation of instrument maker, but who also earned
a part of his income from other sources, namely the writing
of books, and the admission fees of those who attended his
lectures.

Born in 1704 or 1705, Martin did not open his own shop until
1756, after many years as a lecturer and author of textbooks,
although he derived an income from instrument making before that.
Significantly, he also designed his own instruments and is
therefore typical of the elite eighteenth century instrument
makers - for example he developed a triple lens microscope.?3
Unlike Short, however, the title of Fellow of the Royal Society
eluded him, and his writings tended to be of a popular
nature, none being published in the Philosophical Transactions.
This is not to say that Martin did not appreciate the honour that
a Fellowship would be. In fact, he was well aware of the benefit
such a title could be to him in career terms, for Millburn has

uncovered a somewhat inept attempt of Martin’s to secure a

22 Among the better known of the large number of books written by
Martin are The Philosophical Grammar, (London, 1735), An
Essay on Electricity, (Bath, 1746), and Philosophia
Britannica, (Reading, 1747).

23Taylor, op.cit. (note 12), p.62.
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Fellowship - in order to gain prestige for his lectures, and
thus increase his income. Millburn produces correspondence to
show that as early as 1738 Martin had approached Hans Sloane
(President of the Royal Society), requesting that he be

considered for a Fellowship, as:

.. .Wwherever I come, I am constantly asked, if I am
a Fellow of ye R.Society? And I as constantly find
it no small Disadvantage to say, No... no Man
takes a greater Delight in Studies of Philosophy,
nor has taken greater Pains to improve ye Science
in general...24
Even if Martin’s latter plea was accurate, his indication that
Fellowship was likely to be financially advantageous to him would
not have helped his quest for election to a <c¢club with a
gentlemanly ethos such as the Society. In addition, his offer to
make a present to the Society of his new portable air pump, if he
was elected, was effectively nothing more than a bribe.25
Whatever the opinion of his scientific talents amongst the
Fellowship, errors of protocol such as these were sufficient to
ensure that Martin’s application never reached the stage of a
formal vote, and he was forced to continue in his role as popular
lecturer, textbook author, and instrument maker, without the
title of F.R.S., and rather peripheral to the real elite of the
scientific community, yet undoubtedly a scientific man rather
than a mere artisan and instrument maker.

The instrument making shop which he established ensured for

a long time a comfortable living for Martin, and he sold both his

24B,Martin to Hans Sloane, 14 November 1741, MS.Sloane 4057
ff.85-86, British Library, London, cited in J.R.Millburn,
"Benjamin Martin and the Royal Society", Notes and Records of
the Royal Society of London, 1973 (28), pp.15-23, on p.17.

25 rbid.
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own instruments and those of other makers. However, he took
diversification in the business too far, and in 1780 he was
on the verge of bankruptcy. Martin died in 1782 after a rumoured
suicide attempt brought on by his desperate financial plight.26
The way in which Martin organised his business contrasts
with his contemporary George Adams, who similarly advanced his
scientific reputation and advertised his work by writing
textbooks.27 Whereas Martin tried to make his instruments as
attractive as possible by making their prices as low as possible,
Adams limited himself to more expensive instruments, while still
retailing as vast a range as Martin, though being particularly
renowned for globes and microscopes.?8 As with other top
makers in the eighteenth century, Adams was noted for
improving instruments he constructed, and for inventing his own

new ones:

In the construction of all the machines I have
ever made, my first and greatest Care hath been to
produce good Models and Drawings, several of them
I have imitated from the best Authors, as well
Foreigners, as those of our own Country. I have
altered and improved others, and have added many
new ones of my own Invention.2?

Short, Martin, and Adams, then, were contemporaries from the

mid-eighteenth century, all of whom were first and foremost

26Millburn, op.cit. (note 3).

27For example G.Adams, Micrographia Illustrata, (London, 1746);
G.Adams, A Treatise describing and explaining the Construction
and Use of the New Celestial and Terrestrial Globes, (London,
1766). His son also wrote textbooks, for example G.Adams the
younger, An Essay on Electricity, (London, 1784); G.Adams the
younger, An Essay on Vision, (London, 1789).

28Tt is worth noting that his treatise on the globes went
through some 30 editions.

29 Adams, Micrographia Illustrata, ©p.224.
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instrument makers, yet whose trades were very different. Martin
dealt in a wide range of cheap apparatus, Adams dealt in a wide
range of expensive apparatus, and Short dealt in one type of
instrument only. Their membership of the scientific community,
however, was assured not only by their design and construction of
instruments for scientific purposes, but also by their wider
interests - textbook writing in the case of Martin and Adams, and

research in practical astronomy in the case of Short.

4, The Instrument Maker and the Advancement of Science in the

Eighteenth Century: John Dollond and Jesse Ramsden.

The above contention, that the instrument maker had a role
to play in scientific endeavour, and had a comprehension of the
scientific enterprise, 1is borne out by the situation in other
countries such as the Netherlands. Hackmann has studied the role
of the instrument maker there with reference to Jan van
Musschenbroek and his younger brother Petrus, the latter being
the maker, and points out the prevalence of gquestions put to Jan

by Petrus on theoretical scientific matters - such as the effects

of a vacuum on fire, the causes which prevent two thermometers
from giving the same readings, and about problems in
mechanics.39 Hackmann also states that Petrus’ scientific

expertise was such that he was able to point out errors committed
by Jan in his textbooks, and he extends his argument to include

England, where, like Petrus van Musschenbroek in the Netherlands,

30wW,D.Hackmann, "The Growth of Science in the Netherlands in the
Seventeenth and Early Eighteenth Centuries", in M.P.Crosland
(ed.), The Emergence of Science in Western FEurope, (London,
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instrument makers such as Short, Ramsden, and Nairne were seen as
making "significant scientific contributions".3! Unfortunately,
Hackmann uses misleading vocabulary in referring to Petrus van

"not mere artificers

Musschenbroek and these Englishmen as
but...scientists in their own right".32 Calling an eighteenth-
century instrument maker a "scientist" gives a false impression
of the actors’ own enterprise, thoughitis of some help in
conveying the idea that these were not mere manual workers,
but were men who had a full comprehension of the work for
which scientific instruments might be required. That the English
makers were appreciated as such by eminent foreign philosophers
can be illustrated by the views of J.D.Cassini (great-grandson of
the Italian J.D.Cassini, first director of the Paris
Observatory), who, lamenting a decline in the quality of work of
the French instrument makers whom he employed at Paris, wrote:
".,.les Ramsden, les Dollond sont geometres et physiciens, nos
meilleurs artistes ne sont qu’ouvriers", which was translated by
King as "Ramsden and the Dollonds are geometers and scientists,
our best artists are only workmen".33 Although King’s translation
suffers from an anachronistic use of the word scientist,
the sentiment is clear: Jesse Ramsden, and John and Peter
Dollond were key members of the scientific community.

The name of John Dollond (1706-~61) survives today in the

firm of Dollond and Aitchison, opticians. Although he worked on

31 rbid.

32 1bid.

33C.Wolf, Histoire de 1’0Observatoire de Paris, (Paris, 1902),
P.292, translation in King, op.cit. (note 12), p.229,.
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optical instruments for much of his life, it was not until 1752
that he joined his son Peter in the optician’s business which the
latter had established in London in 1750.34 1In 1753 John
devised the divided object-glass micrometer, which James Short
applied to his reflecting telescopes. Dollond was most famous for
his work on the correction of chromatic aberration; by a
combination of lenses of different materials he created an
achromatic objective which greatly improved the telescope as a
research tool.35 Although Dollond took out the patent for the
achromatic lens, it was proved in an unsuccessful law suit
against Peter Dollond after John’s death that the discovery had
first been made by Chester More Hall, of Essex.36 Ramsden, a
close friend of the Dollonds, and related to them by marriage,
wrote to the Royal Society to emphasise that Dollond accepted
that Hall was the inventor of the achromatic 1lens, around 1730,
though he had come upon it independently; Ramsden felt that as
Dollond had made the invention public, he deserved the patent.37
Ramsden showed his high opinion of Dollond’s skill in this same

letter, by pointing out:

343,Kelly, The Life of John Dollond, (3rd edition, London,
1808). A recent work which deals with the history of these
famous opticians is H.Barty-King, Eyes Right: The Story of
Dollond and Aitchison, Opticians, 1750-1985, (London, 1986).

35His first work in this direction was J.Dollond, "On an
improvement of refracting telescopes by increasing the number
of eye-glasses", Philosophical Transactions of the Royal

Society of London, 1753, pp.103-7. See also Dollond, op.cit.
({note 19).

36King, op.cit. (note 12), pp.144-5,

37J.Ramsden, "Remarks on Invention of Achromatic Telescopes,
1789", Letters and Papers IX.138, Royal Society Archive.
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[John Dollond] was the only man at that time in London
who either had knowledge or a wish to improve Optical
and Mathematical Instruments,38
However, while Dollond’s scientific expertise may not have been
in doubt, family loyalty must have obscured Ramsden’s vision, and
caused him to ignore makers such as Short, Adams, and Bird, for
whom the sentiments of the above tribute would have been just as
appropriate.

Peter Dollond also had considerable scientific ability, as
is shown by his concern during the law suit to demonstrate the
novelty of John Dollond’s work. He made considerable reference
to Newton'’s Opticks, which his father’s work seemed to
contradict, and referred to correspondence his father carried on
with Swiss mathematician Euler, for whom the chromatic aberration
problem solved by Dollond proved elusive.39

From the foregoing it will be apparent that John Dollond,
though he made his living by making instruments, was a fully
contributing partner in scientific endeavour. He won the Copley
Medal in 1758 for his work on the achromatic lens, and gained a
Fellowship of the Royal Society in 1761, the year of his
death.4? What I wish to emphasise here 1is that an eighteenth-
century maker such as John Dollond was not primarily motivated by
an ambition to make his business the most efficient and lucrative

possible, though this was an important aspect of his activity,

38 rbid.
39pP.Dollond, "Account of the late John Dollond’s discovery,
which led to the grand improvement of the refracting

telescope", Letters and Papers IX.131, Royal Society Archive.

40Taylor, op.cit. (note 12), pp.155-6 gives a condensed
biography of John Dollond.
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but by a desire to do scientific work and to make real
improvements in instruments, which would help to advance science.

This claim, that the makers of the period were keen to play
their part 1in the advancement of science, more than in the
advancement of their own businesses (even though motives of
increasing their social profile may have been behind such
activity), is made explicit in the correspondence of Jesse
Ramsden. Ramsden was widely regarded as the most eminent and
skilled of all the London makers of the eighteenth century, or
indeed of any other era.4! Born in 1731, he apprenticed himself
to an instrument maker in London in 1755, and established his
own business there in 1762.42 While making the usual wide
range of mathematical, optical, and philosophical instruments,
his speciality was scale dividing, in which area he developed his
celebrated dividing engine, an account of which was published in
1777.43 It was largely due to the sophisticated nature of his
work on the dividing engines that he was to achieve his world-
wide reputation, and he began particularly to deal in large
instruments for astronomy, and surveying expeditions. Brown
points out that he also invented a new type of cistern
barometer, and constructed early examples of plate electrical
machines and precision balances.44 Reward for his work came

with a Fellowship of the Royal Society in 1786, and the Copley

41 rbid., pP.32 is a secondary source endorsing this view.

42King, op.cit. (note 12), p.162.
43 J,Ramsden, Description of an Engine for Dividing Mathematical

Instruments, (London, 1777).

440,Brown, "The Instrument Making Trade", in Porter, Schaffer,
Bennett, and Brown, op.cit. (note 7), pp.19-37, on p.35.
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Medal in 1795. These achievements followed several papers
contributed to the Philosophical Transactions.45

Throughout his dominance of the instrument making scene,
however, when these new developments in instrument design were
being made, Ramsden was carrying on a business and employing a
workforce. It has been suggested that in the Piccadilly workshop
which he moved into in 1775, he employed in excess of 50
artisans.4® Clearly this was a large workforce by any standards,
but was particularly so in eighteenth-century London, where the
craftsman very much retained his individual identity in the
instrument making trade. Yet it is undeniable that Ramsden kept
his identity, mainly due to the fact that he was not merely the
manager of a business. Improvement 1in the designs of his
instruments and the advancement of science were his primary
motivations; this is borne out by his correspondence with the
Royal Society.4? Ramsden received a lot of criticism from
clients for the time which he took to deliver seemingly
straightforward orders, criticism to which he responded by
stating that he had "been more attentive to the improvement of
my Art, than to the accumulation of wealth".48 Thus, when an

order was placed with him, as in the case he was discussing here,

45For example J.Ramsden, "A Description of Two New Micrometers",
Philosophical Transactions of the Royal Society of London,

1779, pp.419-31; "A Description of a new Construction of
Eye-glasses for such telescopes as may be applied to
Mathematical Instruments", Philosophical Transactions of the

Royal Society of London, 1783, pp.94-9.

46 Brown, op.cit. (note 44).

47J.,Ramsden to the Council of the Royal Society, 13 May 1790,
Miscellaneous Manuscripts 3.30, Royal Society Archive.

48 1hid.
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by General Roy, the surveyor, the delay was occasioned by his
desire to construct the best possible instrument:
...the General applied to me to construct and make
for him the best Instrument I could within a
limited price, for measuring horizontal angles. In
consequence thereof, to the neglect of a more
lucrative business, and chiefly with a view to the
advancement of Science and the honour of this
Country, I constructed an Instrument on principles
very different from what had ever been done
before...[Ramsden goes on to explain how he kept
contriving facets to improve accuracy - hence the
delay in completion of the instrument]...surely a
mechanic who employs his mind, neglects a constant
business, and spends his money for the promotion
of science, + after all receives abuse
has...reason to be dissatisfied.49
This letter brings out exactly the characterisation I wish
to make of the eighteenth-century instrument maker - although
involved in a trade his outlook was not that of an entrepreneur.
His motivations were more like those of a gentlemanly philosopher
- a desire to render improvements in the principles of design of
the tools used in science, improvements which would contribute to
the advancement of science and the honour of the country. This is
in contrast to the desire of other classes of artisans to carry
out work conceived by others, in order to make their living.
Previous writers have conveyed this notion more vaguely by
simply saying that in the eighteenth century the instrument
makers were the "scientists" themselves,5? a statement which my
argument challenges, while allowing it a certain wvalidity
in expressing the motivations of the eighteenth-century

artisan, which in many cases were indistinguishable from the man

of science. Certainly the rewards in terms of scientific

49 Tbhid.
50Hackmann, op.cit. (note 30), p.98.
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recognition were the same. Some instrument makers were able to
extend the expression of these motivations in practice by giving
up instrument making in order to devote their time to other
scientific pursuits. James Watt is the best known example of
this transition - he started his working life as a precision
instrument maker.51 Other makers developed interests in
burgeoning areas of scientific concern. For example Edward Nairne
wrote a number of papers on research in electricity, which were
published in the Philosophical Transactions, but remained within

instrument making as a trade.52

5. The Instrument Maker in the Nineteenth Century: Summary of the

Case Studies.

Having established the position of the eighteenth-century
instrument maker in the scientific community, and having
suggested his motivations as being the advancement of science and

the honour of his country, rather than the accumulation of

personal wealth, this thesis asks the question: "Did this
position change in the new century, and if so, why?". I have
already suggested that the answer to the first part is yes, and

have postulated three possible contributory factors as answers to

51Not surprisingly, many biographies of Watt exist. One of the
longest established is J.P.Muirhead, The Life of James Watt,
with Selections from his Correspondence, (London, 1858).

52For example E.Nairne, "Experiments on water obtained from
melted ice of sea water", Philosophical Transactions of the
Royal Society of London, 1776, pp.249-56; E.Nairne,
"Experiments on electricity, being an attempt to show the
advantage of elevated conductors", Philosophical Transactions
of the Royal Society of London, 1778, pp.823-60; E.Nairne,
"The effect of electricity in shortening wires", Philosophical
Transactions of the Royal Society of London, 1780, pp.334-7.
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the second part. The thesis attempts to expand on these answers
by means of a number of case studies of key individuals and
institutions in the scientific community for whom the instrument
maker was of vital importance as the builder of the +tools of
their trade, and yet was excluded from the higher echelons of the
elite community to which they belonged. As the centre of the
instrument making trade in the nineteenth century, as in the
eighteenth, was London, so the case studies have the unifying
theme of all being London-based. These case studies provide a
cross—-section of +the relationships which existed between the
instrument maker and the man of science in the first half of the
nineteenth century.

The first case study (Chapter 2) concentrates on the role
of the maker within the longest established of all the English

scientific institutions - the Royal Society of London. Whereas

in the eighteenth century Fellowship was a regular award to the
elite instrument maker, it became increasingly rare in the
nineteenth century for men who made their living by constructing
instruments +to attain the title of Fellow of the Royal Society.
There were only five such English makers in the nineteenth
century, and all of these had some sort of family or business
connection with the leading makers of +the earlier period. More
dramatic still was the decrease in the output of ©published
material from the artisans - contributions to the Philosophical
Transactions went from being a relative commonplace to being
comparative rarities.

By considering the role this small number of Fellows played

in the Society, and the nature of the contributions that they
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made to the Philosophical Transactions, the chapter attempts to
show the way in which the Fellowship could be a career advantage
to the maker. It also attempts to show that the content of the
papers contributed had changed from +those of the eighteenth-
century maker, which were more pieces of pure research than
notifications of the latest small development in instrument
design. Overall, the chapter 1is concerned to show that the
nineteenth-century maker, whether a Fellow or not, was not a full
member of the scientific community represented by the Royal
Society of London.

Chapter 3 discusses the relationship between the instrument
maker and a man of science with interests in a wide range of

subject areas, Charles Wheatstone?3 The choice of Wheatstone is

particularly significant because he came from a family of
instrument makers, albeit musical instrument makers, and thus
had a keen appreciation of the practical difficulties attending
the work of the precision instrument maker. In addition, from
a period of practical experience as a musical instrument maker,
he had acquired the necessary skill to construct those scientific
instruments which he required for his own research and for
which he did not wish to employ an instrument maker. Thus, whilst
not being unique amongst men of science in the period 1in being
able to construct his own instruments, Wheatstone was rather
unique in coming from a background which enabled him to

understand the motivations of the instrument maker.

Wheatstone'’s own motivations, however, were to pursue the
53Bowers, op.cit. (note 5) is the most complete survey of his
interests.
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scientific research that had interested him since a child, and
with the financial security of the family business to fall back
on, he was able to do this, quickly achieving a considerable
reputation in the elite London scientific community, particularly
in the area of acoustical research. He was to establish himself
firmly as a member of this community by securing an institutional
base in the form of a professorship at King’s College, London.
The chapter examines Wheatstone’s employment of instrument

makers and his attitudes towards them, both in the context of his

professorial position and his position as an individual
researcher, pursuing work in a wide variety of areas,
particularly electrical telegraphy; research for which he
employed a sizeable number of instrument makers. I argue that

from his position as a member of the elite scientific community
he regarded their work as important, having a keen appreciation
of the skill required, and yet subordinate to his own work. The
instrument maker was not a member of the same community as
Wheatstone.

The individual discussed in Chapter_ 4 is Charles Babbage.

Like Wheatstone, Babbage required instruments for his own
research in a number of areas, and thus had constant occasion to
employ instrument makers. The chapter deals particularly with the
relationship between Babbage and the artisan whom he employed to
work on his famous difference engine, Joseph Clement.5% Babbage

was of course notable also for his criticism of the existing

54The source material here is particularly the collection of
Babbage correspondence in the British Library, London.
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scientific establishment, and the Royal Society most of all, in
his 1830 work Reflections on the Decline of Science in England.3’
The chapter shows that although he advocated a distillation
of the expertise of artisans as a desideratum in order to ensure
scientific and technological progress, he regarded the work of
the artisan as very much subordinate to that of the elite
philosopher such as himself in ensuring this progress. That he
saw himself as an individual in whom power should be vested in
the scientific community, as a leading member of an elite group
in society, is borne out by the analysis of Reflections on the
Decline of Science in England, his other published work, and his
unpublished correspondence, which is provided in this chapter.
Babbage’s attitude was unlikely to grant a key place in the
scientific community, the community which he saw as the guarantor
of national prosperity, to the constructor of scientific
instruments.

This idea of the philosopher as a member of an elite group
in society from which the instrument maker was excluded, no
matter what his scientific status in previous times, is further
established in Chapter 5. The subject of this chapter is the
Astronomer Royal, George Airy, in the context of his position in

charge of the Royal Observatory, Greenwich. In this capacity,

Airy dealt more with instrument makers on a day to day basis than
did any other man of science in the period, and the basic source
material for this chapter has been the extensive correspondence

of Airy with the instrument makers who were employed to construct

55C.Babbage, Reflections on the Decline of Science in England,
and on Some of its Causes, (London, 1830).
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instruments for the Observatory, from large telescopes to
magnetic instruments to thermometers.56

The key themes in this chapter concern the uses made of the
makers by Airy and the Observatory, and the uses made by the
makers of Airy and the Observatory. The makers could wuse
commissions from the Observatory in order to demonstrate their
technical skill and ability, gaining advantage 1in direct
financial terms and in terms of reputation. Hence the chapter
argues that work for the Royal Observatory tended to advance a
maker’s business rather than enhance his role in the
scientific community, a tendency which would not have been the
primary motivation for the eighteenth-century maker. Airy used
the makers, however, first and foremost as artisans expected
to carry out his instructions to the letter, and only to deviate
from his designs on small matters of engineering practice.

The argument which the chapter emphasises is that Airy’s
perceived position as a member of an elite group in society, with
a vital role to play in the running of the nation’s chief
observatory, and hence in the progress of science and of the
nation as a whole, meant that a group such as the instrument
makers were rendered subservient to his goals and the goals
mapped out by this new elite group, and were expected to deliver
orders on time and according to the philosophers’ instructions.
Any delay caused by a maker 1like Ramsden, pursuing improvements

in the principles of design of the instruments he was

56The Airy collection, numbering over 800 volumes, is now housed
in Cambridge University Library, having moved there from the
Royal Greenwich Observatory in 1988/89.
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commissioned to build, would not have been tolerated, as the only
group with the necessary expertise to effect such improvements
was seen as being the group of philosophers of which Airy was a
part, and which saw itself as the proper site for scientific
power.

Chapter 6 1is concerned with another member of +this elite

group in his institutional context - Michael Faraday. Faraday was

one of the most famous members of the scientific community,
whilst taking very little part in scientific organisation and
politics. I attempt to show that he had very definite views on
the importance of men of science to society, and on their
relationship to other groups such as instrument makers, despite
this aversion to participation in scientific politics. His views
on this subject are also integrated with his religious beliefs.
The chapter also discusses Faraday’s relationship with the
instrument makers he employed as an individual and as a worker
at the Royal Institution, and contrasts his work and context with
another group of practitioners interested in electricity, a
group who included instrument makers among their number but who
pursued their studies on the periphery of the elite scientific
community and its institutional base. This group, which found one
focus of activity in the short-lived London Electrical Society,

has been studied in recent years by David Gooding57 and

57D.Gooding, ""Magnetic curves" and the magnetic field:
experimentation and representation in the history of a
theory", in D.Gooding, T.J.Pinch, and S.Schaffer (eds.), The
Uses of Experiment. Studies 1in the Natural Sciences,
(Cambridge, 1989), pp.183-223.
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Iwan Rhys Morus.58

Having discussed four individual members of the scientific
elite, the following chapter is concerned with a fuller
development of a perception of the nature of this group and its
place in society. The focus in Chapter 7 is on the British

Association for the Advancement of Science. Founded in 1831, the

Association contained the leading philosophers and instrument
makers in its number, and claimed to be more of a forum for the
real man of science than could be the Royal Society, for which
calls for reform at the +time were vehement. Thus the
Association’s declared interests were seen as a direct expression
of the interests of the scientific community. This chapter
considers the role that instrument makers were able to play in
the new institution, and brings out the theme of career
advancement as the primary motive behind makers’ participation
in the annual meetings. Makers could display instruments and

contribute papers at the meetings which, given that they took

place at different locations in the British 1Isles, spread the
makers’ names in circles of potential employers at a local and
national level, and hence served as useful investments which, if

successful, guaranteed at least some financial returns.
In contrast, the philosophers used the Association also as a

means of career advancement, but with social status, not

58I.R.Morus, The Politics of Power. Reform and Regulation in the
work of William Robert Grove, (Ph.D. Thesis, University of
Cambridge, 1989), esp.pp.12-46.
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financial return, as their goal.5? Chapter 7 is concerned with
the means by which this group of philosophers took part in the
proceedings of the B.A.A.S. and were able to use it as a forum in
which to state their claims to recognition as an elite group in
society and as the chief agents of technological progress and the
creation of national wealth. Governing power in the B.A.A.S.
was to be vested in a group of philosophers who subordinated
the activities of other groups to the progress of society and
the furtherance of their own careers - which meant the
enhancement of their personal status, not the accumulation of
wealth., Instrument makers, though granted a role within the
Association and within society, were one such subordinate
group. Any sort of power within the scientific community as
defined by the B.A.A.S. was denied to the instrument maker.

It should be noted that I include the British Association as
a London-based institution in this thesis, despite the fact that
its annual meetings never took place in London. The
Justification for this is that its Council, which carried on its
business between meetings, was based in London. In addition,
governing power in the Association was wielded by philosophers
who were very much metropolitan-based. Thus the inclusion of the
British Association, while it may initially seem anomalous
amongst these other London-based case studies, can be justified.

The final case study (Chapter 8) discusses the other avenues

by which the ambitious instrument maker could attempt to gain

59This theme is discussed in J.B.Morrell and A.Thackray,

Gentlemen of Science: Early Years of the British Association
for the Advancement of Science, (Oxford, 1981).
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status within the scientific community. Firstly, the makers role
in the new scientific societies which burgeoned in the early
nineteenth century (such as the Astronomical Society and the
Microscopical Society of London) is addressed. This is followed
by an analysis of +the ways in which makers could employ
publication media such as books and scientific journals. Having
discussed the various ways in which the instrument maker could
make use of institutions and publishing media within the
scientific community, and argued that his activity in these areas
was motivated by a desire to promote his trade, the chapter goes
on to consider at length the nature of the business pressures
which the maker faced in the nineteenth century, and which caused
him to have less time to devote to original work than had been

the case in the eighteenth century.

6. The Philosopher in the Nineteenth Century: The Role of

Political Economy.

By means of these 7 case studies, then, this thesis attempts
to show the loss of status in the scientific community for the
scientific instrument maker in the first half of the nineteenth
century, and to ascribe it to three broad processes: the
increasing complexity of the designs demanded for new
instruments, the effects of the Industrial Revolution in giving
rise to an expanded market, and the emergence of a new elite
in society from which the instrument makers were excluded. The
emphasis throughout is on the latter process, and Jjust as
important in this thesis as the loss of status on the part of
the maker is the means by which the philosopher was able to
articulate his claim to membership of an elite group in society.
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A key element in the philosopher’s strategy, a linking theme
in the thesis as a whole, was to emphasise the relevance of his
activities to political economy.

The philosophers could show by using political economy that
their activity and their discovery of scientific principles
could, if properly applied to practical ends, produce wealth for
the State, and thus in turn for the individual.®® The most
frequently cited example was of course the steam engine .61
Political economy was in many ways the ideal vehicle for the
legitimation of their practice, because it was so popular at the
time. Whereas not everyone read the latest Jane Austen novel, or
the latest work by famous men of science such as Humphry Davy or
Michael Faraday, or a new work on astronomy, everyone from
Royalty to factory workers read political economy.®2 The 1leading

examples of the science were David Ricardo’s Principles of

60Besides this idea, of the philosophers using political economy
as a justification of their enterprise, it has also been shown
recently that political economy could be used as a resource to
solve problems within natural philosophy: see M.N.Wise (with
the collaboration of C.W.Smith), "Work and Waste: Political
Economy and Natural Philosophy in Nineteenth Century Britain",
History of Science, 1989 (27), pp.263-301, 391-449, and 1990
(28), pp.221-61.

61See for example "Address by Roderick Impey Murchison and Major

Edward Sabine", Report of the Tenth Meeting of the British
Association for the Advancement of Science, held at Glasgow in
1840, PP.xxxv-x1lviii, on p.xxxv which eulogises, in his

native city, the intellectual feat of Watt in guaranteeing
progress, In the rest of this thesis these publications are

abbreviated to, for example, B.A.A.S. Report, Glasgow, 1840,
etc.

62For an assessment of the role of political economy, see

M.Berg, The Machinery Question and the Making of Political
Economy 1815-1848, (Cambridge, 1980).
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Political Economy and Taxation,®3 James Mill’s Elements of
Political Economy,?%* his son John Stuart Mill’s rather later
Princibles of Political Economy,®’ and above all Adam Smith’s
Wealth of Nations.%¢ Smith’s exposition of the virtues of the

division of labour gave an explicit role to the philosopher in

the creation of wealth. He wrote:

All the improvements in machinery, however, have
by no means been the inventions of those who had
occasion to use the machines... Many improvements
have been made by those who are called
philosophers or men of speculation, whose trade it
is, not +to do any thing, but to observe every
thing, and who, upon that account, are often
capable of combining together the powers of the
most distant and dissimilar objects. In the
progress of society, philosophy or speculation
becomes, like every other employment, the
principal or sole trade and occupation of a
particular class of citizens.67

Smith thus gave a role to the man of science in the creation
of wealth., 1In addition, Smith distinguished between ©productive
and unproductive labour; productive labour which adds to the
value of the subject upon which it is bestowed, and unproductive

labour, which does not.®8 While the latter can have a certain

importance, and among this class of labour he includes that of
churchmen, lawyers, and physicians, as well as musicians and
63D,Ricardo, Principles of Political Economy and Taxation,

(London, 1817).

64 James Mill, Elements of Political Economy, (London, 1821).

65 John Stuart Mill, Principles of Political Economy, (London,
1848).

66A,Smith, An Inquiry into the Nature and Causes of the Wealth
of Nations, (London, 1776). New edition, edited by
R.H.Campbell, A.S.Skinner, and W.B.Todd, (Oxford, 1976).
Subsequent page numbers refer to new edition.

67 rbid., p.21,
68 rbid., p.330.
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buffoons, productive 1labour is emphasised as more important,
especially when elsewhere in the book he calls the appellation
unproductive "humiliating" .69 Philosophers could thus pride
themselves that their labour was productive and so in some sense
superior to that of the three traditional professions of
divinity, law, and medicine. It should be noted of course that
the 1labour of the instrument maker also complied with the
definition of productive labour; however, the man of science
extended Smith’s discussion to make his the most vital role in
the creation of wealth, in so doing elevating himself above
classes such as instrument makers, engineers, and indeed artisans
in general, in a social hierarchy.

Later writers on political economy endorsed Smith’s views on
the value of the work of the philosopher. John Stuart Mill,
writing in 1848, ascribed the same central role to the
philosopher in assuring national wealth:

In a national, or universal, point of view, the
labour of the savant, or speculative thinker, is
as much a part of production in the very narrowest
sense, as that of the inventor of a practical art;
many such inventions having been the direct
consequences of theoretic discoveries, and every
extension of knowledge of the powers of nature
being fruitful of applications to the purposes of
outward life...[Mill cites the electro-magnetic

telegraph as an example of this]...No limit can be
set to the importance, even in a purely productive
and material point of view, of mere thought...But

when...we...consider not individual acts, and the
motives by which they are determined, but national
and universal results, intellectual speculation
must be looked upon as a most influential part of
the productive labour of society, and the portion
of 1its resources employed in carrying on and in
remunerating such labour as a highly productive
part of its expenditure.?79

69 Tbid., p.664.
70J,S,Mill, op.cit. (note 65), p.41.
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Mill’s work was rather unusual in political economy texts of
the period in making such explicit reference to the vital role
seen as being played by the man of science in the economic
progress of the nation. While personal economic advancement was
not a primary motivation for the group of philosophers discussed
in this thesis, demonstration that their work caused an economic
advance was important as a legitimation of their activity. Mill’s
work effectively expounded other aspects of their philosophy as
well - for example their perception of their position in a social
hierarchy above classes such as the artisan community would have
been supported by passages such as the following:

Of the features which characterise the progressive
economical movement of civilised nations, that
which first excites attention, through its
intimate connection with the phenomena of
Production, is the perpetual, and so far as human
foresight can extend, the unlimited, growth of
man’'s power over nature...This increasing physical
knowledge is now, too, more rapidly than at any
former period, converted, by practical ingenuity,
into physical power...[Mill again uses the
telegraph as an example]...the manual part of
these great scientific operations is now never
wanting to the intellectual; there is no
difficulty in finding or forming, in a sufficient
number of the working hands of the community, the
skill requisite for executing the most delicate
processes of the application of science to
practical uses.?1!

In other words, the role played by the artisan, such as the
instrument maker, involved manual work, not thought, and however
skilled the work, it was not as important in terms of the
generation of wealth as was the intellectual 1labour of the

designer of such tools.

I do not wish to claim that philosophers used Mill directly

"1 1bid., ©p.696.
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as a resource in order to claim their elite social status in
nineteenth-century Britain. Rather, I wish to show by this
reference to Mill’s work that philosophers could point to the
doctrines of political economy, when seeking to establish claims
to intellectual authority and elite status. The Principles of
Political Economy has also been quoted to demonstrate that
themes manifest to the leading social thinker of his generation -
themes such as the central position of the philosopher in
national economic advance - are integral to this thesis.

During the course of the case studies it will emerge that
some philosophers had a different view of the role the
philosopher played in the progress of technology than others -
William Whewell’s vision was unlike that of Charles Babbage, for
example. But political economy per se was employed across the
range of commitments prevalent in the group of philosophers
discussed, and for all who claimed membership of the elite
scientific community, groups of actors without claims to the
central role in economic progress, such as instrument makers,
were outside that community. In the next chapter I propose to
discuss the institution which, at the start of the nineteenth
century, would have been regarded by many as identical with the
scientific community to which I have been referring in this
Introduction - the Royal Society. As such it forms the natural
starting point for the arguments I wish to make about those

engaged in the scientific enterprise in nineteenth-century

Britain.
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CHAPTER TWO

THE ROYAL SOCIETY
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The elite precision instrument maker was a full member of
the scientific community in the eighteenth century. This thesis
aims to show that this was no longer the case by the first half
of the nineteenth century. It is therefore proposed to examine
the position of the leading makers in the context of their
membership of the country’s first scientific society - the Royal
Society - in the nineteenth century, in comparison with their
participation in its affairs and contributions to its learned
journal in the eighteenth century, as described in the
Introduction (Chapter 1). The analysis covers two basic issues:

(i) the value to the instrument makers of Fellowship and

participation in the affairs of the Society; and

(ii) the use that those in positions of power within the

Society made of groups such as instrument makers.

I will argue that the dominance of various interest
groups amongst the philosophers caused a general loss of status
to the instrument maker within the Society, though participation
in the Society’s activity was still an important career goal for
the leading makers.

The important point +to note, before proceeding to any
analysis of the role of a particular group within the Society
over the period in question, is that the composition of the
dominant interest groups was not constant in time. For the first

20 years of the nineteenth century the Society was a virtual
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dictatorship under the Presidency of Sir Joseph Banks,! though on
Banks’® death a rather different state of affairs prevailed,
with a "scientific" President, Sir Humphry Davy, at the helm.?
The Presidencies of Davies Gilbert3 and the Duke of Sussex were
characterised by demands for reform of the Society by active
minorities amongst the Fellowship. This period in the history of
the Society, and in particular the events leading up to John
Herschel’s defeat at the hands of the Duke of Sussex in the
Presidential Election of 1830, has been extensively discussed by
historians of science,? and this chapter is not intended to be

a contribution to that discussion. Rather, I mention the

1Banks’ reign and the "Banksian Learned Empire" are discussed
in D.P.Miller, The Royal Society of London 1800-1835: A Study
in the Cultural Politics of Scientific Organization (Ph.D.
Thesis, University of Pennsylvania, 1981), esp.pp.9-64. See
also H.C.Cameron, Sir Joseph Banks. The Autocrat of the
Philosophers, (London, 1952), and E.Smith, The Life of Sir
Joseph Banks, (London, 1911).

20n Davy’s Presidency, see Miller, op.cit. (note 1), pp.243-
88. Also of interest are M.B.Hall, All Scientists Now. The
Royal Society in the Nineteenth Century, (Cambridge, 1984),
pp.16-32, and L.F.Gilbert, "The Election to the Presidency of
the Royal Society in 1820", Notes and Records of the Royal
Society of London, 1955 (11), pp.256-79. A more recent
extension of the work in Miller’s Ph.D. Thesis is D.P.Miller,
"Between Hostile Camps: Sir Humphry Davy’s Presidency of the
Royal Society of London 1820-1827", British Journal for the
History of Science, 1983 (16), pp.1-47. On Davy’s career, see
J.A.Paris, The Life of Sir Humphry Davy, (London, 1831).

3A,C.Todd, Beyond the Blaze. A Biography of Davies Gilbert,
(Truro, 1967).

41,,P.Williams, "The Royal Society and the founding of the
British Association for the Advancement of Science", Notes and
Records of the Royal Society of London, 1961 (16), pp.221-33;
Miller, op.cit. (note 1), pp.350-72; Hall, op.cit. (note 2),
pPp.45-62; R.M.Macleod, "Whigs and Savants: Reflections on the
Reform Movement in the Royal Society", in I.Inkster and
J.B.Morrell (eds.), Metropolis and Province. Science 1in
British Culture 1780-1850. (London, 1983), pp.55-90.
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Presidential history of the Society in the period only to
emphasise that the existence of different individuals in
positions of authority would be expected to have different
consequences for groups with interests in the affairs of the
Society. This chapter examines the similarities between the
attitudes to instrument makers across the different regimes, and
I argue that, whatever the composition of the Council, whether it
be predominantly aristocratic or mainly of men of science, the

instrument makers were subordinate to higher interests.

1. The "Reform Movement” in the Royval Society.

Historiography of the Royal Society in the early nineteenth
century 1is somewhat plagued by an abstract notion of a "reform
movement" seeking to uphold the claims to power in the Society
of those genuinely interested in science, over those seeking only
the prestige of the letters F.R.S.%5 Unfortunately, it has been
usual only to characterise this "reform movement" in very vague
terms so that it has been difficult to ascertain how exactly it
operated, or, for that matter, if it ever existed except as a
historical construct to explain retrospectively the effect of
reform. In recent years, however, work has appeared which has
been a welcome addition to the literature on the Royal Society
and which makes explicit the motives of various interest groups
within the Society wishing to effect change.

Miller has argued that historians in the past have suffered

from imagining a large group of reformers with a single wunified

5Particularly weak in this respect is H.G.Lyons, The Royal
Society 1660-1940: A History of its Administration under its
Charters, (Cambridge, 1944), pp.228-71.
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strategy where none existed.® His argument is that the reform

group in the Royal Society in the 1820s drew wupon four main

groups, all of which existed to some extent in the early part of
the century as well. Miller’s groups are, firstly, a "Cambridge
Network", based around the University, secondly, a group of

London mathematical practitioners (the group this essay will be
concerned with), +thirdly, a group of geologists active in the
Geological Society of London, and fourthly, a group of military
and naval men devoted to scientific activity (Miller calls them
"Scientific Servicemen").

The "Cambridge Network" gained cohesion with the formation
of the Analytical Society by John Herschel, Charles Babbage, and
George Peacock in 1812.7 This Society had as its declared aim the
reform of British mathematics, upon a French model, and provided
a base for the friendships around which the "Network" developed,
as well as giving a focus to young philosophers with grievances
against the prevalent establishment. Although Herschel and
Babbage gave up their work in pure mathematics fairly early in
their careers, mathematical ability of the very highest order was
maintained by them and by other members of the "Network" as a
necessity for someone to be considered a real philosopher.® These
men saw themselves as having such ability and used this vision as

part of their rhetoric to claim intellectual superiority over

6Miller, op.cit. (note 1), pp.75-6.

TFor background on the Analytical Society, see J.M.Dubbey, The
Mathematical Work of Charles Babbage, (Cambridge, 1978);
S.S.Schweber, "Prefatory Essay", in S.S.Schweber (ed.),
Aspects of the Life and Thought of Sir John Frederick William
Herschel, (2 volumes, New York, 1981), Volume 1, pp.54-67.

8Miller, op.cit. (note 1), pp.77-96.
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other groups in society and other groups of participants in the
scientific enterprise. As a prevalent ideology among the members
of the Cambridge Network, this notion of mathematical competence
as a guarantor of intellectual and social superiority will be a
recurrent theme in this thesis, particularly in the chapters on

Cambridge-educated mathematicians Babbage and Airy.

However, in this chapter I wish to concentrate on the
second of Miller’s reform groups, the London mathematical
practitioners.?® Essentially, a mathematical practitioner is

seen as someone who was capable of applying mathematics to the
solutions of everyday problems in astronony, navigation,
surveying, etc.. As such application generally involved

mathematical instruments we <can see the significance of the

category, because the instrument maker, certainly 1in the
eighteenth century, was a central member of this group, and, as
we have seen, also of the scientific community as a whole. 1In

the nineteenth century, however, the maker became not only
peripheral to the scientific community, but also in some sense
peripheral to the interests of the sub-groups within the
mathematical practitioners who joined the other groups seeking
reform. I would maintain that it was those mathematical
practitioners who showed an interest in the advancement of
theory, such as Peter Barlow and Samuel Hunter Christie,l? who
were important to Miller’s analysis, whereas the concept of
scientific reform was a secondary interest to instrument makers,

who became more concerned with their businesses than with

9Ibido, pp-96—1200
10Their work is discussed in ibid., pp.102-3.
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effecting change within the Royal Society. So 1in a sense the
instrument makers’ interests grew apart from the interests of
the metropolitan mathematical practitioners, a state of affairs
that was well established by the end of the Banks era.

It was also at this time that the foremost of the
mathematical practitioners’ claims to status within the
scientific community were being heard, for during the period of
Banks’ presidency they had been rather external +to the power
groups of the Royal Society. This can partly be attributed to the
generally aristocratic nature of most of the Fellowship, who
tended to deny power to those of lesser social standing, and
partly to the removal of Charles Hutton, a mathematical teacher,
textbook writer, and researcher, from the post of Royal Society
Foreign Secretary in 1784.11 Miller shows that this resulted in
the secession of a number of the mathematical practitioners from
the Society, and that the bitterness of 1784 continued for many
years to shape the attitudes of the mathematical practitioners,
and the aristocratic Royal Society elite under Banks, towards
each other.12 Nevil Maskelyne, as Astronomer Royal, was one
of Hutton’s leading defenders in these disputes, and he was able
to ensure that the mathematical practitioners had a role to play
in the Royal Observatory and the Board of Longitude, but the
attitude of Banks and his supporters meant that the practitioners
involved lost their previously central role in the affairs of the

Society.

11 1bid., prr.108-9; Cameron, op.cit. (note 1), pp.128-34;
Lyons, op.cit. (note 5), pp.212-14,

12Mjller, op.cit. (note 1), pp.108-15.
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This loss of status necessarily extended to some degree to
the whole community of London mathematical practitioners, and as
a result the mathematical teachers and researchers of the
community were forced to pursue their work outside the Royal
Society, with instrument makers entering Society affairs mainly
as necessary workmen. The small part that those such as Edward
Troughton were able to play in research and Society business only
served to highlight +the general trend. By the time the
practitioners came to form alliances of mutual interest with
other dissatisfied groups such as the Cambridge mathematicians,
the division of labour had in practice further emphasised the
position of +the maker as artisan so that any claims to
intellectual status and power within the scientific community as
a whole which the practitioners made, were made by an element
which did not feature the instrument maker among its number.

Hence, when Miller refers to the discontent of the
mathematical practitioners with the Royal Society establishment
during the Presidencies of Davy and Gilbert in the 1820s, he is
dealing with only a sub-group of +the practitioners as he
initially characterised them, a sub-group which included those
seeking to establish claims to intellectual authority by their
mathematical expertise, but a sub-group which did not include the
instrument maker, whose status now was effectively that of a
skilled manual workman.

In addition, it was members of +this sub-group of the
mathematical practitioners claiming intellectual authority, and
members of the "Cambridge Network", who could point to their
achievements in instrument design as one facet of their ability
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and one Jjustification for the status they sought. The real
innovations that were being made in instrument design in this
period came from the side of these men, not from that of the
makers., Mathematics became a method of invention in connection
with the study of physical instruments, and this wuse of
mathematical theory increased accuracy to a point which would
have been impossible by mere rule of thumb workmanship.!3 Thus
rhilosophers versed in mathematics became the inventors of new
instruments, and their constructors were only capable of making
practical refinements, owing to the complexity of the theory
behind the innovations (this theme will be discussed further
in the chapter on Airy). Such effects further diminished the
instrument makers’ role in scientific research. I would now like
to examine in more detail the role that the maker managed to play

in the Royal Society in the face of such changes.

2. The Instrument Maker as a Fellow of the Royal Society.

Although Fellowship of the Royal Society was a relative
commonplace among the top London precision instrument makers of
the eighteenth century, and contributions of research papers on
instrument design and other scientific topics (for example, Short
on astronomy and Nairne on electricity) abounded, these ceased to
be the case in the early nineteenth century. If membership of
the scientific community was to be judged on contributions made
to the Philosophical Transactions, the bare statistic that only
five such contributions were made by instrument makers in the

nineteenth century, compared with over 80 in the last 60 years

13 1bid., p.174.
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of the eighteenth century, seems to suggest that instrument
makers could no longer claim to be members of that community.l14%

This analysis aims to go beyond that bare statistic in order
to examine the part that those makers who did become Fellows
played in the work of the Society, and also examines the work
done for the Society by instrument makers who did not become
Fellows., In this way, I hope to show that the statistic
representing the decrease 1in research work submitted for
publication in the Philosophical Transactions was a true
reflection of the diminishing role these artisans played in the
affairs of the country’s first scientific society.

Five London instrument makers became Fellows of the Royal
Society 1in the nineteenth century: Edward Troughton, in 1810,
George Dollond (1819), Thomas Jones (1835), William Frodsham
(1839), and William Simms (1852).15 All of these men had some
family or business connection with makers in the eighteenth
century as well. Troughton’s brother John was a top maker in the
latter part of the century, and Simms was Edward Troughton’s
partner. Dollond was the nephew of Peter Dollond, Jones had been

an apprentice of Jesse Ramsden, and Frodsham was part of a 1long

l4These statistics have as a basic assumption my definition of
instrument maker given in chapter 1.

155ee the List of Fellows in The Record of the Royal Society of
London, (London, 1912). Thomas Grubb and his son Howard, both
of Dublin, were also elected (in 1864 and 1883 respectively),
though as a part of the Irish scientific community they fall
outside the scope of this thesis.
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line of famous chronometer makers of the same name.l®¢ Neither
Frodsham nor Simms had research papers published 1in the
Philosophical Transactions, Troughton and Jones wrote one such
paper each,l?’ and Dollond wrote two.l18 One maker who never became
a Fellow also contributed a paper - Francis Watkins.1® These
were the only papers by men who made their 1living by
constructing instruments which appeared in the foremost learned
journal of the scientific community in the nineteenth century.

It is important to note, however, before setting any store
by this dearth of contributions to the Philosophical
Transactions, that the journal’s composition in other subject
areas had not been constant in the nineteenth century. For
example, from 1800 to 1830 the journal did not contain a single

paper on botany, and a decreasing number on geology and

16 For brief biographies of these men, see E.G.R.Taylor, The
Mathematical Practitioners of Hanoverian England, 1714-1840,
(Cambridge, 1966).

17E,.Troughton, "An Account of a Method of dividing Astronomical
and other Instruments by ocular Inspection; in which the usual
Tools for grinding are not employed", Philosophical
Transactions of the Royal Society of London, 1809, pp.105-45;
T.Jones, "Description of an Improved Hygrometer",
Philosophical Transactions of the Royal Society of London,
1826, pp.53-4.

18G,Dollond, "An Account of a Micrometer made of Rock Crystal",
Philosophical Transactions of the Royal Society of London,
1821, pp.101-4; G.Dollond, "An Account of a Concave Achromatic
Glass Lens, as adapted to the Wired Micrometer when applied to

a Telescope, which has the property of increasing the
magnifying power of the Telescope without increasing the
diameter of the Micrometer Wires", Philosophical Transactions

of the Royal Society of London, 1834, pp.199-203.

19F.Watkins, "On the magnetic powers of soft iron",
Philosophical Transactions of the Royal Society of London,
1833, pp.333-42, This paper was communicated to the Society on
behalf of Watkins by John George Children.
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astronomy. These matters can be fairly easily accounted for, 1if
it is realised, for example, that the Linnean Society, having
been founded in 1788, provided an arena for the latest botanical
research, outside of the Royal Society. Similarly, geologists and
astronomers could communicate their researches just as easily to
the Geological and Astronomical Societies as to the Royal. For
the instrument makers no such specialist society existed as a
forum for their research, and although some independent journals
were around in the early nineteenth century,2?® +the 1lack of
research papers by instrument makers in the Philosophical
Transactions can be taken as indicative of a general lack of
written research by makers, where the dearth of botanical
research 1in the journal cannot be taken as proof of a loss of
interest in botany.

By considering the roles the three makers who were Fellows
and who did make contributions to the Philosophical Transactions
prlayed in the Royal Society in the nineteenth century, general
themes relevant to the changed role of the maker in the
scientific community will become apparent. In short, the maker
was able to use participation in the affairs of the Society as
a convenient means of promotion of his own business, rather than
as a disinterested contribution to the advancement of science

(as had Ramsden, for example), but his participation was very

20By this I mean journals such as the Philosophical Magazine,
and W.Nicholson’s Journal of Natural Philosophy, Chemistry,
and the Arts.
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much subordinate to that of the different ruling elites in the
Society, who employed makers to help in work, prosecution of

which would be useful to the former in career terms.

3. Edward Troughton: The Instrument Maker as Artist.

The first maker to become a Fellow of the Royal Society in

the nineteenth century was Edward Troughton. Born in 1753,

Troughton became apprentice to, and then partner of, his elder
brother John.21 Edward considered that his brother:

+e+in the art of dividing, was justly considered

the rival of Ramsden; but he was then almost

unknown beyond the circle of the mathematical and

optical instrument makers; for whom he was chiefly

occupied in the division, by hand, of small

astronomical quadrants, and Hadley’s sextants of
large radius.22

The younger Troughton, by 1800, had attained a pre-eminent

position among the elite mathematical instrument makers of

London by his practical work, in particular on large
astronomical instruments. However, it was apparent that, unlike
contemporaries such as Ramsden, written research was not

forthcoming from Troughton, and also, unlike Ramsden and other
makers, he did not have the full claim to membership of the
scientific community that a Fellowship of the Royal Society would
provide. That Troughton did make improvements in instruments like
the other makers, however, is shown by a revealing letter which

he wrote to Nicholson’s Journal of Natural Philosophy in 1804:

+esI have often thought of registering... the
improvements which I frequently make in
21A.W,.Skempton and J.Brown, "John and Edward Troughton,

Mathematical Instrument Makers", Notes and Records of the
Royal Society of London, 1973 (27), pp.233-62.

22Troughton, op.cit. (note 17), p.106.
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astronomical and other instruments. No man perhaps
had ever a greater antipathy to writing than
myself, and drawn as I am into the vortex of
business, and working with my own hands from nine
to twelve hours in a day, leaves me with but
little time for literary pursuits.23

The sentiments expressed here show that even by the early
1800s, an instrument maker’s business was becoming very much a
full-time occupation. Economic pressures forced the maker to
devote almost all his time to the actual running of the business,
where 1in the past a maker such as Short or Ramsden or the
Dollonds could as easily devote their time to research of a
scientific nature. 1In addition, though it is somewhat early to
make general comparisons, the improvements which Troughton
referred to his having made in instruments were very much
practical improvements, whereas the eighteenth-century maker’s
discourse was concerned with the improvements he made in the
principles of instrument design.

Troughton’s main written contribution to research and to the
furtherance of the instrument maker’s art was a paper submitted
to the Royal Society on his method of dividing the scales of
astronomical instruments, published in the Philosophical
Transactions for 1809,24 and earning him the Society’s highest
accolade, the Copley Medal, for that year. The paper was
communicated to the Society by the Astronomer Royal, Nevil

Maskelyne, who was well acquainted with Troughton’s work from

commissions which had been executed by the maker for the Royal

23E,.Troughton, "Description of a Tubular Pendulum", Journal of
Natural Philosophy, Chemistry and the Arts, 1804, pp.225-30,
on p.225.

24Troughton, op.cit. (note 17).
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Observatory at Greenwich. The letter which Troughton wrote to
Maskelyne in initially presenting him with the paper illustrates
the artisan’s view of his status with respect to a top man of
science, and also of the state of his own art. As such it 1is
worth quoting in full:

The science which you profess, and the Art which
it has fallen to my lot to cultivate, are so
nearly allied that, had I been personally unknown
to you, and a stranger to the patronage which you
have always given to the useful arts, I should
still have wished the papers annexed to have
passed through your hands to the public. You will
readily thence infer, how much I feel myself
flattered by having obtained from your
condescension, the privilege of their being
presented to the Royal Society, through a channel
which must secure for them the most favourable
reception.

My reputation for the dividing of Astronomical and
other instruments is by no means unknown to the
world, but the means by which I accomplish it, I
have hitherto thought proper to conceal. And if
that concealment had been essential to the
advancing of that reputation, or to the immediate
security of my own interests, it is probable that
it might still longer have rested with myself.
Relying, however, as I do, on the probability that
I shall find sufficient employment while I am
capable of active life, I know of no honourable
motive that should prevent me from allowing it to
be useful to others.

How a young Artist, who may Jjust be beginning to
make his way to fame or wealth, may receive it, I
know not, but I wish him to understand, that I
consider myself now in the act of making him a
very valuable present.25

Troughton’s outlook in this letter may again be wusefully
contrasted with that of Ramsden or the Dollonds. Ramsden saw his
improvements in instrument design as a contribution to the
advancement of science; Troughton’s paper is explicitly seen as a

contribution to the instrument maker’s art, and although I have

25E.Troughton to N.Maskelyne, 23 June 1808, Miscellaneous
Correspondence 1.35, Royal Society Archive.
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stressed the increasing economic pressures which the instrument
maker experienced in the wake of the Industrial Revolution, it
should not be assumed that the maker responded to these pressures
in ways concerned only with the expansion of their business. As
this letter illustrates, gentlemanly honour could be part of the
code of conduct of the instrument maker just as much as it was
for the philosopher - hence Troughton’s willingness to make his
method public rather than attempt to continue to make a profit
from it. Of course it will have been the case that he wished to
profit from his method in another way - by its making his name
more well known in the scientific community. The paper in the
Philosophical Transactions and the Copley Medal would have
helped to achieve this, and these were followed in 1810 by his
election to a Fellowship of the Royal Society, the first maker in
the nineteenth century to be so honoured.

Troughton’s paper was a particularly lengthy one for the
Philosophical Transactions, running to nearly 40 pages of text,
in addition to a number of technical drawings. His method
of dividing was seen as providing both an economy of time for the
workman, and an economy of skill in the sense that if the steps
as Troughton laid them down were followed, any workman could
divide a scale as accurately, and quicker, than the most skilled
artisan could by any other method.26¢ It is not my purpose to
enter here into the technical details of the method of scale
dividing expressed in the 1809 paper - the paper itself conveys

these better than any paraphrase. However, it should be pointed

26 Troughton, op.cit. (note 17), pp.136, 142.
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out that Troughton’s method was explicitly seen as applying to
instruments of large radii - the dividing engine developed by
Ramsden was acknowledged as still being the best method of
division of smaller instruments.27 But the main point about this
paper is that it was a practical addition to the instrument
maker’s repertoire, a testimony to Troughton’s practical
expertise in his art, but an addition that was seen as giving
opportunity to a wider range of artisans than before to produce
accurate work, which would inevitably reduce the claim to special
status of the elite instrument maker:
The number of persons dividing originally have
hitherto been very few; the practice of it being
so limited that, in less than twice seven years, a
man could hardly hope to become a workman in this
most difficult art...if, by the method here
revealed, I have not rendered original dividing
equally easy with what copying was before, I have
spent much labour, time, and thought in vain. I
have no doubt indeed, that any careful workman
who...has the ability to construct an astronomical
instrument, will, by following the steps here
marked out, be able to divide it, the first time
he tries, better than the most experienced
workman, by any former method.?8
Whatever the implications of Troughton’s method of scale
dividing for future instrument making practice, in terms of the
gradual removal of the individual skilled element in the process,
it was an effective means of establishing his own name in
scientific and Royal Society cirles. Besides constructing a
number of instruments for all the major institutions in London,
and for many observatories overseas, work which established his

position as the leading instrument maker of his day, Troughton

was able to serve on Royal Society committees of inquiry into

27 Ibid., p.l12.
zsIbido, PP0133_40
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various subject areas.

It was often the case that the Royal Society’s advice was
sought by the Government on questions which had been raised in
Parliament. One such instance was in 1816, and concerned the
request for determination of the length of a pendulum vibrating
seconds in the latitude of London.2? Besides notable Fellows such
as William Hyde Wollaston, Astronomer Royal John Pond, and
President Banks, Troughton served on this committee in order to
add his expertise on instrumental matters concerned with the
determination.3? This is not to say that on every occasion that
instrumental considerations entered the work of a delegated
committee, an instrument maker was included. For example the 1819
Commission of 1Inquiry on Weights and Measures (not strictly
speaking a Royal Society committee, though all its members were
in fact Fellows) included only philosophers, with no instrument
makers present.3! However, it was true that the instrument maker
was able to aspire to some part within the affairs of the Royal
Society by serving on certain of such committees, This work of
committees will be considered at more length later.

Troughton was to maintain his position as the pre-eminent
member of the instrument making community throughout his 1life,
with his participation in the affairs of the Royal Society as a
major contributory factor in this. It is worth noting that he was

prevented from acquisition of the full range of instrument making

29C,R.Weld, A History of the Royal Society, (2 volumes, London,
1848), Volume 2, pp.252-3, (all subsequent references are to
this volume). See also Hall, op.cit. (note 2), p.14.

30Weld, op.cit. (note 29), p.253.
31 rpid., pp.255-70.
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skills by the defect of colour-blindness, which meant he could
not do any 1lens work - he usually delegated this work to
opticians such as George Dollond or Charles Tulley.32
Troughton took William Simms into partnership in 1826, by
which time he was an old man, so that Simms immediately took over
effective running of the business. He had for some time regarded
Simms as the best maker in the London artisan community,33 and by
1831, after a term as Vice-President of the Royal Astronomical
Society, Troughton retired.34 Taylor points out that a reviewer
in the Philosophical Magazine was able to write:
Mr.Troughton stands quite wunrivalled in the
construction of original astronomical instruments
+..we assert that Troughton does, and always will
hold that rank among makers of astronomical
instruments that Sir 1Isaac Newton does among
philosophers.35
Captain Kater, meanwhile, described Troughton as "second to
none in the Kingdom in point of accuracy".3® Clearly Edward
Troughton’s position as the foremost instrument maker of his era
was not in doubt. However, the nature of the position of the

foremost 1instrument maker of the day with respect to the Royal

Society and the scientific community had changed. Troughton had

32R,.Sheepshanks, "Memoir of Edward Troughton", Memoirs of the
Royal Astronomical Society, 1836 (9), pp.283-90.

33E.Troughton to the Secretary of the Royal Society, 14 June
1824, Greenwich Observatory Correspondence, Item 30, Royal
Society Archive.

34Sheepshanks, op.cit. (note 32).
35Taylor, op.cit. (note 16), p.299.
36 rbid.
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made little written contribution to learned journals,37 whereas
earlier makers such as Short and Nairne had been, to say the
least, prolific in their output. In addition, the nature of such
research had changed from being a contribution to instrument
making design principles to being an addition to the instrument
maker’'s art. On Troughton’s death in 1835, the maker’s position
as very much an artisan, albeit a skilled one, was established,
and only two were Fellows of the Royal Society, underlining this

phenomenon.

4. George Dollond: The Instrument Maker as Practical Expert.

One of these Fellows, George Dollond, came from a secure
family background in instrument making. The other, Thomas Jones,
had been an apprentice to Jesse Ramsden. Dollond, born George
Huggins in 1774, had changed his name to Dollond, and was
Peter Dollond’s nephew.38 George Dollond had a keen appreciation

of the benefits that his career had received from the family

connection with two of the eighteenth century’s leading
instrument makers, so much so that he wrote to the Royal Society
in 1842:

Being desirous of paying every respect in my power
to the memory of my late grandfather, Mr.John
Dollond, the Inventor of the Achromatic Refracting
Telescope, for which he was honoured by the
Society with the Copley Medal, and having in my

37TThere are only 6 entries under Troughton’s name in the Royal
Society Catalogue of Scientific Papers, and only one
substantial paper after his election to the Fellowship of the
Royal Society - E.Troughton, "An Account of +the Repeating
Circle, and of the Altitude and Azimuth Instrument", Memoirs
of the Astronomical Society, 1822 (1), pp.33-54.

38Taylor, op.cit. (note 16), p.335.

60



possession a small but highly finished portrait of
that most excellent man, from whose talents I have
received so many advantages.,.3?
Dollond goes on to praise his grandfather further and to propose
to make a present of the portrait, to be hung in the Meeting Room
of the Society. The following year we find him proposing to make
another present, this time of a bust of John Dollond.49

Work which Dollond did for his wuncle, and for Edward
Troughton, (whose colour-blindness prevented him from undertaking
optical work), established his reputation in scientific
circles, which was further endorsed by his election to a
Fellowship of the Royal Society in 1819.41] However, unlike his
famous grandfather, he could not point to a collection of
original optical research as a basis for his election - rather it
was a reward for practical skill in instrument making.

The two research papers which Dollond contributed +to the
Philosophical Transactions subsequent to his election made him
the most prolific nineteenth-century instrument maker in this
respect, Both papers were very short, certainly compared to the
1809 paper by Troughton which had won the Copley Medal. In 1821
Dollond’s first paper appeared, 3 pages of text on a type of
micrometer made of rock crystal he had developed.42 Even the
title makes it apparent that this was a minor practical variation

in an existing instrument, rather than an instrument on entirely

39G.Dollond to the President and Council of the Royal Society, 6
June 1842, Miscellaneous Correspondence 3,222, Royal Society
Archive.

40G.Dollond to J.W.Lubbock, 3 November 1843, Miscellaneous
Correspondence 3.308, Royal Society Archive.

41 The Record of the Royal Society of London, p.383.
42Dollond, op.cit. (note 18).
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new principles. Also, whilst it would be untrue to claim that
Dollond or any other instrument maker was ignorant of
mathematics, the paper did not contain any mathematical
equations, making it very much an address to a practical, rather
than a theoretical, question.

Dollond’s second paper was concerned with a concave
achromatic glass lens, adapted to the micrometer of a
telescope.43 Published in 1834, this application, as Dollond
acknowledged, arose from an idea on the part of a philosopher,
Peter Barlow. As Dollond wrote:

The achromatic lens which I have applied to the
wired micrometer, and which has been found ¢to
produce such very considerable advantages to that
instrument, arose out of a trial that was made at
the suggestion of Professor Barlow, for the
purpose of improving the chromatic aberrations
which affected the field of the eye-glasses
applied to the telescope invented by that
gentleman with a fluid correcting lens, and made
by myself for the Royal Society.%4
In other words Dollond acknowledged that the initial intellectual
labour was provided by a man of science, whilst maintaining that
his practical and manual labour were an important part of the
process by which the idea was brought to fruition:
veoit [is] not...my wish to take credit to myself
for anything like an invention, but merely for the
application of the lens to the micrometer, as I am
fully convinced that a concave lens, either simple
or achromatic, was never so applied before.%5
This is essentially the point I wish to emphasise about the

nature of the contributions made to the journal by instrument

makers in the nineteenth century - not only were they rare, but

43Dollond, op.cit. (note 18).
44 1bid., p.199.
45 rbid., p.203.
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they were very much examples of ingenious practical application
but no more. The deeper principles upon which instrument design
depended were not touched upon. Barlow’s own contemporaneous
paper illustrated the breadth of his interest in the subject, as
an extension of Dollond’s thinking on one situation in which the
concave achromatic lens could be applied in practice:
The great advantage which has attended
Mr.Dollond’s ingenious application of the negative
achromatic lens to the micrometer eyepiece, seems
to make it desirable +that the principles on
which that lens is constructed, and its general
application, should be more fully illustrated than
is done... by him in his recent paper in the
Philosophical Transactions... [The 1lens] would
most likely have been altogether lost sight of,
had it not again occurred to Mr.Dollond to try its
effect on the micrometer eyepiece for the Rev. Mr.
Dawes. It is therefore to Mr.Dollond we are
indebted for snatching the lens from the oblivion
into which I had allowed it to fall.4S6
Thus Dollond’s ingenuity was acknowledged, but Barlow'’s
superior expertise in scientific terms was implied. Practical
ingenuity in given situations, however, could be of considerable
value to the Royal Society. It was owing to a desire for such
practical expertise that Dollond was appointed to a committee
whose brief was to consider the "philosophical deficiencies
attendant on the manufacture of glass for scientific optical
purposes" .47 As leading optician of his day, and a Fellow,

Dollond was a natural choice for the committee, appointed on 6

May 1824, and which included Humphry Davy, William Hyde

46p,Barlow, "On the Principle of Construction and general
Application of the Negative Achromatic Lens to Telescopes and
Eyepieces of Every Description", Philosophical Transactions
of the Royal Society of London, 1834, pp.205-7, on p.205.

4TWeld, op.cit. (note 29), p.396.

63



Wollaston, Davies Gilbert, James South, Thomas Young, Dollond,
and four lesser-known philosophers.48 Michael Faraday gave an
account of the work which had been accomplished by the committee
by 1830, of which the following is an extract:

The Government not only removed the restrictions

to experiments on glass occasioned by the Excise
laws and regulations, but undertook to bear all

the expenses of furnaces, materials, and labour,
as long as the investigations offered a reasonable
hope of success. In consequence of these

facilities, a small glass-furnace was erected, and
many experiments, both on a large and a small
scale were made with flint and other glass... The
researches... soon showed themselves to be a work
of labour... and on May 5, 1825, a Sub-committee
was appointed, to whom the direct superintendence
and performance of experiments was entrusted... It
was my business to investigate particularly the
chemical part of the inquiry, Mr.Dollond was to
work and try the glass, and ascertain practically
its good or bad qualities, whilst Mr.Herschel was
to examine its physical properties...%?

However, Dollond, as a practical optician, did not find the
samples that he was given to be of the desired quality for
lenses, and the work of the committee and sub-committee in the
seven years of their existence up to 1831 was acknowledged to be
a failure in practical terms.5? The work of the committee is of
interest nonetheless, as an illustration of the role which the
skilled instrument maker was required to play in scientific
projects on behalf of the Royal Society.

Dollond was able to play a role in the Royal Society Club

as well - part of the social side of Fellowship of the Royal

48 1pid.

49M,Faraday, "On the Manufacture of Glass for Optical Purposes",
Philosophical Transactions of the Royal Society of London,
1830’ Pp.1—57'

505ee Hall, op.cit. (note 2), p.32, for a short account of the
achievements of the Committee.
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Society.51 The Club, which dined before the meetings of the
Society, was limited in membership to 40 Fellows, and Dollond
first attended as the guest of one of these, the Astronomer Royal
John Pond, in 1813.52 This suggests that even by this stage in
his career Dollond, though without any letters to his name, was a
social acquaintance of the philosophers who employed him - he had
certainly carried out optical work for Pond at the Royal
Observatory. Dollond himself was admitted into the elite club in
1833,53 and there is a record of his having attended the dinners
on a regular basis, and having had Richard Owen, the anatomist,
dine as his guest in January 1835.54 This suggests that Dollond
had a wider range of scientific acquaintances +than merely
astronomers needing telescopes from him, but the role which he
was able to take in these scientific circles remained very much
one of an expert in practical matters, with deeper theoretical
matters not being of concern to him. The Council of the Royal
Society continued to use him to advise on instrumental matters -
with his increased visibility as a member of the Royal Society
Club he was an obvious choice:
Agreeable to the request of the Council Oct 28
1836 I have examined the telescope made wupon
Prof.Barlow’s principle, and I find that the fluid
has escaped from the correcting lens, which
renders the telescope entirely useless, until it

is refilled, or the spare lens put in its place.
There 1is also a scratch upon the outer object-

51For details of the history of the Royal Society Club, see
A.Geikie, Annals of the Royal Society Club, (London, 1917).

52 Tbid., p.244.

53 Ibid.
54 Tbid., p.316.
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glass, but not of sufficient importance to affect
the performance of the telescope, when otherwise

correct., .55
Besides the technical advisory work for which the Council
drew upon Dollond’s expertise, an extensive catalogue of the
instruments in the Society’s possession was drawn up by the
optician in 1834,58 gand he served on the Meteorological Committee
of the Society in the 1830857 showing that his scientific
interests extended beyond optics and optical instrumentation.
However, the best illustration of his acknowledged expertise in
practical optical matters is that he was called upon by the
Society as a referee for papers submitted for publication in the
Philosophical Transactions. It had been decided by the President

and Council that the standard of the papers read and published

needed to be raised if the Royal Society was to maintain its

position as the foremost forum for research in the sciences. In
accordance with this sentiment, the Secretaries were advised, in
January 1833, that when there was any doubt as to the

suitability of a paper for reading or publication, they should
refer to such two Members of the Council as they considered
most conversant with the subject of the Paper 1in question, to

determine whether it should be read or not".58 This system

55G.Dollond to J.G.Children, 31 November 1836, Miscellaneous
Correspondence 2.230, Royal Society Archive.

56 Instruments and Apparatus belonging to the Royal Society,
(London, 1834).

57TMeteorological Committee Minutes etc., Domestic Manuscripts
3.107, Royal Society Archive.

58The system of refereeing was first announced in a vague way on

30 November 1832 - see Proceedings of the Royal Society of
London, 1832, p.141., and Hall, op.cit. (note 2), p.68.
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operated until 1838, when permanent committees in each department
of science were appointed to deal with the refereeing of papers.
Refereeing as such, however, dates from 1833.

A referee’s report by Dollond exists in the Society’s
archives on a paper by J.B.Reade on single achromatic eye-
pieces,5? an area in which Dollond would have been expected to
demonstrate some practical expertise. This is borne out by the
report itself:

In my opinion Dr.Reade’s paper is very carelessly
written, and contains more hearsay upon the
principal point in his argument respecting
Telescopes, than knowledge of the subject, and his
recommendation for throwing aside the Huygenian
and other systems of eye glasses likely to lead
the truly practical observer into many
difficulties.

The proposed Achromatic lens can only act as a
single lens of the same form and focus and cannot,
as he allows, be made of so short a focal 1length
as is in general required for such an adaptation.
And the difficulties which must necessarily occur
in finding out the proper "eye hole" to be applied
to the brilliancy or magnitude of the Planet or
Star, if it were very superior, would I think tire
the patience of any true Observer. And also it
does appear to me... that limiting the emergent
pencil, 1is equal to limiting the aperture of the
Object-Glass of the Telescope, either of these
methods having the effect of reducing the 1light
that should otherwise enter the eye, and
therefore, reducing in appearance those circles or
rings of aberration which surround a Star when
seen through a good Telescope...

I therefore conclude that Dr.Reade must in some
way have deceived himself.60

59J,B.Reade, "On the Construction and Use of Single Achromatic
Eye-pieces, and their superiority to the Double Eye-piece of
Huyghens", Proceedings of the Royal Society of London, 1840,
p.195.

60G,Dollond, "Report on Paper by J.B.Reade", Referee’s Reports

1.192, Royal Society Archive.
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Dollond’s report is worth quoting at some length not because
of any intrinsic interest for this discussion of the contents of
Reade’s paper, but because of the revealing nature of the
discussion. He 1is concerned with the practical inadequacies of
Reade’s argument, As such the validity of the theory behind the
paper is not addressed. This contrasts with the report of the
other referee on the paper, Astronomer Royal George Airy, whose
discussion was centred not only on practical problems but on
theoretical ones as well.®1 Airy’s opinion of the paper was that
it contained too much vague discussion, and not enough hard
theory. Thus it was a proper paper for a philosophical journal,
but not for the Philosophical Transactions. Dollond, on the
other hand, was concerned that the paper was not well written,
and with the practical faults in Reade’s argument. The gulf
between the nature of the two reports is indicative of the gulf
between the ideologies of the two men - Dollond, wishing +to
underline his position as an expert on practical optical problems
by criticism of the work of another supposed optical expert, and
Airy, wishing to establish what real scientific research was,
and the sort of paper one was expected to produce if one was to
be considered worthy of membership of the elite group of
philosophers of which he was one representative.

This notion of what exactly scientific work was, as defined
by actors in the period, will be a recurring +theme in this
thesis. While Dollond may have viewed his expertise in optical

matters as a guarantee of full participation in Royal Society

61G,B.Airy, "Report on Paper by J.B.Reade", Referee’s Reports
1.191, Royal Society Archive.
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matters, his discourse would not have been regarded by men of
science as that of a philosopher, and as such he was excluded
from full membership of the scientific elite, being regarded as
pre-eminent in instrument making practice but not as a
philosopher. Nonetheless, Dollond’s status is not unproblematic
for this argument, as his admission to the Royal Society Club
shows he was valued as a social contributor to Royal Society
business, an unusual accolade for an instrument maker. This may
partly be explained by reference to the prevalence of practical
committees on which he served, thus making him a visible Fellow,
and partly by his social status as Optician to the King. The
later makers who became Fellows took no such part 1in the
Society’s affairs, and therefore fit in more fully with the
characterisation of instrument maker as artisan versus man of

science as philosopher expressed in this thesis.

5. Thomas Jones: The Instrument Maker as Artisan.

Thomas Jones, born in 1775, had, as already mentioned,
learnt his trade under Jesse Ramsden, starting work as an
instrument maker aged 14.€2 In 1811 he obtained a patent for a
dividing instrument, the sectograph;®3 he published a description

of it in 1814,%% and a work on the mountain barometer in 1817.65

62"Thomas Jones", in Dictionary of National Biography. See also
Taylor, op.cit. (note 16), pp.342-3.

63 1bid., p.342.

64T,Jones, Description and Use of "The Sectograph", (London,
1814).

65T,Jones, A Companion to the Mountain Barometer, (London,
18117).
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While specialising in the whole range of optical, mathematical,
and philosophical instruments, Jones was perhaps best known 1in
scientific circles for his work as a rival to Troughton in the
construction of large observatory instruments. Although rivals in
business, the two makers were personal friends; for example one
contemporary, in discussing the mural circles, one by each maker,
at Greenwich, observed that the circles "seem to regard each
other as antagonists, yet there is the same cordiality between
them, as there has subsisted between their respective makers for
many years",66

Jones was already a firmly established maker by the time he
made his only contribution to the Philosophical Transactions, in

1826.67 This short paper was communicated to the Society by

Captain Henry Kater, for whom Jones had been working for some
years, particularly as maker of "Kater’s pendulums" under
instructions from their inventor.68 The subject of Jones’

contribution was an improved hygrometer which he had developed.
It is significant, however, that at the end of the paper, after a
fairly full description of the practical working of the
instrument, and the principles upon which it was based, Jones saw
fit to add:
I ought also perhaps to mention that an instrument
somewhat similar in principle has been used 1in
Vienna, and was mentioned by Professor Baumgarten

of that capital to a friend, who communicated the
fact to myself.69

66W,.Pearson, An Introduction to Practical Astronomy, (London,

67Jones, op.cit. (note 17).
68Taylor, op.cit. (note 16), p.342.
69 Jones, op.cit. (note 17), p.54.
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In other words, the body of the paper gave the impression that
Jones had contrived a totally new instrument, whereas in fact he
was forced to acknowledge that he had merely made a practical
development of an existing instrument.

It is not clear whether the publication of this paper made
any difference to Jones’ position within the scientific
community, or to his business. Certainly, no Copley Medal or
Fellowship followed it as had been the case with Troughton.
However, Jones remained active as an instrument maker, and was
eventually elected a Fellow of the Royal Society in 1835, at the
age of 60, the reward for a lifetime’s devotion to instrument
making and service to the scientific community. Such an accolade
would have been more significant socially than as an aid to his
business at Jones’ age, though I would maintain that for those
makers such as Dollond and Troughton who were elected rather
earlier in their careers, a Fellowship of the Royal Society was
an invaluable title 1in attracting potential clients, in
particular from abroad.

It seems from extant correspondence that Jones was not
merely a Fellow of the Royal Society by name, but that he took
some part in its affairs by lending instruments and by attending
meetings. For example, he wrote to Roget, the Secretary, in
1844, about an instrument in the Society’s possession: "I have
sent a great number of times for an upright barometer belonging
to me, it has a thermometer in front and a floating gauge - have

the goodness to let the bearer have it".70 Clearly the

70T, Jones to P.M.Roget, 7 March 1844, Miscellaneous
Correspondence 4,11, Royal Society Archive.
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gentlemanly courtesy of returning to him what was his carried
some weight with Jones, and his own gentlemanliness can be
illustrated by his withdrawal from the Royal Society when he felt
he was no longer able to make any useful contribution to its
affairs: "In consequence of my advanced age + inability to attend
the meetings, I beg leave to state that I should like to withdraw
my name from the Society".71

Jones died the following year, 1852, the same year in which
William Simms was elected, having just completed the construction
of George Airy’s transit circle at the Royal Observatory,
Greenwich. I shall discuss Simms at some length in the chapter on
Airy and the Observatory later in this thesis, and at this point
will only note that after Jones’ and Dollond’s deaths he was the
only instrument maker alive with the title F.R.S.

The fifth nineteenth-century maker to be a Fellow, other

than Simms, Jones, Dollond, and Troughton, is slightly peripheral

to the discussion here, firstly because he was a chronometer
maker, not a maker of optical, mathematical, and philosophical
instruments, and secondly because he seems to have taken very

little part in the affairs of the Society. Born in 1778, William
James Frodsham was the third generation of a family of eminent
clockmakers, and, along with Edward Dent, was one of the best

known horologists of the nineteenth century.72 His only

71T7,Jones to the Secretary of the Royal Society, 29 November

1851, Miscellaneous Correspondence 5.27, Royal Society
Archive,
T2Taylor, op.cit. (note 16), p.338. Considerable detail is

provided on W.J.Frodsham, and his predecessors and successors,
in V.Mercer, The Frodshams, (London, 1981).
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contribution to Royal Society meetings was a paper read in 1838,
the year before his election, on a development in the pendulum -
a paper very much in a practical vein, and which did not gain
publication in the Philosophical Transactions, though an
abstract of it did appear in the Proceedings of the Royal
Society.”3 On Frodsham’s death in 1850, as has been indicated,
Jones and Dollond were the only living makers to be Fellows of
the Royal Society, and they too soon died, leaving only William
Simms.,

I have discussed the roles which these five Fellows,
Troughton, Dollond, Jones, Frodsham, and Simms, played in the
affairs of the Royal Society, as an illustration of the different
way +the instrument maker entered the life of the Society in the
nineteenth century compared to the eighteenth century. Where an
eighteenth~century maker such as Short, Nairne, or Ramsden
featured in the Society and the scientific community it
represented not only as a constructor of scientific instruments,
but also as a researcher in science and a designer of entirely
new instruments, the nineteenth-century maker who had the good
fortune +to be elected a Fellow brought to the Society only his
practical skill and expertise, not his skill in designing grand
new scientific tools, nor an ability to contribute to burgeoning
areas of scientific research. As such, the role the maker was
able to achieve in the Society was bound to be a lesser one than

before, and the chief benefit which Fellowship could confer on a

T3W.,J.Frodsham, "Experiments on the Vibration of the Pendulum",
Proceedings of the Royal Society of London, 1838, p.78. See
also Mercer, op.cit. (note 72), pp.37ff.
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maker was 1in terms of an advertisement for his business - the
three magical 1letters could be of great value in attracting
potential customers.

However, a Fellowship of the Royal Society did not guarantee
for a maker full membership of the elite scientific community.
The nature of the accomplishments necessary to attain such status
was effectively defined by a group of actors for whom the skills
of the instrument makers were very much secondary, practical,
manual skills, and not primary, theoretical, intellectual skills.
This group was able to use the Royal Society, and others such as
instrument makers, in order to further their own careers and
enhance their social status, monetary concerns being secondary or
non-existent to them, by effective prosecution of research
projects, and by being seen to be in positions of power within a
recognised 1intellectual environment. Research topics such as
those 1investigated by the Pendulum Committee demonstrate the
means by which the group of philosophers who sought power
and status in society were able to establish their claims to

intellectual authority through the medium of the Royal Society.

6. The Work of Committees: The Role of the Philosopher and_ the

Role of the Artisan.

As we have seen, the Pendulum Committee was formed in
response to a request the Prince Regent received in Parliament
for an exact determination of the length of a seconds pendulum at
the Royal Observatory, and at other stations of the
trigonometrical survey. Such a determined length, it was hoped,

would form a basis for a standard measure. The Council appointed

74



a committee to study the problem which included Troughton, Pond,
Davies Gilbert, Kater, and others.’% Kater in particular showed
great interest in pendulum work, and was rewarded with the Copley
Medal in 1817.75 Work on the pendulum was to continue well into
the 1820s with the Royal Society as a focus.

Miller lays great emphasis on the work in areas such as
pendulum experiments as a focus of ideas, aspirations, and
expertise, in metropolitan science in the period.’¢® Three of the
components of Miller’s reforming alliance had interests in this
area - the highly trained Cambridge mathematicians, the
scientific servicemen, and the mathematical practitioners, and he
sees each as having provided skills in different aspects of the
project. The mathematical practitioner was expected to be skilled
in the design and use of pendulum apparatus, and could thus
improve its accuracy and usefulness, whereas the sophisticated
mathematician could test the law-like behaviour of the empirical
findings of the scientific serviceman against the mathematical
theory of the figure of the earth. In this way Miller sees the
pendulum programme as having been an important area of co-
operation of these three sub-groups within metropolitan
science,”” and as a means of emphasising their expertise and

their claims to power within the scientific community and in

society as a whole.

74Weld, op.cit. (note 29), p.253.

5 Ibid., pp.261-3. See also Hall, op.cit. (note 2), p.14.
Kater's work is summarised in H.Kater, "An Account of
Experiments for determining the length of the pendulum
vibrating seconds in the latitude of London", Philosophical
Transactions of the Royal Society of London, 1818, pp.33-102.

76Miller, op.cit. (note 1), pp.176-97.
77 Ibid.
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While of value as an analysis of the motives of those actors
who were firmly within one of his historical sub-groups, Miller’s
argument suffers from a rather loose characterisation of his
category of mathematical practitioner. Whereas earlier in his
dissertation he used the term to include the instrument maker,
his later use of the term clearly refers to individuals such as
Kater, whose focus of activity was the design and use of
instruments, not their construction, and the role of the
instrument maker in the pendulum programme is ignored. I wish to
argue that the instrument maker’s role which Miller ignores was a
real one, and that the programme represented a real source of
revenue for makers, and an opportunity to display their practical
skills, Several makers’ bills survive from the period 1816-18,
when the pendulum committee was active, which give an indication
of the income to be derived from pendulum work. Thomas Jones and
George Dollond seem to have been the most popular makers,?8
though William Cary, like Jones a former pupil of Ramsden, was
also employed to some extent.’? Jones supplied a brass
experimental pendulum to order at £68.18.6.,89 which was a
considerable sum in 1818, so pendulum work would have been
welcomed as lucrative by the instrument makers. However, the role
which the instrument maker was able to play in the programme of
pendulum investigations was very much that of a manual workman,

subordinate to the work of the mathematical practitioners and the

78Pendulum Committee, Instrument Makers’ Bills, Domestic
Manuscripts 3.126ff., Royal Society Archive.

19 rbid., 3.127, Bill from W.Cary.
80 7pid., 3.135, Bill from T.Jones.
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sophisticated mathematicians involved in the enterprise.

Both practitioners and mathematicians would have been in
accord on the skilled role to be played by the maker, whilst also
maintaining that it was a less vital role than their own. In
addition, the mathematicians would have regarded their
contribution as the central one, with that of the practitioners a
subordinate one as well, It was this group of mathematical
philosophers who were particularly keen to express their claims
to intellectual authority and status, men such as William Whewell
and George Airy, whose ideology will be further discussed later
in this thesis. At this stage, it is only necessary to note that
the pronouncements of these men in their quest for intellectual
authority and power implicitly excluded from authority other
groups without expertise in the fields of study they pursued,
that is, in non-mathematical, non-theoretical areas, and this
meant groups such as instrument makers whose expertise was
practical.

Philosophers, however, could acknowledge the work of the

maker not only as important in practical terms, but as of
enduring value. John Herschel’s Discourse included his views on
the importance to science of standard scales, and of course,

implicitly, of those who constructed them:

It is not enough to possess a standard of an
abstract kind; a real material measure must be
constructed, and exact copies of it taken. This,
however, is not very difficult; the great
difficulty is to preserve it unaltered from age to
age; for unless we transmit to posterity the units
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of our measurements, such as we have ourselves
used them, we, in fact, only half bequeath to them
our observations.81
So whatever their own motives in emphasising intellectual
authority, the philosophers had to admit an important role for
the instrument maker in scientific activity. This was not the
same thing as admitting that the maker was a full member of the
scientific community, or that his work was of the same value as
theirs. That the philosopher’s labour was in some sense superior
to that of all other groups was a central part of their own
rhetoric in seeking to establish their status. Therefore, even if
in some situations the instrument maker seemed to be an equal
partner in the scientific enterprise, as with Dollond working
alongside Faraday and Herschel in the Optical Glass Committee,
the rhetoric of +the philosophers generally emphasised their
leading role in any such enterprise.
The Meteorology Committee of the Royal Society brought

philosophers into contact with instrument makers in a similar way

to that which had been the case with the Pendulum Committee some

years before. Meteorology and its instruments - thermometers,
barometers, hygrometers, and so on, had certainly been a major
concern of the Society since its earliest days. In 1773 it had

been resolved that meteorological observations with thermometer,
barometer, hygrometer, and rain and wind gauges should be made
twice daily at the Society’s apartments. The results of these

observations were published regularly in the Philosophical

81J.F.W.Herschel, A Preliminary Discourse on the Study of
Natural Philosophy, (London, 1830), p.128.
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Transactions up to 1843.82 In 1822 a committee was appointed to
examine the instruments used. It was at the recommendation of the
Meteorological Committee that the famous water barometer was
erected at the Society’s premises. J.F.Daniell seems to have been
the motive force behind this recommendation; he had believed that
an accurately constructed water barometer could be expected to
shed light upon several important points of physical theory. He
realised that the only way to achieve his aim was to construct
the whole tube of a single piece of glass, and to boil the water
in it, as with the mercury in the usual design of barometer.83

Daniell contrived a plan to overcome the great practical
difficulty of being able to form a uniform tube of sufficient
length. Weld’s History of the Royal Society gives an account of
the method of constructing the barometer, but is notable, and
indeed typical of contemporary literature, for giving 1little

attention to the maker compared to the attention given to the

philosopher who developed the process. John Newman, perhaps the
leading meteorological instrument maker of the day, 1is only
mentioned in a footnote as "Mr.Newman, who overcame the

difficulties of the various processes with the greatest skill" .84
Thus his role in the production of the water barometer is treated
as very much subordinate to that of Daniell, presumably because
any skilled instrument maker could have played his part, whereas
Daniell’s philosophical expertise was seen by Weld not only as

more central to the realisation of the design, but also as a

820n Meteorology, see Hall, op.cit. (note 2), pp.155-17.

830n the Water Barometer, see Weld, op.cit. (note 29), pp.452-
6.

84 1bid., ©p.454.
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rather more rare commodity.

Newman’s profit from his role in this project was in terms
of increased prestige in the scientific community, and,
consequently, increased prestige and revenue for his business.
Thus, being able to say that he was "Maker of the Water-Barometer
in the Royal Society’s Apartments"85 served much the same purpose
from a business point of view as being able to say that one was a
Fellow of the Royal Society - it enhanced one’s reputation.
Newman, however, in common with a number of elite makers in the
period, merely constructed instruments for the Society, and did
not ©provide it with any research papers (his name will be a
prominent one in later chapters of this thesis, particularly in
the chapter on Faraday and the Royal Institution, for whom he was
the official maker). The only makers not to become Fellows who
did have a paper read at a Royal Society meeting were Francis
Watkins, as mentioned earlier, and Thomas Robinson, who

contributed a short paper on the mountain barometer in 1831.86

85 Newman usually described himself as "Philosophical Instrument
Maker to the Royal Institution of Great Britain" on his bill
headings - for example, see J.Newman to G.B.Airy, 1841,
Royal Greenwich Observatory, Airy Papers, Vol.718 f.24.

86T,C,Robinson, "Description of a Mountain Barometer", Archived
Papers 15.10, Royal Society Archive. This paper appeared in
condensed form as T.C.Robinson, "Description of a Mountain

Barometer", Proceedings of the Royal Society of London, 1831,
p.40,
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7. The Instrument Maker as a Subordinate Participant in the

Scientific Enterprise.

What I wish to emphasise about makers such as Newman and
Robinson who did work for the Royal Society was that they were
very much employees of the ruling groups in the scientific
community. It was expected of them to deliver their work to the
highest standards, but it was also important for them to be seen
to be under the control of the scientific elite. Thus Newman, in
constructing the water barometer, was controlled by Daniell, and
Jones, for example, was under the control of Kater and the other
members of the Pendulum Committee, in constructing the pendulum
apparatus. This aspect of control could be discerned in the
attitude of the scientific elite towards makers even 1in areas
such as microscopy, where it was expected of any top maker that
he would respond to an advertisement from the Royal Society
offering a reward for the best microscope. From the maker’s point
of view, the Royal Society’s demands seemed to ignore the fact
that he had a business to maintain; as Andrew Ross wrote
following one such advertisement in 1843:

As I am unwilling it should be supposed that 1
disregarded the advertisement published by the
Royal Society offering a premium for the best
Microscope I beg to inform the Gentlemen to whon
this subject has been committed that during the
interval between the advertisement and the present
time I have been fully engaged upon a Microscope
for the London Microscopical Society of which I
may state a highly satisfactory report has been
made and as an instrument for the Royal Society
must occupy the maker’s whole attention I have
been prevented from complying with the conditions
of the advertisement - under other circumstances

had time and opportunity been afforded me, I
should have been happy to employ my best exertions
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to furnish an instrument which should have been an
acquisition to the Royal Society and a credit to
myself .87
Despite the slight resentment implied by Ross of the Royal
Society’s attempt at control, the letter indicates the important
feature of work for the Society - it became a concrete testimony
to the ability of a maker.

The list of instruments in the Society’s possession compiled
by George Dollond in 1834 shows the wide range of makers who had
been able to profit in direct financial terms and
reputation by their work for the Society.88 Of a total of 82
items in the list of Society property at this time, John Newman
had made 7, George Dollond himself 4, the firm of Troughton and
Simms 4, and Thomas Jones 4. 1In addition, William Cary, who
constructed some apparatus for the Pendulum Committee, appeared 3
times as maker in the list. Of the eighteenth-century makers
represented, John Bird was the most frequent, with 6 items.
Ramsden, Short, and Nairne were also present. Of course the list
would have been much more extensive if Dollond had been able to
take into account instruments made initially for the Royal
Society, but which were in private hands in 1834. For example he
had no knowledge of the whereabouts even of instruments he
himself had constructed for the Society, such as a repeating
circle which was at one time held by Captain Kater.8?9

The extent of the market for instruments provided by the

87A.Ross to the Secretary of the Royal Society, 20 May 1843,
Miscellaneous Correspondence 3.283, Royal Society Archive.

88 Instruments and Apparatus, op.cit. (note 55).

89G.Dollond to J.W.Lubbock, 3 July 1835, Lubbock Papers D202,
Royal Society Archive.
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Royal Society, then, was a considerable one in the nineteenth
century, rather larger than might have been implied by the
list of instruments stored in the Society’s apartments. As I have
attempted to show, the role of the maker in the Society was
predominantly as a constructor of instruments subject to the
control of the elite philosophers. Except 1in a few isolated
cases, the maker was unable to participate any further in the
Society’s affairs.

It would be misleading, however, to think that <the
constitution of +the Royal Society precluded instrument makers
from attaining a Fellowship, and that this might account for the
dearth of Fellows in the century and particularly for their
complete absence (unless we include the Irishmen, Thomas and
Howard Grubb) from 1852, In fact, the opposite was the case,
for a clause included in the directions for members proposing
a candidate for election was that this could be done if he was
"one who has invented or materially improved any astronomical,
mathematical, or philosophical instrument, or chemical process,
which should be specified".?? William Simms was the only English
maker ever to fulfill this clause. No other man who made his
living by construction of instruments (again with the
exception of the Grubbs) subsequently became a Fellow, though a
large number of examples might be expected of philosophers

with interests in instrument design who gained election because

90For details of the directions given to Fellows

proposing
candidates, see M.P.Crosland, "Explicit Qualifications as a
Criterion for Membership of the Royal Society: A Historical
Review", Notes and Records of the Royal Society of London,

1983 (37), pp.167-87, on p.180,
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of their success in that area.

One maker did believe that he had the necessary credentials

for election, and that he fulfilled the conditions of the above

clause, and proceeded to offer himself for a Fellowship. Louis

Casella was the maker, one of the leading thermometer makers in

London, and particularly acclaimed for his work for the British
Association.91 Casella wrote to the President and Council
in 1878:

Having with the Co-operation of a Committee of the
Royal Society produced an arrangement by means of

which the Temperature of the Sea has now been
measured; Having also, after many years of
continuous effort succeeded in perfecting the
clinical thermometer - now of such general
application in medical practice, as well as in the
treatment of Disease of Cattle, I venture,

respectfully to submit to your [illeg.] body
whether the services thus rendered may be
considered of such public utility as to justify me
in applying as I now do for +the distinguished
honour of being elected a Fellow of your Society.

It would of course ill become me to attempt to

assess the value of my own discoveries, such as
they are, they are doubtless well known to many
members of your Society... had I adopted the
course of patenting the Clinical Thermometer, its

more complete identification with my name would
have rendered it unnecessary ever to add that my
object in designing it was [to aid] +the Medical
Profession... Should you think fit to confer upon
me the honour I so much desire, it would be valued
as the highest acknowledgement of, and most
esteemed reward for, the many years of toil and

anxiety spent in perfecting the Scientific
Instruments referred to.9%2

91B,A.A.S. Report, Glasgow, 1855, pp.xxxviii-xxxix.
$2L,.P.Casella to the President and Council of the Royal Society,

10 January 1878, Miscellaneous Correspondence 11,148,

Royal
Society Archive.
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Casella’s solicitation is reminiscent of that of Benjamin
Martin more than a century before.?3 Neither man was ever to
achieve the accolade they so much desired, perhaps because their
letters implied some commercial motive behind their quest for
Fellowship, even if Casella’s rhetoric seemed very much to
disguise any such motive. Certainly Casella used the letters
F.R.A.S. and F.R.G.S. as an aid to his business, but he was never
to add F.R.S. to these. Subject to the control of a scientific
elite, the instrument maker could no longer aspire to full
membership of their community.

The role of the instrument maker in the scientific community
has been treated in this chapter without explicit reference to
chronology. My justification for ignoring exact references to the
nature of the regime in power, when discussing specific examples
of the treatment by philosophers of instrument makers, is that
the removal of the instrument maker from a stage upon which he
could demonstrate his skill in instrument design and scientific
research, was as apparent a phenomenon in the Banksian regime as
it was later in the century.

During the reign of Banks the contributory factors in this
loss of status involved a general dissatisfaction of those in
power 1in the Banksian Learned Empire with +the mathematical
practitioners of London, of whom the instrument makers were a
component. As Banks’ reign drew to a close, the mathematical

practitioners were in a position to articulate their claims to

93J.,R.Millburn, "Benjamin Martin and the Royal Society", Notes
and Records of the Royal Society of London, 1973 (28), pp.l5-
23,
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intellectual status on the basis of their scientific work, but

the makers, having performed predominantly manual, practical

work, were unable to pursue similar claims.

The period of Humphry Davy’s Presidency, and of that of

Davies Gilbert, were characterised by an increasing

dissatisfaction with the perceived state of the Royal Society,

and the conditions one seemed to need to fulfill in order to

achieve a Fellowship, dissatisfaction expressed 1in particularly

devastating form by Charles Babbage in his Reflections on the

Decline of Science in England.94 However, while Davy may not be

seen as a member of the "reform alliance", his own views on the

position 1in society which should be accorded to men of science

can be seen to bear a remarkable similarity to the rhetoric

employed by the leading spokesmen of the alliance seeking to

displace one whom they perceived as an extension of the Banksian

regime. Some of Davy’s lectures, for example, included such

components of the "reformist" discourse as the emphasis on the

usefulness to the State of philosophical knowledge and its

cultivators:

The progression of physical science is much more
connected with your prosperity than is usually
imagined. You owe to experimental philosophy some
of the most important and peculiar of your
advantages. It 1is not by foreign conquests that
you are become great, but by a conquest of nature
in your own country. It 1is not so much by
colonization that you have attained your pre-
eminence or wealth, but by the cultivation of the
riches of your own soil... There is no country
which ought so much to glory in the progress of
science, which 1is so much interested in its
success, as this happy island. Science has been a

94C,Babbage, Reflections on the Decline of Science in England,
and on Some of its Causes, (London, 1830), pp.50-166.
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prime cause of creating for us the inexhaustible
wealth of manufactures, and it is by science that
it must be preserved and extended...95

In the early years of his Presidency, in fact, Davy promoted

a number of measures which were important to those seeking

reform, notably steps to reduce elections and so improve the

quality of new Fellows.?6 In addition, by the appointments made

to the Council, it was apparent that he wished to bring the

potentially troublesome reformers within the power base of the

Society, as a form of appeasement - Babbage, Herschel, and South

were all first appointed at this time,?? Committee work also

increased wunder Davy, and instead of the committees being

composed of members of social standing of assumed general

omniscience, consideration was given to the experts in the

subject particularly under investigation, as we have seen for

example with the membership of the Optical Glass Committee.

Miller shows at some length that such changes were not isolated

during the early years of Davy’s Presidency, and that the
reformers saw many of their aspirations being fulfilled. However,

he goes on to show that Davy’s attitudes changed in the later

years of his tenure,?8 in an attempt to satisfy the members of

the Banksian Learned Empire who had been dissatisfied with the

extent of the reforms Davy introduced - after all it was

aristocratic patronage which had made Davy’s own career possible.

95Extracts from Davy’s Lectures, in J.Davy (ed.), The Collected

Works of Sir Humphry Davy, (9 volumes, London, 1840), Volume
8’ pp'358_90

96Miller, op.cit. (note 1), pp.243-88 discusses the Royal
Society under Humphry Davy.

87 rbid., p.258.
98 Tbid., pp.266-74,
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Essentially Davy’s problem was that he could not pursue
measures sufficient to satisfy either the reform alliance or the
survivors of the Banksian Learned Empire, and ended up unpopular
with both for doing either far too little or far too much. The
roint I wish to stress is that Davy’s Presidency shows us that in
his initial policies he exhibited his belief in +the exalted
position that men of science ought to hold in society. Thus,
while 1in his later policies he may be regarded as little more
than a continuation of the Banksian era, in his early rhetoric it
can be seen that the construction of a scientific elite was not a
motive unique to the reform alliance who were eventually to put
John Herschel wup for the Presidency in 1830. The notion of a
collective identity for real men of science, real workers 1in
science, and not merely those with a vague interest in it, cannot
simply be ascribed to the members of the reform alliance, for it
was certainly becoming apparent in the attitudes of philosophers
outside that reform alliance in the 1820s. Admittedly the full
articulation of such claims to elite status had to wait wuntil
some time into the reign of the Duke of Sussex as President, with
real men of science dominating the Council, and until some time
after that a member of the peerage was favoured as President of
the Royal Society.?? However, the claims of those aspiring to an
elite position in society were heard long before the 1830

election, and from voices such as Davy, not explicitly reformist

99The Duke of Sussex was succeeded in 1838 by the Marquis of
Northampton, who was in turn succeeded by the Earl of Rosse,
in 1848, and by Lord Wrottesley in 1854, It was 1858 before
the Royal Society again had a President who was not a member
of the peerage, Sir Benjamin Collins Brodie.
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in their stance.

The assertion of a national importance for the work of men

of science, and a consequent assumption of their collective

identity as an elite group in society, can be seen as having

consequences for groups which were not identified with the men of

science., Those who were key members of the Banksian Learned

Empire, but who did not do scientific work necessarily 1lost

status in the new community, particularly after 1830. So, I wish
to argue, did the instrument makers. In the Banksian era they had

lost status in the scientific community as a result of a general

antipathy to the London community of mathematical practitioners,

and had 1lost their status in that community due to a gradual

loss of interest in research, or ability to develop new
instruments, and an increasing devotion to the manual, business
side of their trade. In subsequent eras, defined by the

Presidencies of Davy, Gilbert, and Sussex, the claims to elite

status advanced by men of science, whether explicitly

reformist or not, implicitly relegated the instrument maker to

the position of a manual worker necessary to the furtherment of
the scientific enterprise, though without any key role in that

enterprise. In short, the maker was peripheral to the interests

of the elites who were in control, or who effectively expressed

claims to control, throughout the first half of the nineteenth

century, although the natures of these elites themselves were
very different.
As instrument makers were not seen as making any

contribution to the accumulation of scientific truths and the

advancement of science, they were effectively precluded from
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election to a body which honoured success in such pursuits.

However, it 1is important to note that not all those who becane
Fellows could claim to be full members of the scientific
community. A number of practical engineers gained admission -
such as both the Brunels, and so did a number of industrial

chemists.199 The important point about these men, though they did
not all participate in the accumulation of scientific truths,
was that they were seen as performing an important social role -
while not members of the scientific elite they did apply the
work of that group in order to produce wealth for the nation. As
such, this was an important justification for the work of the
scientific elite itself, and these two groups, the men of science
and the engineers, established claims to intellectual authority
by means of their participation in the processes leading to the
production of national wealth, with Fellowship of the Royal
Society coming, later in the century, to be seen as the

institutional reward for this participation.

During this period, the instrument maker fell behind in his
competence to design new instruments, owing to their mathematical

complexity, and he was forced, in post-Industrial Revolution

Britain, to devote his time not to design, and scientific

pursuits, but to increasing the efficiency of his business.101

In addition, he was unable to claim membership of the scientific

elite who uncovered new scientific principles whose application

produced wealth for the State, nor of that group of practical

engineers more directly responsible for the application itself.

100Hall, op.cit. (note 2), p.l44,.
101This idea will be covered in more detail in Chapter 8.
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As such, the instrument maker became strictly a manual worker,
with the intellectual labour of instrument design being

predominantly left to others. Full membership of the scientific

community for the maker 1in the nineteenth century was
unattainable, whereas in the eighteenth century it was
achievable. Some reasons for the change have been developed 1in

this chapter. 1In the next few chapters I propose to expand these
themes by explicit reference to particular members of the new

scientific elite which has been referred to in this discussion of

the Royal Society.
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CHAPTER THREE

CHARLES WHEATSTONE
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The first man of science whose relationship with instrument
makers I would like to consider in detail is Charles Wheatstone.
My aim in this case study is to portray Wheatstone as an
individual who attained membership of the philosophical elite
from humbler origins, namely a background in a manual trade. By
studying Wheatstone’s place in the scientific community, I hope
to show how membership of this community was valued for its
social status by those belonging to it. In turn I hope to show
that the idea of such status which Wheatstone believed his
scientific work conferred upon him meant that he regarded himself
as performing a more crucial role in society than did groups such
as scientific instrument makers. This is a theme which will be
developed more fully in the succeeding chapters. 1In this chapter
I simply wish to show how an individual could be motivated by a
desire to achieve status in nineteenth-century society, and how
this manifested itself in his treatment of other individuals.

Existing scholarship on Wheatstone is rich in factual
information, but fails to place him convincingly in a contextual
historical framework.! By characterising the scientific elite and
his motivations and place within it, I hope to redress this
balance. Wheatstone is not the most famous man of science of the
early nineteenth century, but the nature of his rise to
scientific eminence, and the subsequent consolidation of his
status act as justifications for his inclusion as an individual

case study in this thesis. Also, unlike Babbage and Airy,

1The only full-length biography of Wheatstone is B.Bowers, Sir
Charles Wheatstone FRS, 1802-1875, (London, 1975). Prior to
this the most complete factual acoount was in W.T.Jeans, Lives
of the Electricians, (London, 1887), pp.105-230.
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Wheatstone's is a famous name to the layman, from physics
textbooks. There is a tendency in such textbooks to associate
men of science with one particular discovery or achievement.
This is unfortunate for two reasons. Firstly, it implies that
the "achievement" in question represented some sort of climax
or culmination of the subject’s work. Secondly, it ignores other
work which the subject may have done. Such a tendency exists
with Charles Wheatstone and the Wheatstone Bridge. Few remember
that Wheatstone invented the first practical electric telegraph.
Even fewer remember that he invented the concertina. Many
remember that Charles Wheatstone gave his name to the Wheatstone
Bridge.

The bridge circuit for comparison of electrical resistances
appeared in Wheatstone’s 1843 Bakerian Lecture "An Account of
Several New Instruments and Processes for Determining the
Constants of a Voltaic Circuit", which was published in the same
vear.? Wheatstone called it his "differential resistance
measurer". Ironically, the arrangement which was to become known
as the Wheatstone Bridge was not new, and Wheatstone acknowledged
as much, giving the credit to Samuel Hunter Christie.3 However,
Wheatstone was responsible for the development of the bridge
circuit in that he showed how it could be used as a method of
comparing resistances (rather than for only comparing electro-

motive forces, which was what Christie had shown), and also in

2C,.Wheatstone, "An Account of Several New Instruments and
Processes for Determining the Constants of a Voltaic Circuit",

Philosophical Transactions of the Royal Society of London,
1843, pp.303-27.

3 Ibid.
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that he put the arrangement on to a circuit board.%

The differential resistance measurer was thus an instrument
which could be used for probing nature, and knowledge acquired by
its use could be of value to mankind. 1In this sense only is the
Wheatstone Bridge typical of Charles Wheatstone. The prime
purpose for which he laboured was not a desire to obtain
financial reward, in the form of patents, nor was it mere
curiosity. Wheatstone wanted to make use of the sources of power
in nature for the benefit of mankind. Instruments and apparatus
to achieve this were therefore of fundamental concern to him.
In his detachment from financial motivations, his desire to
better the condition of mankind, and in his concern with
practical instruments and apparatus, he shared many of the

elements of the ideology of the scientific community in the

early nineteenth century.

1., The Early Life of the Philosopher.

Charles Wheatstone was born in 1802, the son of a Gloucester
musical instrument manufacturer.5 This had been the family
business for over 50 years, and his father William must have
regarded a move to set up the business in London as commercially
advisable, as the family moved there in 1806, when Charles, the
second child, was only 4 years old.® It is reasonable to assume
that his father’s work would have influenced Charles at an
early age, and that he would have picked up some basic practical

skills, In 1816 his father arranged for him to go and work for

4Bowers, op.cit. (note 1), p.98.
5Ibid., p.4.
6 Tbid.
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his uncle at 436 Strand.? His ,uncle (also called Charles
Wheatstone) had been working as a musical instrument maker since
about 1805 in London.® Though the young Charles would already
have acquired sufficient practical skills to construct musical
instruments, at no stage was he keen to follow his father and
uncle into the musical business. The practical skills which he
acquired during these formative years were to remain with him
throughout his life and were to be valuable when he turned to a
career in science, where development of new and useful
instruments was to be an important concern. At this stage,
however, Wheatstone fitted very much into the category of
artisan, or manual workman. We should not assume that his
passage to membership of the scientific community was apparent at
this point in his career.

Wheatstone’s interest in the manufacture of musical
instruments was recognised by his uncle as being rather less
than his desire to pore over books, and his father took him
away from the uncle’s business after a few months. By this
time it was apparent that Wheatstone, who had been well educated?
and was described as "excellent"!® in mathematics and physics at
school, was paying more attention to the causes of musical
sounds and the principles underlying the mode of their
propagation than to the manufacture of the instruments which

produced them. He was still able to be of use to the family

TIbid., p.5.
8 Ibid., p.4.

"He was educated at several schools, notably in Vere Street,
London, from 1813. I1bid., p.5.

10 rbid,
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business, however, as his enquiries into the principles of
the science of sound bore as fruit several new instruments, the
first being the keyed flute harmonigque in 1818.11 This provided
one of the first indications that Wheatstone’s motivations were
to give philosophical explanations of phenomena, and thus that
he may have aspired to go beyond his artisan status and be seen
as a philosopher. Isolated investigations could not confer such
status, however; this had to be earned by more sustained
philosophical work.

The first experiments which Wheatstone performed, as a
teenager, on the transmission of sound arose from a consideration
of the distance between the strings and sound boards of
instruments. His aim was to find how great the distance could be
without having an adverse effect on the sound produced. He
stretched a string on a steel bow and connected the bow to the
sound board of a piano through a glass rod (nearly 2 metres
long). The sound produced was just as good as when the string was
touching the board.12 This type of investigation, one which
Wheatstone repeated much later in his career, at the Royal
Institution, represented considerable practical sophistication
for a teenager.

These experiments were the basis for a number of ©public
demonstrations, the most notable being the demonstration, in his
father’s music shop in Pall Mall, of Wheatstone'’s
Acoucryptophone, or Enchanted Lyre. This consisted of a hollow

box shaped like an antique lyre. The box was hung from a wire

llIbid-’ pn7o
12 1bid.
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passing +through the ceiling of the room and hanging upon the
sounding board of, wusually, a piano, though in principle any
other musical instrument, in an upper storey. When the musician
struck this instrument, the vibrations passed down the wire and
were heard by the audience as if they had emanated from the lyre.
It was easy to perform this experiment with stringed instruments,
but Wheatstone could not accomplish the demonstration with wind
instruments where the vibrating body was a column of air.
However, the demonstration with other than wind instruments was a
success, much of the reason for this being the sense of mystery
which it caused in the audience.l3

Demonstrations such as this were to bring Charles Wheatstone
to the notice of the scientific establishment. However,
Wheatstone did not wish to prolong the sense of mystery which the
demonstration caused in the audience. He believed that his work
was more beneficial if the principles upon which it was based
could be made widely known. Not desiring to prolong the mystery
of +the Acoucryptophone merely to reap financial rewards, he
published an account of the experiments by which he was led +to
invent the apparatus.l!? Such behaviour was fully in keeping with
the gentlemanly ethos of the scientific world, which in general
repudiated the idea of monetary reward for its work, so we can

see that Wheatstone had now some claim to membership of the

scientific community, at least 1in that his behaviour was

13Ibid-’ ppo7_8‘

14C,Wheatstone, "New Experiments on Sound", Annals of
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consistent with the ideology of that community.l3

It was in the same year as his first publication, 1823, that
his uncle Charles died.!® Wheatstone returned to the Strand,
where he had been so briefly employed seven years previously, and
took up in business as a musical instrument manufacturer with his
brother, William Dolman Wheatstone. In 1826 they joined forces
with their father’s business.l!?” Wheatstone’s connection with the
business did not cease around this time, though it may be thought
that with his more philosophical studies of sound, he had less
time to devote to musical instrument manufacture. His
connection with the business certainly lasted wuntil 1846,
because there is correspondence of Wheatstone’s up to +that date
which bears the address of the shop, 20 Conduit St.(where the
business moved in 1829).18

It seems certain that Wheatstone himself did not devote much
time to the manufacture of musical instruments. Wheatstone and
Co. had some staff on the premises, but some of their work was
also done by established makers with their own

businesses, for

example George Jones.l® Wheatstone travelled for the business

during the 1820s though there is evidence that he found this

travelling distasteful.2? His inventions and suggestions returned

15For a detailed analysis of the ideology of those "gentlemen"
who pursued science (particularly geology) in the early
nineteenth century, see M.J.S.Rudwick, The Great Devonian
Controversy. The Shaping of Scientific Knowledge among
Gentlemanly Specialists, (Chicago, 1985), esp.pp.9-18.

16 Bowers, op.cit. (note 1), p.8.

17 rbid., ©p.9.

18 rbid.

19 rbid., p.37.

20"Sir Charles Wheatstone", Minutes of Proceedings of the

Institution of Civil Engineers, 1876-7 (47), pp.283-90.
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a profit to the concern, however, so he may have been excused the

time which he devoted to the study of the principles of sound.

The greatest contribution which Wheatstone made to the business

was the concertina, for which he took out a patent in 1829.%21 The
concertina is one of very few musical instruments whose invention
can be explicitly attributed to one man. He was

patenting

improvements to it as late as 1844,22 and among Wheatstone’s

papers at King’s College, London, has been inserted an
advertisement for C.Wheatstone and Co. of 3 Ives §St., Draycott
Ave., London, describing themselves as "Manufacturers of

Concertinas", dated 1958.23

Consideration of Wheatstone’s work on musical instruments is
essential if we are to understand his wider concerns with
scientific instruments. Apprenticeship as a musical instrument
maker meant that he acquired practical, manual skills, and he was
able to combine these skills with the philosophical skills which
he learnt through books to devise and build new instruments in
many different fields. It was not unique to find a man of science
who could build his own instruments, but it was rather more

extraordinary to find a man of science who had a background in
manufacture of instruments.

Wheatstone is a prime example of the futility of attempting
to construct boundaries between practitioners of pure science and

practitioners of applied science in the early nineteenth century.

2lpatent No.5803 (Wind Musical Instruments), 19 June 1829.
22patent No.10041 (Concertina and other musical instruments

which the sounds are produced by the action of wind
vibratory springs), 8 February 1844,

in
on

23Wheatstone Papers, "Foolscap File", King’s College, London.
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He studied sound in what might be described as the manner of a
"pure" scientist, aiming to elucidate the principles governing
sounds, but he was always alert to the practical applications
that might be made of his discoveries, and at this "applied" end
he was able not only to devise instruments and apparatus, but was
able +to build them as well. When he began studying areas other
than sound, this same pattern applied. The real distinction which
existed in this period was that between the philosopher and
artisan. The philosopher studied nature with a view to
accumulating truths and laws, but also always with an eye to the
application of these laws. This application was an important part
of the philosopher’s raison d’etre. The artisan, on the other
hand, performed practical work, and this was to an increasing
extent devised by the philosopher, as in the case of a new
instrument or a new example of engineering. It will be argued in
this thesis that the philosopher/artisan distinction was brought
into sharper relief in the nineteenth century, in the wake of the
industrial revolution. 1In particular, where an instrument maker
might previously have performed work appropriate to a
philosopher, by the mid-nineteenth century his status was very
much that of an artisan, according to the above definition.
Charles Wheatstone had started his career as an artisan, but his

activities pressed his claim to be seen as a philosopher.
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2. Studies on Sound and Entry to the Philosophical Community.

In 1825, Wheatstone wrote to John Herschel to report on a new
pPhilosophical instrument, called the Kaleidophone. "...it is the
first that I have constructed"?4 wrote Wheatstone. An account of
the Kaleidophone was published in 1827.25 The purpose of this
instrument was not to be useful as suchj; its purpose was to
provide a demonstration of the complex motion of a sounding body.
However he did regard the Kaleidophone as of use in as much as it
involved the application of scientific principles to "ornamental
and amusing purposes",?2®¢ thus increasing their popularity and
enabling one to remember their effects more easily.

The Kaleidophone consisted of a steel wire in a firm base,
with a bead of silvered glass on top of the wire. When the wire
was set vibrating the reflection of a point of light in the glass
bead was observed to follow symmetric and ornate paths, by
persistence of vision. Wheatstone is known to have lent Babbage
his Kaleidophone.27

By this time Wheatstone was employing instrument makers to
construct his new designs for him, rather than performing all
such work himself. Among the many other instruments bearing on
the science of sound which he devised was a demonstration

apparatus concerned with resonance. An example of this is to be

Z24Wheatstone to J.F.W.Herschel, 1825, cited in Bowers, op.cit.
(note 1), p.15.

25C,Wheatstone, "Description of the Kaleidophone, or Phonic
Kaleidoscope", Quarterly Journal of Science, Literature, and
the Arts , 1827, pp.344-51.

26 r1bid., ©p.344,
27Wheatstone to C.Babbage, British Library Add.Ms. 37201 f.586.
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found in the Natural Philosophy Collection of the Department of
Physics at Aberdeen University. The apparatus is a hollow metal
toroid, with a small gap at one side. The upper half can be swung
out to make an S shape instead of the toroid shape. The
instrument was used to demonstrate Wheatstone’s theoretical
prediction that when an organ pipe open at both ends was sounding
its lowest resonant note (i.e. its fundamental mode), the air
in the centre of the pipe would be stationary and the air at
the ends would be vibrating most. When the apparatus has the S
shape this resonance can be excited by sounding a bowed plate at
the correct frequency over one of the openings. The vibrating air
comes out at both ends of the pipe at the same time, and goes in
both ends of +the pipe at the same time. However, when the
apparatus has the toroid shape, the resonance cannot be excited,
because the plate 1is trying to push the air in one end at the
same time as it is pulling air out the other end.?28

Here we have a piece of demonstration apparatus of
Wheatstone’s which, unlike the Kaleidophone, had very little
dramatic impact. Still, this instrument evidently did find a
market, even though it illustrated a minor point of theory. The
instrument was manufactured by the instrument makers Watkins and
Hill, of 5 Charing Cross, London, and their involvement
in this and other areas illustrates the benefit the work of a
philosopher could be in creating a market for the artisan.

Francis Watkins was curator of philosophical instruments in

283,S.Reid, "A Forgotten Demonstration by Charles Wheatstone",
Bulletin of the Scientific Instrument Society, 1987 (12),
p.l11.
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the University of London,29 and the firm of Watkins and Hill, who
ceased to occupy the Charing Cross premises in 1856,39 were one
of the most notable names on instruments (optical, mathematical,
and philosophical) of this period. For example they made
Wheatstone’s spark spectrum apparatus, around 1834,31 This
machine could observe the spectra produced from electrodes of
mercury, tin, cadmium, lead, and other metals. The appropriate
metal was melted in a cup in the machine and an electric
discharge was passed through it to the electrode above. The
operator could then produce sparks in rapid succession by turning
a handle, and the sparks could be observed through a prism
by means of a telescope with a micrometer eyepiece,32

Wheatstone’s relationship with the firm evidently continued
for some time, as they were making pseudoscopes for him in 1850
and 1855,33 and he was also using a Watkins and Hill induction
coil in some experiments of around 1867.34%

Watkins was clearly a technically competent maker to have
marketed such a variety of instruments. The instrument making
trade, by the nineteenth century, was such that the maker’s name
on an instrument was no guarantee that he had constructed it

himself. With Watkins, however, there exists correspondence which

29E,G.R.Taylor, The Mathematical Practitioners of Hanoverian
England 1714-1840, (Cambridge, 1966), p.438.

30Reid, op.cit. (note 28).

31Notes to exhibits in Science Museum, London.

32 1pid.

33 1bid. A pseudoscope is an instrument with which an observer
sees the converse of an object (the instrument has prisms

deployed so that the left eye sees the right eye’s view, and
vice versa).

34yheatstone Papers, File 26, King’s College, London.
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demonstrates that he had an interest in scientific principles.
For example, he wrote to Babbage in 1844 returning Babbage’s
"mechanical notations of the condensing steam engine",35 and
earlier, in 1834, was asking Babbage to refer him to a journal
article concerning "M.Plateau’s experiment”", on induction.3€ The
name of Francis Watkins will recur in this thesis as an example
of a prominent instrument maker in London in this period. For
the moment, I simply wish to draw attention to the fact that
Wheatstone admired the work of Watkins and Hill enough to employ
them more than once, and that Watkins himself had an interest in
the philosophical principles behind the instruments he made.
However, it should also be noted that Watkins, unlike Wheatstone,
did not contribute anything new to scientific knowledge, nor did
he devise new instruments as did his eighteenth-century
counterparts (though he could refine existing designs). The main
benefit to his business derived from building instruments whose
designs, as with the acoustic demonstration apparatus, had been
developed by philosophers such as Wheatstone.

Wheatstone had made known his theoretical studies on sound in
the 1late 1820s and early 1830s, and gained recognition in the
scientific community, not so much by published articles as by
lectures. Wheatstone did not in general give these lectures
himself, however. Many were given by Michael Faraday. The first

recorded session on which Faraday lectured on material supplied

35F,.Watkins to C.Babbage, 24 May 1844, British Library Add.Ms.
37193 f£.69.

36 F ,Watkins to C.Babbage, 7 March 1834, British Library Add.Ms.
37188 f.246.
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by Wheatstone was on 15 February 1828, and the subject of the
lecture was "Resonance".37 In another such joint discourse, on 11
June 1830, proposals of Wheatstone were announced by Faraday to
the Royal Institution about a method for finding the velocity of
an electric spark.38

By this time Wheatstone’s attentions were turning from sound
to the more fashionable, and potentially more useful, study of
electricity, though also from the standpoint of its transmission.
He published his last paper on sound in 1833: it was an analysis
of Chladni’s figures.3? The main reason for the delivery by
Faraday of lectures for him was that Wheatstone was a failure as
a lecturer. He had been timid as a boy, and though eloquent in
private conversation, was unable to address an audience without a
major attack of nervousness. His style was always regarded as
poor: for example he turned his back to audiences and mumbled
into his lecture notes.#? 1In 1813 he had won a gold medal for
proficiency in French at his school in Vere Street, but it was
not awarded to him because he refused to recite a speech at the
Prizegiving.%l Bearing this in mind, it is not surprising that

he chose Michael Faraday, a personal friend, and noted for his

37C.Wheatstone, "On the Resonances, or Reciprocated Vibrations
of Columns of Air", Quarterly Journal of Science, Literature,
and the Arts, 1828, pp.175-83.

38M,Faraday, "On the laws of co-existing vibrations in strings
and rods", Quarterly Journal of Science, Literature and the
Arts, 1830, pp.405-6.

39C,Wheatstone, "On the Figures obtained by strewing Sand on
Vibrating Surfaces, commonly called Acoustic Figures"

Philosophical Transactions of the Royal Society of London,

40"Sir Charles Wheatstone", op.cit. (note 20).
41 7hid.
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lecturing ability, to deliver lectures for him, firstly on
sound, and later on electricity. What may be surprising is that
a notoriously bad 1lecturer should have been appointed to a
professorship at a University, though it was undoubtedly this
appointment which consolidated Wheatstone’s position among the
philosophical elite. In the next section I would like to consider
the way in which he was able to take advantage of this
institutional base to emphasise his claims to knowledge and

authority, both by his teaching and by his research.

3. Wheatstone as Professor at King’s College, London.

Wheatstone was appointed Professor of Experimental Philosophy
at King’s College, London, in 1834. Henry Moseley had been
Professor of Natural and Experimental Philosophy, though on
Wheatstone’s appointment Moseley became Professor of Natural
Philosophy and Astronomy. It seems that Wheatstone had not
applied for the post but that his reputation was already such
that his services had been sought.42 Wheatstone retained the
professorship for the rest of his life, though it was by no means
a full time job for him. For example he was still able to devote
some time to the musical instrument business, and would in future
years devote a great part of his time to areas such as electric
telegraphy and the development of meteorological instruments,
Some professors, such as John Phillips, the Professor of Geology,
did not even live in London (Phillips lived in York),%3 so it is

obvious that University professorships were not regarded as

exclusive occupations.

4¢2Bowers, op.cit. (note 1), pp.54-5.
43 rbid., ©p.54.
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What the performance of Wheatstone’s work at King’s, which
will be discussed in this section, illustrates is that one’s
institutional context could be of considerable advantage in one’s
ability to perform scientific work. The privileged status which
he possessed as a result of his professorship would have been
appreciated by Wheatstone, and work which his institutional base
enabled him to do reinforced this elite status.

As Professor of Experimental Philosophy in a University,
Wheatstone had a fundamental concern with instruments and
apparatus to be used to illustrate his lectures. Among
Wheatstone’s letters and papers at King’s College is a file
labelled "Lectures on Sound".%4 In this file are several sheets
in Wheatstone’s hand which would seem to be lists of apparatus
which he employed in his lectures or laboratory demonstrations as
Professor of Experimental Philosophy. These instruments include
those used for the study and demonstration of ©principles of
meteorology, optics, heat, electricity, magnetism and mechanics,
as well as those to be used in lectures on sound.

The King'’s College historian, F.J.C.Hearnshaw, stated in his
centenary history45 that Wheatstone had wholly ceased lecturing
by 1840, and the only lectures he was known to have given were
those on sound in 1835. These 1lectures are known to have

commenced on February 17, 1835, and concluded on April 7, 1835,

44yheatstone Papers, File 22, King’s College, London.

45F,J.C.Hearnshaw, A Centenary History of King’s College,
London, (London, 1929), p.149.
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and the fee for the course was £1.1s.4¢ However, a printed
syllabus exists among Wheatstone’s papers at the college for
another course of lectures, beginning on Tuesday 9 May, 1837, and
finishing on Tuesday 27 June, 1837. These lectures were entitled
"The Measures of Sound, Light, Heat, Magnetism, and
Electricity".4? 1If these lectures took place, and the printed
syllabus suggests they should have, then it seems that these
extensive lists of apparatus among the papers represent
instruments wused in connection with those lectures. Wheatstone
was certainly in the habit of using experiments and diagrams in
his lectures: for example in the 1835 course of lectures on
sound, he +typically displayed 20 experiments and diagrams in a
single lecture.%48

The breadth of subjects covered by the 1837 syllabus bears
testimony to how far Wheatstone had come from his studies on
sound a decade earlier. For example on May 23, he lectured on
"Photometers of Bouguer, Leslie, Humboldt, Quetelet, le Maistre,
Ritchie, Potter, etc.- A new photometer", and also covered
"Measures of the duration of light - Experiments with revolving
disks, mirrors, and prisms - A new chronoscope".4? On June 6, he
moved on to measures of temperature and lectured on Daniell’s
Pyrometer, Nobili and Melloni’s thermoscope etc., and the
following week lectured on measures of +the radiation and

absorption of heat and the experiments of Leslie, Delaroche,

46 Wheatstone Papers, File 22, King’s College, London.

47 Ibid.
48 Tbid.

49 Thid.
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Melloni, and others. The lecture on measures of dynamic
electricity included the galvanometer, Harris'’ thermo-
electrometer, and Faraday’s voltameter.50

By reference to such varied areas in his teaching Wheatstone
was able to emphasise the breadth of his expertise to a receptive
audience, but he did not only wuse King’s as a place to teach.
He also carried on personal research there, most notably
experiments on the velocity of electricity.

As a boy of 15, Wheatstone had been present at some of Francis
Ronalds’ experiments with an electric telegraph in his garden at
Hammersmith.5! One of Ronalds’ experiments tried to find the
speed of electricity in a wire by measuring the time delay
between connection of an electrical machine at one end of a wire
and the firing of a cannon at the other end. No time 1lapse was
ever observed, so it was presumed that the velocity of
electricity was infinite, or at any rate too high ever to be
measured.52 In the early 1830s, Wheatstone did attempt to
measure the speed of a spark through the air, but was more
successful in his attempts to measure the speed with which

electricity travelled in a wire.53

Wheatstone pointed out that previous experiments which

attempted to detect time intervals between discharges across

50 1hid.

51G.Hubbard, Cooke and Wheatstone and the Invention of the
Electric Telegraph, (London, 1965), p.S8.

52 1bid., p.7.
53C.Wheatstone, "An Account of some Experiments to measure the
Velocity of Electricity and the Duration of Electric Light"

Philosophical Transactions of the Royal Society of London,
1834, pp.583-91.
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spark gaps at opposite ends of a wire (the ends being close
together to facilitate observation) had failed to detect any time
lag because they 1involved the theoretical assumption that
electricity was a single fluid, passing from one end of the wire
to the other.5¢ Wheatstone wanted to make his experiment
independent of this theoretical assumption, and did so by placing
a third spark gap at the centre of the wire. This arrangement
would still be capable of detecting a velocity if electricity was
a single fluid, but unlike previous trials, it would also work if
electricity was composed of two fluids, as in that event the
spark ought to occur at the middle gap later than at the two
outer gaps (where sparks should occur simultaneously).

Wheatstone first carried out these experiments at the Gallery
of Practical Science in Adelaide Street (off the Strand). He used
half a mile of copper wire and a rotating mirror, employed
because the apparent motion of the reflected image in a small
moving mirror would be equal to an extensive motion of the
object itself.553 It was vital to determine the angular velocity
of the axle carrying the mirror, and to do this Wheatstone
employed an arm of the apparatus itself to produce a sound whose
frequency was an indication of the angular velocity of the
mirror. The maximum angular velocity he could achieve was 800
revolutions per second. Subsequent addition of a registering
apparatus reduced this to 600 revolutions per second. The figure
for the velocity of electricity which was quoted when the paper

concerning these experiments was published, was 288,000 miles per

54 71bid., p.587.
55 1bid.
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second. However, Wheatstone was careful to state that this
represented not a measurement of the velocity of electricity,
but a detection of the fact that it had a finite value.58

In February 1836, Wheatstone obtained permission from King'’s
College to perform some similar experiments in the vaults of the
College. He also got a grant from the Royal Society of £50
towards the expenses of these experiments, which he regarded as
somewhat inadequate.,57 As if to point this out, on his death in
1875 he left £500 to the same Royal Society fund.58

In the report of his proposals for these experiments in the
summer of 1835, Wheatstone suggested using a longer circuit than
in the wearlier trials: one of 4 miles in length. He also
suggested the use of two different types of metal, each 4 miles
long, for the purposes of comparison, and the two wires might
even be connected to form an 8-mile circuit. A 4-mile circuit of
copper wire was used in the King’s College experiments, though it
seems the proposal to build a circuit of iron wire was not
implemented. As a result of these experiments, the original
figure of 288,000 miles per second as the detected velocity of
electricity was considerably reduced,59?

By research which he carried out in the 1830s on the
velocity of electricity, and by the teaching which he performed
during the early years of his tenure, then, Wheatstone was able
to use the institutional base of King’s College to establish

fully his position as part of the elite of the scientific

56 Tbid., p.591.

57Bowers, op.cit. (note 1), p.48.
58 Ibid., ©p.58.
sgrbid., P.49.
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community. In later chapters I will consider the similar way in
which Faraday and Airy were able to use their institutional
bases to consolidate their positions among the scientific elite
and press the claims of men of science to status in society at
large. I will also discuss the work of Charles Babbage, who did
not possess an institutional base for much of his career.

The research which Wheatstone performed at King’s,
moreover, was work which would have been difficult to fund
outside an institutional base, and he was able to get instrument
makers to do work for him for which his employer paid, in
whatever area he was working. Among his other electrical concerns
at this time, for example, was the generation of electricity, and
particularly thermo-electricity. Early in 1837 he pointed out
the capability of the thermo-electric pile as a source of
electricity.®? It was Seebeck who had discovered, in 1822, that
when different metals are soldered together, and their junction
heated, a current is generated. Wheatstone'’s thermo-electric pile
had 33 elements of Bismuth and Antimony formed into a cylindrical
bundle. Two thick wires connected the poles of the pile with a
spiral of copper ribbon, with the coils of this spiral being well
insulated. On heating the pile and breaking the contact, a small
spark was seen. The experiment suggested to Wheatstone that
electricity from different sources was similar.61

The pile was made by the instrument maker John Newman, who
made optical, mathematical, and philosophical instruments. Newman

was most notable for his barometers and thermometers. For example

60 Jeans, op.cit. (note 1), p.129.
slIb.idl, pp'129_300
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he made the standard barometer placed in the rooms of the Royal
Society in 1822, and adjusted the water-barometer erected there
in 1831 by Daniell (the same year that Daniell was appointed
Professor of Chemistry at King’s College).®2 1In 1836, at his
premises of 122 Regent St., he made a small copy of Saxton’s
electro-magnetic machine.63

Newman evidently did some work for Wheatstone after
constructing this pile, for there is a small manuscript note in
Wheatstone’s hand in the King’s College archive, dated July 5,
1843, which reads "Mr.Newman. Thermo-electric battery to be put
in order. Earthquake indicators to be finished. Directions for
apparatus for +the velocity of electricity for Melloni +to be
given".84 This type of note is not uncommon in Wheatstone’s
papers. This particular one is of interest as it reveals that
Wheatstone had not completely left the study of thermo-
electricity after 1837, and though it may only be a reminder for
Wheatstone’s own benefit, it suggests that Wheatstone and Newman
worked together in a number of different areas. Wheatstone
performed some experiments at King’s College on 27 June 1843
in which he attempted to find the electro-motive force of a
thermo-electric element compared to that of a standard voltaic
element.55 He found that the electro-motive forces were in the
ratio 1:94.6, i.e. that of the thermo-electric element was much
smaller.5® The thermo-electric element, of Bismuth and Copper,

was likely to have been made by Newman, whose name will recur

62Taylor, op.cit. (note 29), p.400,
63 rpid.
64yWheatstone Papers, File 4, King’s College, London.

65Wheatstone Papers, File 23, King’s College, London.
66 rbid.
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throughout this thesis, particularly in the chapter on Faraday
and the Royal Institution, for whom he was the official
instrument maker.

The performance of Wheatstone’s research at King’s, then,
shows that the instrument maker could have a role to play in the
investigations of the philosopher. Although Wheatstone was a
skilled manual worker himself, the delegation of such tasks to
artisans gave him time to devote to his philosophical work, and
thus they performed an important supporting role. The role of the
Professor himself, however, was seen as the most important one,
both in terms of his work in the College, and in terms of the
benefits which accrued to society as a result of his work. The
example of such service to society which Wheatstone regarded as
his greatest was the electric telegraph, and herein also lay the
major scientific import of these experiments he was able to
perform at King’s. The fact that electricity had a finite, high
velocity, showed that communication by electricity over 1long
distances was at least a possibility. Moreover, as he was seen
as having measured one of the fundamental constants of nature,
Wheatstone’s reputation in the scientific world increased as a

result of this work performed at King’s.

4, The Electric Telegraph.

The most extensive and fruitful electrical researches which
Wheatstone undertook during his career were those concerning the
electric telegraph. He was first 1led to think in terms of the
possibility of communication over long distances using

electricity by his studies of the transmission of sound through
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solid bodies. The velocity of electricity experiments were also a
necessary prelude to his telegraphic researches, as the velocity
of electricity which he detected was large enough to suggest that
communication by means of electricity was feasible. The
practicability of such communication was another matter, however,
and though there had been several attempts made to construct a
working telegraph using electricity, none was wuseful over
anything but short distances.87

The earliest account of an electric telegraph was in the
Scot’s Magazine®8 of 1753. This telegraph used 26 wires between
sender and receiver, and had an electrostatic machine at one end
and spark gaps at the other. However, as it used static
electricity, it could not be a practical proposition over long
distances as it was too difficult to maintain the insulation.
Also, with a wire for each letter of the alphabet, it was
complicated. Francis Ronalds’ telegraph of 1816 also used static
electricity but it only needed a single wire, and depended on a
clockwork mechanism turning a lettered dial at each end. The
system could work over distances of 150 metres or more, though it

was slow,69

When he came to consider the practicability of telegraphic

communication, however, Wheatstone never entertained the
possibility of using static electricity. The problems of
insulation were too great. Instead, he made use of the Oersted

6 7Hubbard, op.cit. (note 51), pp.6-14.
68Letter signed "C.M.", Scots’ Magazine, 17 February 1753.

69 Hubbard, op.cit. (note 51), p.8. For these and other early
forms of telegraph, see J.J.Fahie, A History of the Electric
Telegraph to the Year 1837, (London, 1884).
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effect, and also, unlike Ronalds’ telegraph, he did not use the
idea of clockwork mechanisms turning lettered dials at each
end.”’?® Other researchers had utilised the Oersted effect prior to
Wheatstone’s commencement of telegraphic studies in 1836,
although none of their attempts were practical over anything but
the shortest distances. A design due to Schilling was
demonstrated by Professor Muncke, of Heidelberg, in 1836. This
demonstration was seen by William Fothergill Cooke (1806-1879),
who constructed his own electric telegraph three weeks later.71!
Cooke was not a scientific man. He had no scientific
education. One of the factors which his six wire, three circuit,
three needle instrument incorporated, and which he felt was
essential to any practical telegraph was the idea of reciprocal
communication: signals could be sent or received at either end.72
For any scientific man it was obvious that electrical signals
could be sent both ways along a wire, but Cooke, not being well
versed in electrical theory, saw it as appropriate to emphasise
the fact that his machine incorporated this feature. The
instrument also included a galvanometer, to detect injuries to
the wire, and an alarum at each end, meaning that the instrument
need not be constantly attended, as a bell would ring before a
message was to be received. The idea of the alarum did not
originate with Cooke, though it seems initially he claimed it as

his own.73

The next instrument which Cooke conceived was similar to

"0Bowers, op.cit. (note 1), p.102,
T1Hubbard, op.cit. (note 51), p.28.
"2Bowers, op.cit. (note 1), p.107,
13 rbid.
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Ronalds’® telegraph in that it employed a single circuit only,
though of course it utilised the Oersted effect, rather than
static electricity. By this time he had begun to run into
difficulties and after consulting Faraday with 1little success,
was referred to Wheatstone by Roget.”? Wheatstone’s advantage,
essentially, was that he knew Ohm’s Law and Cooke did not, and
this was the reason that Cooke had been experiencing difficulties
in getting his telegraphs to work.

Wheatstone’s main achievements in telegraphy by this time
included apparatus for making and breaking the circuit, and his
commutating principle, "by which a few wires were converted into
a number of circuits".?’3 1In consulting Wheatstone in 1837, Cooke
was not interested in the advance of scientific theory. His
desire was merely to obtain money by taking out a patent for a
telegraph which worked. In other words he was an entrepreneur.
On the other hand, Wheatstone’s main concern with the telegraph
was as a piece of scientific research. His primary concern was
not with making money. However, he saw in Cooke the business
expertise necessary to make the electric telegraph a
commercial success, which would at least emphasise Wheatstone’s
own expertise as 1its inventor, and entitle him to some
recognition by society as a scientific man with the ability to
apply his knowledge for the betterment of +the condition of
mankind. They took out a patent in June 1837,76 though
this patent actually excluded all of Cooke’s instruments (this

was not the intention) and was a direct consequence of

14 Tbid., p.109.
75Hubbard, op.cit. (note 51), p.38.
T6Patent No.7390 (Electric Telegraphs), 12 June 1837.
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Wheatstone’s permutating keyboard. It had five wires for five
needles, and the keyboard selected wires for the outward and
return currents. The new features which the patent included were
the permutation of circuits using a keyboard, the use of two
needles on the dial, whose convergence indicated letters, and the
use of vertical weighted astatic pairs of needles.?7?

By this time Cooke was explicitly concerned with business
affairs, and not with design of instruments, and he received 55%
of the profits compared to Wheatstone’s 45%. It has been argued
that Wheatstone deserved a higher percentage of the profits.78
After all, it was he who had applied Ohm’s theory to telegraphic
circuits, which enabled him "to ascertain the best proportions
between the length, thickness etc. of the multiplying coils and
the other resistances in the circuit, and to determine the number
and size of the elements of the battery to produce the maximum
effect".”9 This, in short, was why the 1837 Cooke and Wheatstone
telegraph worked, and all previous telegraphs failed. However,
one could also argue that without Cooke the telegraph would not
have been a commercial success, as he secured its adoption by the
railways. Such retrospective judgements as to who desrved

financial reward are misleading and unhelpful in an historical

discussion. It 1is more important to consider Wheatstone'’s own
TTHubbard, op.cit. (note 51), pp.58-67 gives details of the
patent.

78 Bowers, op.cit. (note 1), p.109.

79C.Wheatstone, The Electric Telegraph: Was it invented by
Professor Wheatstone? Mr.Wheatstone’s Answer (a reply to a
pamphlet by Cooke), (London, 1856),.
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feelings, which were that he was the scientific man responsible
for inventing the telegraph, and so he ought to be recognised as
the most important individual in its realisation. This
seeking of an acknowledgement of the vital role he played was
more of a motivation for him than the money. The member of the
scientific elite, as will be argued throughout this thesis, was
motivated by a belief in his value +to society more than by
financial ambition. Those who aspired to such membership
therefore ought to be free from such motives. In this context a
controversy involving the ambitious instrument maker E.M.Clarke
is worth relating, owing to its relevance to the telegraph.

In 1837, Cooke and Wheatstone were certainly not able to
operate their telegraph by means of a magneto-electric device (or
"magneto" for short). In 1840, however, they took out a new
ratent for a telegraph employing such a device in place of the
usual battery.89 For some years afterwards the battery-driven
version was still dominant, though by the mid-1840s the magneto
was to become the predominant means of driving the telegraph.8l

The first such generator had been developed in 1831 by
Faraday, only a month after he had discovered the principle of
electromagnetic induction upon which it was based. The Faraday
generator used a rotating copper disc and a permanent magnet, but
could only generate a low electro-motive force. Subsequent
generators had magnets and coils of wire rotating relative to
each other. Pixii’s machine of 1832 had the coils fixed and the

permanent magnet rotated.82 This machine seems to have been the

80Bowers, op.cit. (note 1), p.67.
81 Tbid.
82 rpid., p.68.
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inspiration for Saxton’s machine in 1833, although in this
machine the magnet was fixed and the coils rotated.®3 Whilst
mentioning Pixii, Saxton did claim originality for his design.8%
The arrangement which Wheatstone used in his 1840 ABC telegraph
was one dating from 1835, due to Clarke.

Joseph Saxton, of 24 Sussex Street, London, was the contriver
and maker of a '"great magnet" exhibited at the Gallery of
Practical Science in Adelaide Street, off the Strand. This was
apparently a magneto-electric machine, according to his
contemporary Francis Watkins.85 Saxton’s 1833 magneto-electric
machine was exhibited at the meeting of the British Association
for the Advancement of Science of that year, held in Cambridge.8¢
Saxton’s machines were certainly used by Wheatstone, as several
of +them occur in the lists of apparatus which he had at King'’s
College.87 It may therefore be surprising that it was the
arrangement of Edward Montague Clarke that Wheatstone used in the
magneto of his 1840 ABC telegraph, as Clarke and Saxton were
great rivals. Clarke, an optical and philosophical instrument
maker, was for some time employed by Watkins and Hill before
moving to his own premises in Lowther Arcade.88 Clarke designed
and built a thermo-electrometer (which measured the power of a

battery to heat metal wires) and he also modified and built a

83 Irbid.

84J,Saxton, "Mr.J.Saxton on his Magneto-electrical Machine, with
Remarks on Mr.E.M.Clarke", Philosophical Magazine, 1836,
pp. 360_5.

85Taylor, op.cit. (note 29), p.459.
86 rbid.

87Wheatstone Papers, File 22, King’s College, London.
88Taylor, op.cit. (note 29), p.359.
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design of Faraday’s for an instrument called the volta-
electrometer which measured the volume of gases given off by the
decomposition of acidulated water.89 However Clarke was most
famous for his Magnetic-Electrical Machine, of which an account
was published in 1836.8% Here, he described himself as "Edward
M.Clarke, Magnetician". Saxton had at that stage not published an
account of his machine, and in doing so the following month, he
charged Clarke with stealing his invention:
A reader...might be misled, from the paper I have
alluded to, to believe that the electro-magnetic
machine there represented was the invention of the
writer, and that the experiments there mentioned
were made for the first +time by its means.
No conclusion, however, would be more erroneous.
The machine which Mr.Clarke calls his invention,
differs from mine only in a slight variation in
the situation of its parts, and is in no respect
superior to it.91
Saxton then pointed out that his machine was well known
from mentions it received in articles by Faraday and Daniell, as
well as Wheatstone. Both Saxton’s and Clarke’s accounts include
diagrams, and both only address how the machines are constructed

and what effects they can produce. They do not deal with any

theoretical questions concerning their mode of operation.

89T.R.Morus, "The Sociology of Sparks: An Episode in the History
and Meaning of Electricity", Social Studies of Science, 1988
(18), pp.387-417, on p.399.

90E.M.Clarke, "Description of E,M.Clarke’s Magnetic Electrical
Machine" Philosophical Magazine, 1836, pp.262-6. A slightly
extended version of this paper is E.M.Clarke, "A Description

of a Magnetic Electrical Machine, invented by E.M.Clarke,
Magnetician", Annals of Electricity, 1836-7 (1), pp.145-55.,

91Saxton, op.cit. (note 84), p.361. For further detail on this
dispute, see I.R.Morus, The Politics of Power. Reform and
Regulation 1in the work of William Robert Grove, (Ph.D.
Thesis, University of Cambridge, 1989), pp.18-21.
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Clarke’s reply to Saxton?? pointed out that the Clarke
machine greatly reduced the vibration of the magnets, which was
unavoidable in the Saxton arrangement, but the two men
essentially talked through each other, Clarke claiming that all
he had done was to describe "E.M.Clarke's Magnetic-Electrical
Machine", Saxton claiming that Clarke, by omitting to mention
him, considered himself the inventor. Wheatstone, then, used
Clarke’s arrangement because it was an improvement on Saxton’s in
terms of vibration. He sided with Saxton, however, in as much as
he recognised that Clarke was claiming inventions as his own

with which he had very little to do. Wheatstone wrote to Cooke on

20 March, 1838:

I hope you have thought nothing more of Clark’s
[sic] offer to you. I think it would be a most
ill-judged step to enter into any arrangement with
him, and I will give you my reasons.

1st. I am perfectly satisfied with the energy,
convenience, and portability of the battery I
employ, and do not imagine it can be much exceeded
in any of these respects.

2nd. Clark has on several occasions asserted that
he has made important discoveries which were
nothing but vain boasts.

3rd. Nothing would give me more annoyance than to
put it in the power of a man like Clark to say
that the Telegraph was not completed without his
assistance, and this he would be able to do by the
arrangement you proposed, even if his "invention"
should turn out, as I am sure it will, mere
moonshine.

4th, Neither you nor I can insert in any patent
we may hereafter take out, this thing you propose
to purchase, without inserting Clark’s name in the
patent .93

92E,M.Clarke, "Reply of Mr.E.M.Clarke to Mr.J.Saxton"
Philosophical Magazine, 1837, pp.455-9, on p.456.

93Wheatstone to W.F.Cooke, 20 March 1838, Cooke Papers,
Volume 1, Institution of Electrical Engineers,
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Admittedly Clarke had achieved a reputation for pirating
other people’s inventions by this time, but Wheatstone'’s letter
indicates a wider concern with infringements on intellectual
property which belonged to men of science. In Wheatstone’s eyes,
Clarke was an instrument maker, not a man of science. As such he
ought to construct instruments, and not claim to have invented
grand new machines when it was plain that the ideas for these had
come from men of science. When he wrote +the above letter,
Wheatstone was established in the chair of Experimental
Philosophy at King’s College and regarded himself as a member of
a scientific elite. This elite did not include instrument-makers
such as Clarke. Although Wheatstone'’s motives for being part of
this scientific elite were not monetary ones, he was
always keen to ensure that scientific expertise brought to its
possessor the pecuniary rewards that it should. Thus, although he
was initially offered one-sixth of the profits of the original
telegraph patent, he was eventually to settle for a 45% share. In
the case of Clarke, Wheatstone did not wish the instrument-maker
to derive income from an "invention" which was probably only a
modification of a previous design by a man of science. So, while
the letter to Cooke was directly concerned with - Clarke,
Wheatstone’s sentiments were more widely applicable.

This was to become of more than passing interest in 1840,
when Cooke became dissatisfied with what he saw as the increasing
tendency of Wheatstone to ignore him when referring to the
invention of the electric telegraph. Although Wheatstone denied
ever ignoring Cooke, it is true that on occasions he omitted

explicitly to mention him, which was considered by Cooke to
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amount to the same thing. Cooke often omitted to mention
Wheatstone too - for example in 1845, it is stated in Chambers’
Magazine:
Mr.Cooke, the inventor, who, with the assistance
of Professor Wheatstone, has brought the
instrument to its high condition of usefulness,
was in the room, and readily explained to the
writer not only the nature, but the origin and
progress of the invention.94
There were undoubtedly causes for grievance on both sides,
and the case was put to arbitration. The task of the arbitrators
was to determine "in what shares, and with what priorities and
relative degrees of merit, the said parties hereto are co-
inventors of the Electric Telegraph".?93
Wheatstone was adamant that only men who had made scientific
enquiry their subject of study should be admitted as arbitrators.
The reason for this was obvious: the arbitration concerned the
invention of a scientific instrument, and only a man of science
could truly appreciate quite what "invention" meant in this
context. Daniell, acting on the part of Wheatstone, had certainly
made scientific enquiry his subject of study, though the same
could not be said of M.I.Brunel, who represented Cooke’s
interests. P.M.Roget was appointed as third arbitrator. Although
the case proceeded, the outcome of 27 April, 1841 was not a
resolution in favour of either man:
Whilst Mr.Cooke is entitled to stand alone, as the

gentleman to whom +this country is indebted for
having practically introduced and carried out the

94 Chambers’ Magazine, June 7, 1845,

95W,F.Cooke, The FElectric Telegraph: Was it 1invented by
Professor Wheatstone?, (London, 1856), contained most of the
material relating to the arbitration, and was printed along
with Wheatstone’s answer to this pamphlet of Cooke.
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Electric Telegraph as a useful undertaking,
promising to be a work of national importance,
and Professor Wheatstone is acknowledged as the
scientific man, whose profound and successful
researches have already prepared the public to
receive it as a project capable of practical
application, it is to the united labours of two
gentlemen so well qualified for mutual assistance,
that we must attribute the rapid progress which
this important invention has made during the five

years since they have been associated.?®6
Both men said they were satisfied with the outcome, though
Cooke did resurrect the dispute some thirteen years later and a
series of pamphlets ensued with each man attempting to refute the
claims of the other.?7 From Wheatstone’s point of view, the main
concern was that a man ignorant of scientific theory should not
receive credit for a scientific invention. He did not wish to
deny Cooke his part in the commercial realisation of the
telegraph, but by the same token did not wish to give Cooke a
scientific status he did not deserve. Cooke’s arguments during
the arbitration proceedings often tried to establish the extent

of his progress towards a practical telegraph before he met

Wheatstone, and sometimes he made use of the relations he had had

with instrument makers to back up his claims. For example, some
work was done for Cooke by the instrument maker Moore, of
Clerkenwell.

In February, 1841, 1in the middle of the arbitration, Moore
wrote to Cooke about the particulars of the first telegraph made

"by us" which Cooke had asked for:

96 The award of the arbitrators was eventually published in 1856,
as part of ibid.

97 Ibid.
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I cannot give you any particulars of the
instrument with keys as I find that it has never
appeared against you in our books. I mean the
instrument with ivory knobs with several plates of
Brass at bottom with springs etc. fitted to a
mahogany case and stand. This instrument was
finished while I was at the Isle of Wight and no
account was given of it by the man that made it.
The man that made the large instrument has left
our employ....

I believe that the instrument that was made first
was delivered to you some +time in 1836 but it
then not being considered complete was not booked.
Consequently it remained until the date in hand...
I am having search made for what can be found of
the different parts of this instrument that were
made and not sold and I will take the earliest
opportunity of sending them.98

Further correspondence concerning the instruments which Moore
made for Cooke was inconclusive; Moore found some clue as to the
"instrument in question", but found also that it had never been
booked against Cooke.

The arbitration between Cooke and Wheatstone was over by 1841
and they even took out another telegraph patent together in May
1845.99 However by this time their relationship was effectively
over, Wheatstone having been bought out of his share of the
patents in return for a royalty. Though the dispute with Cooke
was his most visible concerning the telegraph, Wheatstone also
had conflicts with other men over telegraphic instruments. Again
the +theme was that instrument makers should not be allowed to
take the credit for designing instruments with which they had
little to do. The credit for designing scientific instruments

belonged to men of science, such as Wheatstone himself.

98J.Moore to W.F.Cooke, 2 February 1841, Cooke Papers, Volume 2,
Institution of Electrical Engineers.

99pPatent No.10655 (Electric telegraphs and other apparatus), 6
May 1845.
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One such dispute of Wheatstone’s was with Alexander Bain
(1810-1877), who served for a short time as apprentice to a
clockmaker in Wick. He <came to London in 1827 and attended
lectures at the Adelaide Gallery, seeing the electromagnetic
experiments demonstrated there.l19% In October 1840, Wheatstone
published a paper on the electro-magnetic clock, which is
essentially an ABC telegraph receiver fitted with clock hands.101
At the same time Wheatstone had devised a printing telegraph. 1In
January 1841, Wheatstone was contacted by a Mr.Barwise, who
claimed to be the inventor of the clock. Later it was stated that
Barwise and Bain were joint inventors. Wheatstone did not respond
until 1842, when he was directly charged by Bain in the press of
pirating his invention. Wheatstone’s answer was that there was no
essential difference between his electro-magnetic clock and the
type of electro-magnetic telegraph that was patented in January
1840 (the ABC telegraph). In sending messages the wheel for
making and breaking the circuit was moved manually, whereas in
showing time it was moved by clockwork. Bain’s allegation was
that he had communicated the invention of the clock to Wheatstone
in August 1840, during a period from August to December that he
was employed as a mechanic by the professor. Wheatstone claimed
to have suggested the idea of an electro-magnetic clock (a single

clock that could show its time in various locations) long Dbefore

100C,K,Aked, "Alexander Bain. The Father of Electrical Horology",
Antiquarian Horology, 1974 (9), pp.51-63, on p.53.

101c,Wheatstone, "Description of the Electro-magnetic Clock",
Proceedings of the Royal Society of London, 1840, pp.249-50.
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that date. This claim was verified by W.A.Miller of King’s
College, and John Martin the artist, who dated Wheatstone’s
suggestion of the clock to him in May 1840,102

Bain also disputed the invention of the printing telegraph.
To this, Wheatstone simply pointed out that the printing
apparatus was merely an addition to the electro-magnetinc
telegraph of which he was obviously the inventor.'93 Edward
Cowper said that he had sent Wheatstone information he had asked
for about preparing manifold writing paper, and the best form of
type for printing on it, on June 10, 1840, long before Bain had
any idea of a printing telegraph.104%

Wheatstone’s position ought to have been vindicated, yet Bain
was able to take out patents in 1841, 1843, and 1845, with the
last two referring to improvements in prinéing telegraphs and
electric clocks, respectively. Bain opposed the bill for
incorporation of the Electric Telegraph Company (which bought
Wheatstone out for £30,000) which was brought into Parliament in
1846. The bill passed through the Commons but the Lords felt an
arrangement ought to be made with Bain. So he too was bought off,
subsequently being elected a director, though he soon resigned,
In 1851 he was paid £20,486 by the Company as a patentee, even
though his patents were only modifications of Wheatstone’s ideas.

Despite the rewards from these patents, Bain died in near poverty

in 1877.105

102 Jeans, op.cit (note 1), p.161.

losl-bido, PP-161-2-
104 7pid., p.162.

105Aked, op.cit. (note 100) is a very one-sided account of the
dispute in Bain’s favour.
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As the electric telegraph served as a focus of financial
ambition for individuals such as Cooke, Clarke, and Bain, this
section has been mainly concerned with portraying the contrast
between the motives of these men and those of the philosopher,
Wheatstone. While it would not be correct to assume that
Wheatstone had no interest in money, I have tried to show that
his main interest in these disputes was in defending his status
as a philosopher, of greater expertise and value to mankind than
other groups such as artisans and entrepreneurs. In trying to
resolve the tensions between his motives and those of the
artisans whom he employed, it was inevitable that disputes should
arise over intellectual property. In the next section I would
like to develop further, by reference to his later research,
telegraphic and otherwise, the notion that Wheatstone
considered himself the vital element in the fulfillment of any
practical project based on scientific principles, with the

artisan performing only a supporting role.

5. Wheatstone’s Later Researches and his Relationship with

J.M.A.Stroh.

In the mid-1860s Wheatstone was working on the concept of a
self-excited generator, or dynamo, a continuation of his concern
with the production of electricity manifested in his earlier work
on thermo-electricity. This machine was based on the concept that
the magnetic field in it could be produced by an electromagnet
which had been energised by the generator itself. Wheatstone,

Werner von Siemens, and Samuel Alfred Varley were all working
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on dynamos in 1866,196 Siemens published the first account of a
working dynamo on 17 January 1867, and could therefore lay claim
to being the inventor of the dynamo.!97 When a voltaic battery
was connected with the wires of Siemens’ electro-magnet and then
disconnected, a feeble current was generated in the wire of the
revolving armature by the permanent magnetism of the electro-
magnets. This current, rather than the current from the battery,
was then transmitted through the coils of its own exciting
electro-magnet, and in this way an output several times the
ordinary one was obtained.

Wheatstone displayed his instrument shortly afterwards. It
had a soft iron core 15 inches long and bent into a horseshoe,
which was wound breadthwise with silk-covered copper wire 640
feet long. The armature (i.e. the piece of iron extending across
the ends of the horseshoe magnet) was hollow at two sides to

accommodate another 80 feet of insulated wire wound lengthwise.

The two wires were connected so as to form a single circuit, and
the armature was made to rotate clockwise, +thus producing
powerful electrical effects.198 Wheatstone, Siemens, and also

Varley came upon their working dynamos independently, so all can
lay claim to being the inventor of the dynamo. The credit |is
usually given to Siemens, as his was the first published account,
though Varley had put such a machine on record in a provisional

specification before this. Wheatstone, however, had possessed his

106 Jeans, op.cit. (note 1), pp.208-9.

107C,W,Siemens, "On the Conversion of Dynamical into Electrical
Force without the Aid of Permanent Magnetism" Proceedings of
the Royal Society of London, 1867, pp.367-9.

108 Jeans, op.cit. (note 1), p.206.
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machines (which he eventually exhibited in a working form in
February 1867) before Varley’s or Siemens’ machines were either
finished or ready for trial.l1?9 The reason this can be asserted
is that Wheatstone employed an instrument maker, John Mathias
Augustus Stroh, to construct self-excited generators for him.
They were made in July and August 1866, and having been
finished, tried, and approved of by Wheatstone, they were 1in
the wusual course of business charged for by Stroh on 12
September 1866.11¢ Thus, chronologically at least, Charles
Wheatstone had the first working dynamo, and was aided in its
development by an instrument maker.

Stroh (1828-1914) worked for Wheatstone from the mid-1850s
to Wheatstone's death in 1875. He was born in Germany, and
apprenticed to a clock and watchmaker, but had moved to England
on a permanent basis after a holiday during which he visited the
Exhibition of 1851. He was introduced to Wheatstone shortly after
this, and opened his own premises in London in 1860.,111
Manuscript papers of Wheatstone show that their collaboration was
extensive and close. Stroh worked on telegraphs, notably ABC and
Automatic telegraphs, in collaboration with Wheatstone, though he
had many other scientific interests, including horology and
photography. He was also interested in musical instruments.l12 He
took out a patent jointly with Wheatstone in 1872 for

improvements to reed instruments (harmoniums and concertinas),113

logIbidn, pp.208—9.

111 "John Mathias Augustus Stroh", Journal of the Institution of
Electrical Engineers, 1915 (53), pp.871-2.

112 1pid, ‘
l113patent No.39/1872 (Musical Instruments), 4 January 1872.
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and though the two never formed a company, they did take out
another 3 patents, all related to the telegraph.l114 Wheatstone
regarded himself as the elite scientist of the partnership but
saw Stroh as more than a mere workman, and appreciated the
technical knowledge as well as practical skills which Stroh could
give to the partnership.

One of the patents obtained by Stroh referred to the
synchronising mechanism for a master clock, patented in 1869. The
pendulum of the clock carried a coil which swung over a pair of
horseshoe magnets, and the current generated was transmitted to
other dial movements in circuit with the coil, which thus became
synchronous motors driven by the current. The system was a good
one in that it eliminated problems due to faulty contacts, but
was a poor time-keeper, as there was too much interference with
the free motion of the pendulum.l15

The nature of their relationship is shown by Wheatstone’'s
manuscript papers, which contain several lists of apparatus to be
made by Stroh. For example there is a list of 17 items, including
a torsion electrometer, torsion galvanometer, rotary discharger,
key discharger, apparatus for charging a column of water, a case
of insulating discs, etc.l!1® Occasionally we find a 1list, in
Wheatstone’s hand, of experiments which Stroh was to carry out.
The nature of these instructions suggests +that Stroh was more

than a manual worker, for example we find in a note of

ll4patent Nos.2897/1870 (3 November 1870), 2172/1871 (18 August
1871), and 473/1872 (15 February 1872).

l15Notes to exhibits in Science Museum, London.
l16yheatstone Papers, File 1, King'’s College, London.
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experiments to be made, dated June 1861:

1.Experiments with the standard magnet of +the

present communicator, to determine the
simultaneousness of the breaking and making
currents

2.Magnet with fixed coil and rotating armature
put in motion by weights. Break ©pieces to be
arranged so as to stop either the breaking or
making currents. For this experiment a narrow
armature must be employed...117

There also exists a list of experiments "at Mr.Stroh’s",
dated June 1, 1865,118 guggesting that he and Wheatstone also
used his shop for research purposes.

The relationship between Wheatstone and Stroh, then, was a
rather more extensive collaboration than he had with any maker
in his earlier years. Importantly, it seems it was a relationship
in which, more than before, Wheatstone regarded the maker as
having a technical expertise, if not equal to his own, then at
least sufficient to aid his own scientific contributions.
Indeed, Stroh wunderlined his claims to expertise by becoming a
member of the Society of Telegraph Engineers (which became the
Institution of Electrical Engineers), and the Physical Society,
as well as by publishing scientific papers and serving on various
exhibition committees.11?9 However, although Stroh initially used
his instrument making skills in order to make his living when he
arrived in Britain, he can more accurately be seen, from these
later achievements, as a foreign man of science seeking to gain
standing in the English scientific community. Thus it was not

incongruous that Wheatstone should be generous 1in according

credit to him for innovations, in that he saw him as having

117Wheatstone Papers, File 29, King’s College, London.
118 Tpid.

119"John Mathias Augustus Stroh", op.cit. (note 111).
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sufficient expertise to warrant status, if not among the elite,
then at least within the scientific community rather than the
community of artisans. This opinion of Stroh contrasted sharply
with his views of earlier makers such as Clarke, towards whose
claims to have furthered scientific knowledge he was hostile,
as we have seen in the case of the 1letter he wrote to Cooke
concerning Clarke’s battery.

This idea, of an instrument maker such as Clarke being only
an artisan, in the eyes of Wheatstone, the elite philosopher, is
exemplified further by a controversy which broke out in 1869
between W.A.Miller, the Professor of Chemistry at King’s College,
London, and the instrument makers Negretti and Zambra, in which
Wheatstone was involved indirectly. The presence of Negretti and
Zambras’ letter to Miller among Wheatstone’s papers suggests
that Miller asked Wheatstone’s advice on the matter,120

Negretti and Zambra wrote to Miller in November 1869
referring to an article of his in the Proceedings of the Royal
Society of that year in which Miller described a new deep-sea
thermometer, made at Miller’s suggestion by Casella.l21 J1ouis

P.Casella of 23 Hatton Garden, who died in 1897, was a maker of

optical, mathematical, and philosophical instruments. Negretti
and Zambras’' contention was that they had exactly the same
thermometer as early as 1864, and it was mentioned in a treatise

120Negretti and Zambra to W.A.Miller, 23 November 1869,
Wheatstone Papers, File 36, King’s College, London.

121y ,A.Miller, "Note upon a Self-Registering Thermometer adapted
to Deep-sea Soundings", Proceedings of the Royal Society of
London, 1869, pp.482-6.
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of theirs on meteorological instruments of that year,122 and
given that Casella was a well-known maker of thermometers, he
should have been aware of this treatise and been able to inform
Miller of its contents.

Miller’'s self-registering thermometer adapted to deep-sea
soundings was constructed upon Six’s plan. In his paper, Miller
stated that several of these thermometers had been prepared
"with wunusual care" by Mr.Casella.l!23 The problem faced in the
design of this instrument was to adjust the strength of the index
spring and the size of the pin so as to permit it to move
sufficiently freely when pressed by the mercury, though without
running any risk of displacement while the instrument was being
raised or lowered into the water. Casella’s role was apparently
to determine the conditions in the spring for best accuracy, and
the tube diameter for best accuracy. "He has also himself had an
hydraulic press constructed expressly with the view of testing
these instruments".124 With this press, the experiments described
by Miller were made.

What Miller did to protect the thermometers from the effects
of pressure was to enclose the bulb of such a Six’s thermometer
in a second or outer glass tube which was fused upon the stem of
the instrument. This outer tube was almost filled with alcohol
(some space was left to allow expansion) and the outer tube and
its contents were hermetically sealed. Pressure variations then

did not reach the bulb, though temperature variations reached it

122Negretti and Zambra, A Treatise on Meteorological Instruments,
(London, 1864).

123Mjller, op.cit. (note 121).
124 7hid.
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quickly. The design worked, though at a high pressure one such
thermometer fractured. Apparently this was an early specimen, and
subsequent specimens did not break.125

Negretti and Zambra were obviously keen to ensure their
precedent in designing such a thermometer. There was a
difference, however, between the Miller-Casella pressure-
protected Six's thermometer of 1869 and that made by Negretti and
Zambra in 1864, and this was that in the former, the evacuated
space between sheath and bulb was partially filled with alcohol,
and not with mercury as in the latter. The whole dispute, though
not directly involving Wheatstone, is typical of the sort of
conflict he became involved in where inventions of a financially
promising nature were concerned. Practical men such as Bain,
Clarke, and in this case the noted London instrument makers
Negretti and Zambra, were always keen to have a share of the
scientific acclaim which those 1like Wheatstone received, and
this, together with the financial rewards a successful patent
might bring, was enough to explain their perseverence in these
kinds of dispute. Negretti and Zambra in particular were always
ready to boast of their own achievements; for example, in a
letter to E.J.Lowe (of Beeston Observatory, near Nottingham) in
1856 they speak of having made a "perfect" maximum thermometer
and a "perfect" minimum thermometer, and that bearing such
achievements in mind they considered it no surprise that the Jury

at the Great Exhibition of 1851 awarded them a Prize Medal.l126

125 1bhid.

126 Negretti and Zambra to E.J.Lowe, 19 May 1856, British Library
Add.Ms. 43829 f.28.
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Wheatstone’s concern was not with promoting a trade, such as
was the case with Negretti and Zambra. If we consider his
invention of the Polar Clock, we can see that it is typical of
him in that it is an invention which again we can say is designed
for the benefit and use of mankind. It enables the user to tell
the time by the sun when the sun itself cannot be seen, by
considering the polarisation of the sun’s light.127

Wheatstone had two of these instruments made by W.H.Darker.
One was accurate to 12 minutes and the other to 30 minutes,128
Wheatstone needed the services of a maker here because he was not
capable of performing the precision work necessary for the
manufacture of a successful optical instrument. Optical
instrument making required skills which a background in musical
instrument manufacture did not provide. Thus both Wheatstone and
Darker could be seen to supply different components of the labour
required to produce a specific instrument: Wheatstone supplied
the 1intellectual 1labour involved in its design, and Darker

performed the manual work. As will be argued throughout this

thesis, however, the philosopher emphasised his as the most
important role, and his skill as the most valuable and rare
127Bowers, op.cit. (note 1), pp.203-4. This instrument had a

Nicol prism as an eyepiece and a plate of selenite as an
object. The plane of polarisation of the sky is always 900
from the sun, and if the instrument is directed to the North
Pole, the position of the prism will need to be adjusted to
reproduce any neutralised or other given effect of the plate
of selenite. By a consideration of this adjustment or rotation
on its axis, the hour of the day can be obtained. See also
C.Wheatstone, "On a means of determining the apparent Solar
Time by the Diurnal Changes of the Plane of Polarisation at

the North Pole of the Sky", B.A.A.S. Report, Swansea, 1848,
pp.10-12.

l128Bowers, op.cit. (note 1), p.204.
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commodity among the processes required for the realisation of
practical projects. Besides this division of labour which
operated in the development of new instruments, there was also an
increasing sense in which the name of a maker on an instrument
constructed on his premises was no longer a guarantee that he had
participated in its construction. From the point of view of the
customer, this division of 1labour 1in the manufacture of
instruments was not always a good thing, as it could allow for
mistakes to be made by employees who were not specially trained.
An interesting example of this is pointed to in a letter from
John Browning to Wheatstone. John Browning was +the leading
spectroscope maker of the 1870s and 1880s. In 1882 he published a
work on how to use the spectroscope.l29 Browning described
himself as Optical and Physical Instrument Maker to Her Majesty’s
Government, the Royal Observatory, the Royal Society, and the
Observatories of Cambridge, Utrecht etc.130 He wrote to
Wheatstone on 7 March, 1873: "I beg to enclose you the key of
the spectroscope and very much regret my Packer omitted to fasten
it to the case".!31 This sort of mistake, it could be argued,
would have been less likely to occur if the instrument maker had
been responsible for all the stages of the process. This may
have been a reason why Wheatstone’s partnership with Stroh was

so 1important to him, as he could deal with Stroh on an

129J,Browning, How to Work with the Spectroscope, (London,
1882).

130J,Browning to Wheatstone, 7 March 1873, Wheatstone Papers,
File 18, King’s College, London.

131 Ibid.
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individual basis. In an age of increasing market pressures,
however, there was little option for a maker such as Browning
but to expand and depersonalise his business, if he wanted
it to survive.

Wheatstone’s attitude towards instruments and their makers
must be viewed in the context of his ability as a manufacturer of
musical instruments in his early years, and his consequent
practical skills which enabled him to make the transition to
designing and constructing scientific instruments with ease. The
instruments he made himself covered the whole spectrum of those
he designed. Most of his instruments were aimed at the resolution
of a practical problem (e.g. the polar clock), or were
practically wuseful contrivances to mankind (e.g. the electric
telegraph), though he did make instruments to demonstrate points
of theory as well. In this latter class comes the Kaleidophone,
and also a wave machine which he constructed around 1842. This
machine, of which examples still survive, consisted of a wooden
box with trains of white beads on stalks, and was used as a model
to demonstrate light waves in the ether, being able to show
various types of polarised light. Such a machine is an excellent
testimony to the abilities of Wheatstone the instrument maker.132

In Wheatstone’s 1843 Bakerian Lecture he had no hesitation in
being generous to S.H.H.Christie, and giving him the credit as
inventor of the differential resistance measurer, which would
later become known as the Wheatstone Bridge. However, one must

remember all the occasions on which Cooke claimed that Wheatstone

1320ne of these instruments can be seen in the Science Museun,
London.
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failed to give him credit for his part in the invention of the
electric telegraph. Similarly, the names of instrument makers
were usually left out of his published accounts unless, as with
Stroh and the later telegraph patents, they had some technical
input to make. Even so, Wheatstone generally viewed makers with
respect and appreciated that they required a considerable level
of knowledge to do the work which he asked of them. But Charles
Wheatstone viewed himself as a member of a scientific elite, and
membership of this group was something which he felt that an

instrument maker, as an artisan, did not possess.,
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The next individual I would like to consider at some length
in this thesis is Charles Babbage (1791-1871). Unlike Wheatstone,
Babbage had a University education, at Cambridge for three years,
though he did not take the Mathematical Tripos at the end of this
reriod. He also differed from Wheatstone in that he did not have
an institutional base from which to carry out his scientific
work, which he had therefore to finance mainly from his own
pocket. While these differences between the two men must be
considered major ones, I would like to show in the course of this
chapter that their common pursuit of scientific work transcended
any such differences and drew them together as members of what
they recognised as a significant social grouping. Babbage also
represents a particularly important case study for this thesis in
that, as with Wheatstone and the electric telegraph, he was
involved for the greater part of his career with a practical
project - his calculating engines. This means that his
relationship with artisans who assisted him on this project may
be analysed in depth, as was done with Wheatstone and his
assistants on the telegraph in Chapter 3. Such analysis forms a
large proportion of this chapter, and in this way Babbage’s
writings on the position of men of science in society and their
relationship to other groups are brought into sharper

relief.

Babbage published his Reflections on the Decline of
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Science in England! in 1830, and two years later in 1832 +there
appeared his mammoth On the Economy of Machinery and
Manufactures?, which 1is often considered to be his only truly
complete work.3 At a first glance it might seem that the two
books have little in common, and are the writings of someone we
would best describe as a polymath, but if we do this we are
distorting Babbage’s own motives. In fact, although Reflections
is a polemic against the British Government and more particularly
against the Royal Society, and On the Economy is a work of
political economy, the two books have the unifying theme of
Babbage’s attitude to science and its applications, consideration
of which eliminates the apparent paradox of his having interests
in widely different fields.

Over half of Reflections is devoted to an attack on the
Royal Society, or rather its ruling party. Babbage was critical
of the method of electing Fellows, which, as he saw it, was a
matter of knowing the right people. He even <claimed that a
complete ignorance of scientific matters would not have hindered

one’s desire to become a Fellow.? Babbage also criticised the

election of Davies Gilbert as President; someone whom he
admired as a gentleman, but whom he did not see as a
1C.Babbage, Reflections on the Decline of Science in England,
and on some of 1its Causes, (London, 1830), - hereafter
Reflections.

2Charles Babbage, On the Economy of Machinery and Manufactures,
(London, 1832) - hereafter On the Economy.

3P. and E. Morrison, Charles Babbage and his Calculating
Engines, (New York, 1961), p.xxvi.

4 Reflections, pp.50-2.
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distinguished philosopher,5 and he exposed some inconsistent
practices connected with the awarding of the Royal Medals. In
this latter case, Babbage himself had been the victim of the
Society’s transgression of its own rules for the award of the
very first Royal Medal.®

The other major attack in the book was on the Government,
and the lack of support which it offered to men of science. This
was in sharp contrast to France, where the cultivators of
scientific knowledge could not only derive an income from the
State for their work, but could aspire to State honours as well.
Babbage proposed the establishment of an Order of Merit as a
reward for scientific endeavour in this country,? a proposal
that was not adopted. Ironically, when Babbage was offered a
knighthood in the 1840s, he declined it, presumably because he
did not wish to be conflated with those obtaining honours for
political reasons.

However, there is another theme in Reflections which we can
discern in Babbage’s other works, and particularly in On the
Economy, and this is a concentration on the need to make the
principles of abstract science available for application. On the
Economy assumed that the principles were there, waiting for
application, though of course it was also the role of the
philosopher to find the principles in the first place. In the

introductory remarks he stated:

5Ibid-, pp053_60
sIbidn, pp0115—24o
"Ibid., pp.198-200.
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...in England, particularly with respect to the
more difficult and abstract sciences, we are much
below other nations, not merely of equal rank,
but below several even of inferior power.8
Babbage regretted that a country so "distinguished for its
mechanical and manufacturing ingenuity" should be in such a state
with regard to mathematical science.? Bearing in mind his
Cambridge background, it was not surprising that he made the
value judgement that mathematical science was a superior form of
knowledge to other forms of science, and also that it was more
important because it could be applied to useful ends (such a view
of mathematics would have been welcomed by Airy, though not by
Faraday and Wheatstone). This tied in with the central theme
of On the Economy. The object of this book was to ensure that
British industry was organised on a scientific basis; its
argument being that the "scientific" approach was the only one
which could solve the problems of industry. As such, this gave
the philosopher a special place in society, and provided him with
a legitimation of his activity. This notion of the economic
benefit to be gained from the work of the philosopher was a vital
one to Babbage, as we shall see throughout the rest of this
chapter, both in his work on the calculating engines and in his
scientific writings.
At almost 400 pages long, the work was a considerable one.
The research was carried out in factories in Britain

and on the continent, and Babbage acquired a reputation for

listening carefully to what the workmen he met had to say about

8 Ibid., p.l.
9 Ibid.
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the methods they used. His respect for workmen’s skills may have
gone back a 1long way, according to Hyman, who argues that
Babbage’s own mechanical skills might have been inherited from
his ancestors, who were goldsmiths (in fact his own father may
have been a goldsmith, before he became a London banker).10
Apparently Babbage had always had an interest in mechanical
things - when shown a toy as a child he would not be content
until he had ascertained how it worked, and this meant, if
necessary, taking it apart.ll! Without wishing to agree with
Hyman’s style of historiography, I would maintain that Babbage
respected the skills of the workmen whom he encountered during
his researches, and, as we shall see later, he was always willing
to give high praise to the skilled artisan.

On the Economy, then, was a work which fully showed the
need for the application of scientific principles to industry,
and such application would produce wealth for individual
entrepreneurs, though more importantly for +the nation. It was
suggested at the York meeting of the British Association in

1831 that:

a Report or Essay on the best practical method for
making science available for the improvement of
the mechanical arts would form an interesting
paper for the Oxford Meeting; it was observed
that in France the highest scientific acquirements
are applied to the most trifling operations while
in England the most important works were

10A ,Hyman, Charles Babbage, Pioneer of the Computer, (Oxford,
1982), p.9.

11C.Babbage, Passages from the Life of a Philosopher, (London,
1864), p.8. Hereafter Passages.
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successfully executed without any apparent
reliance on the results of scientific
calculations.12

Presumably with the publication of a full length book on the
subject such an essay became unnecessary. It is interesting to
note the favourable reference to the French in the above letter,
something which Babbage, having Jjust published Reflections,
would have appreciated, considering the admiration he showed for
the attitude of the French Government towards men of science.

Some emphasis should be placed upon Babbage’s concern with
political economy as a tying together of his work - that
scientific principles should be applied to manufacturing industry
to produce wealth. Clearly this was the principal message of On
the Economy, but it was also implicit in the rhetoric of
Reflections, which stressed the importance of the man of science
and his work to society. Although I argue throughout this thesis
for an increasing sense of collective identity among men of
science, and emphasise the way 1in which the group was
characterised by the insistence of its members on their value to
the State, it must be conceded that Babbage’s rhetoric on this
roint was considerably more strident, indeed vitriolic, than
that of the subjects of the other case studies. Babbage also saw
the calculating engines as capable of playing a role in economic
advance, because of the labour they saved. His views therefore
matched those of Adam Smith, whose perception of the importance
of the philosopher has been discussed in +the introduction to

this thesis. Babbage differed from Smith, however, in that he

12British Library Add. Ms. 37186 f.132.
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was actually engaged in the pursuit of scientific truth and had
a conscious idea of his own value to the State, which he wished
to emphasise to those in authority.

This notion of the value of the philosopher to the State as
an encapsulation of Babbage’s ideology , was to some extent
further shown in his attitude to the wuse of philosophical
instruments in scientific investigations. He was part of a
successful British Association delegation (Murchison was also
involved) which met Thomas Spring-Rice (Chancellor of the
Exchequer) and Charles Edward Poulett Thomson (President of the
Board of Trade) about the remission of duty on the importation of
foreign philosophical instruments. Babbage’s motives were fairly
clear - if there were foreign philosophical instruments which
were not similar to any made in England, or which were of
superior quality to those made in this country, then it was
desirable that there should be as little restriction as possible
placed on the acquisition of such instruments by an English
rhilosopher. A philosopher might then wuse these instruments
to advance his knowledge which ideally it would then be possible
to apply for the benefit and wealth of the nation. However it
should also be noted that a balance had to be struck, as
an unlimited importation of foreign instruments would be
detrimental to the instrument making trade in this country, even
if principles elucidated wusing foreign instruments were
beneficial to the economy. The representative of the Custonms

wrote to Spring-Rice citing some of the difficulties that had
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to be faced, a letter which he passed on to Babbage.l13 The only
instruments found in the Table of Duties as it gstood were
telescopes (at 30% duty), and chronometers (at 25%, the same as
watches). All other instruments were charged simply according to
the duty on the material of which they were made. Thus sextants
made of brass were charged with a duty of 30%, +the same as any
article made of brass. The representative of the Customs wrote:
With respect however to the expediency of
remitting the duty on Philosophical Instruments I
would beg to observe that the words... embrace a
variety of manufactures and I should entertain
some doubt as to whether the unlimited repeal of
duty on such articles would be advisable... It
would therefore be desirable to have some
specification of the articles more particularly

alluded to by Mr.Babbage.l4
Thus, if Babbage were to name a type of philosophical
instrument which was 1likely to prove useful to the British
Association (and thus to science in Britain), then provided its
duty-free importation was not detrimental to the instrument
making trade in Britain, the remission of duty on it would follow
as a matter of course. As far as the makers of the instruments
were concerned, it was desirable that they should be British, but
if a superior product was to be found in France then there should
be no hesitation in using it, as its employment could 1lead to
advances in scientific knowledge, manufacturing technology, and

so wealth.

Babbage's concerns with instruments and their makers, and

13R,B.Dean to T.Spring-Rice, 17 April 1837, British Library Add.
Ms. 37190 f.108.

14 Thid.
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larger scale projects which we might better describe as
engineering, were many and varied, from the difference engine as
a major engineering project to the 2zenith micrometer as a
precision instrument. He was capable of building some
contrivances himself but in general would employ a maker
instead!5 (another manifestation of his belief in economy and the
division of labour), and would always have the greatest regard
for the skill which the instrument maker or the engineer
exhibited in his work.

However, despite this high regard for the 1level of
workmanship displayed by his engineers and instrument makers, he
did not include them in the same social grouping as men of
science, as will be shown in the remainder of this chapter. The
philosopher could become acquainted with the higher branches of
abstract, mathematical science on which the artisan’s work
depended, and so had a higher status than the artisan. Babbage
thus saw himself as part of a scientific elite, being versed
in mathematical science; this was an elite which he felt ought
to be honoured by government, in order that young philosophers
might gain an added stimulus to be part of it. However skilled
they were, it was not a group to which artisans could belong.
Having discussed in the previous chapter how Charles Wheatstone
rose to membership of this elite, and how his responses to
artisans were conditioned by his perceived status, I would 1like

in this chapter to consider Babbage’s relationship with those

15See for example Passages, p.113 for his attitude towards the
employment of makers on the analytical engine project.
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outside what he saw as the philosophical community, bearing in
mind that, unlike Wheatstone in his early career, he would have

considered himself a member of an elite group from his Cambridge

days onwards.

1. The Origins of the Difference Engine.

The greater part of Babbage’s life was spent in a more or
less active attempt to construct a working calculating engine -
firstly the difference engine and secondly the analytical engine.
He started work on the first difference engine in 1820, in as
much as that was the year in which he commenced his
construction of the first small model of such an engine,!® and up
to his death in 1871 he was still having new ideas concerning the
construction of an analytical engine.

There is a disagreement as to when Babbage first thought
of the idea of a calculating machine which could calculate and
print tables. In his autobiography he gives the date as 1812 or
1813, when he was sitting in the rooms of the Analytical Society
in Cambridge, and another member caught him half asleep over a
table of logarithms on which he had been working. Upon the friend
asking Babbage what he was dreaming about, Babbage replied "I am
thinking that all these Tables might be calculated by
machinery".17 It is worth pointing out that Babbage did not
remember this comment (if indeed it occurred), but that the

friend, Thomas Romney Robinson, reminded him of it. In the

16 Ibid., p.47; see also Hyman, op.cit. (note 10), pp.47-61.
17 passages, p.42.
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autobiography he goes on to say that in 1819 he was occupied with

devising means for the accurate division of astronomical

instruments, and also was speculating about making machinery to

compute mathematical tables. On telling Dr.Wollaston of the
former plan, he was informed that he was using an o0ld method
described by the Duc de Chaulnes. However the idea of wusing
machinery to calculate tables seemed a more promising one.l8
Passages from the Life of a Philosopher was published some
50 years after the supposed incident in the rooms of the
Analytical Society, and a more plausible account of Babbage’s

first thoughts on the idea of a difference engine may be an

earlier account 1in which he stated that, along with John

Herschel, he had been preparing certain tables for the

Astronomical Society with the aid of {(human) computers. On

meeting to compare the results, Babbage and Herschel found many

disagreements in the tables, and Babbage expressed to Herschel

the wish "that we could calculate by steam".19 Herschel said that
this was quite possible. The date suggested is 1820 or 1821;

the earlier of these is supported by the statement elsewhere

that Babbage had started constructing the first model of the

difference engine in the middle of 1820.2°0

There are many technical accounts of the difference engine,

both contemporary and modern, and it is not my ©purpose to

18 rbid.

19C,Babbage, History of the Invention of the Calculating
Engines, 10, Buxton Papers, History of Science Museumn,
Oxford.

20 passages, P.47.
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describe the mathematical principles on which it is based.?! The
essential point is that it is a machine whose object 1is to
calculate and print tables and which, once started in operation,
requires no further human intervention. Thus ©possibilities of
human error do not arise. The idea of using a machine to
calculate tables was fully in accord with Babbage’s views on
economy - it produced both economy of human effort (humans did
not have to do the work), and of time (humans did not have to
check the results, and the results were produced more quickly
than humans could produce them, except 1in the simplest
cases). We <can also see that the difference engine was an
application of the principles of abstract, mathematical science
(the method of finite differences) to an object which would be
of benefit to the nation, and this was consistent with the very
views he expressed in On the Economy. The difference engine
can therefore be seen not merely as an encapsulation of Babbage’s
views on economy, but also of his views on the importance
of science to society, a theme which will be implicit throughout
my discussion.

Work started on a small model of the difference engine 1in
1820.22 Having made various drawings, Babbage himself began to
make models of some parts of the machine, but when he ran into

difficulties he was quick to employ workmen to help him in

21gee for example D.Lardner, "Babbage’s Calculating Engine",
Edinburgh Review, 1834 (59), pPp.263-327; J.M.Dubbey, The
Mathematical Work of Charles Babbage, (Cambridge, 1978),
pp.181ff.; also Passages, ©pp.41-67.

22 pgssages, ©p.47.
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constructing the parts he needed, as otherwise his invention
might have been anticipated by somebody else.?3 Manual
skill was something which he shared with the subjects of all my
individual case studies (Wheatstone, Airy, and Faraday), but he
appreciated the need to devote his time to the theoretical side
of the work, so did not make use of his skill extensively. He was
not without his difficulties concerning these workmen. One
problem which he faced was to cut teeth of a particular

form on

the wheels on which numbers were to be expressed. Babbage’s own
lathe was not fit for the job, so he took the wheels to a wheel-
cutter in Lambeth, who was left with Babbage’s drawing as his
guide. On receiving the wheels again, Babbage was disappointed to
find that although the wheel-cutter had cut the shape of the
teeth "perfectly", they did not work, and he began to entertain
doubts as to his own reasoning. The problem was soon solved - the
artisan had misunderstood the philosopher’s instructions and had
cut wheels with the number of teeth which his tools permitted, a
number which was not the same as that which the machine required.
He was able to arrange for his tools to cut the precise number of
teeth required, and according to Babbage, the machine then worked
perfectly.24

Having received the various parts of the model back from
workmen, Babbage tried to put them together with his own hands,

and although he failed in his construction of the first framework

23M,Moseley, Irascible Genius: Charles Babbage, Inventor,
(London, 1964), p.66.

24 passages, ppr.43-4,
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which was made of iron and not stiff enough, eventually a model
of six figures worked and could print a few simple +tables. This
was as much as Babbage, with his own means as the source of

payment for the artisan, could accomplish.25 However he

recognised that a larger difference engine was a desirable

acquisition for the nation and so set out to gain the

Government’s financial support for its construction. His dealings
with the Government over a twenty year period from 1822, when the
Royal Society approved the project, Babbage met the Chancellor of

the Exchequer, and the Government granted £1500 for a scheme

that was expected to take about three years, to its eventual

abandonment at the behest of Prime Minister Peel in 1842 after

many years of pestering by Babbage for a decision on funding one

way or the other, are well known.?2¢® I would 1like instead to

concentrate on Babbage’s relationships with the artisans who

attempted to carry out the project for him, as this will shed

light on his attitudes to artisans which, as we have seen in

On the Econonmy, were generally favourable. Although the
discussion in the next two sections will deal only with those
artisans who performed the work on the <calculating engines, the
intention is to use this to build up a picture of Babbage’s
perception of his position in society, as a philosopher, and of

the consequences this had for the status of the instrument maker.

25Moseley, op.cit. (note 23), pp.65-6.
26 See Hyman, op.cit. (note 10), or Moseley, op.cit. (note 23),
for an extended account of these dealings. Also see Passages,

pp.68-96, which is a statement drawn up by Sir Harris Nicolas
from papers and documents in Babbage's possession.
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2. The Philosopher and the Artisan: Joseph Clement and the

Difference Engine.

Babbage’s house in Devonshire Street, London, contained one
room which had served previously as a workshop, and continued
to do so. Another room was converted into a second workshop, and
a third into a forge.?27 The engineer whom Babbage employed to
construct the machine, on Marc Isambard Brunel’s recommendation,
was Joseph Clement.

Born in 1779, Clement had received very little education,
learning only basic reading and writing at the village school of
Great Ashby, Westmoreland. The rest of his education was a result
of his own efforts as he grew older.28 His father decided that he
should become a thatcher, and later a slater, and Clement did
work as a slater for five years, between the ages of 18 and 23.
During this time it seems he became acquainted with the village
blacksmith, and learned to work at the forge, being able to
handle tools and, within a short time, even to shoe horses.?9
Clement also had a cousin, Farer, who was a clock and watchmaker,
and he lent Clement some mechanics books which encouraged him
to pursue the career of mechanic instead of that of slater.
However, he continued slating until he had sufficient skill in
mechanics.3? Along with the blacksmith, he made a turning lathe,

with which he proceeded to make musical instruments such as

27Hyman, op.cit. (note 10), p.53.

28s5,Smiles, Industrial Biography. Iron Workers and Tool Makers,
(London, 1863), p.237.

29 Ibid.
30 rbid.
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flutes and clarinets, instruments which apparently he could also
play.31?

These instruments represent an increased level of ©precision
in his work, over the more tolerant occupation of slating. He
progressed further, with the aid of the descriptions in the books
which he had borrowed from the watchmaker, to make a microscope,
and proceeded to make a reflecting telescope as well.32 By 1804
he had also begun to be interested in screw making, a trade in
which he later acquired some fame for his precision.33 Clement
moved from Great Ashby to Kirkby Stephen, and thence to Carlisle.
At Carlisle he was employed by Forster and Sons for two years,
and then moved to Glasgow to work as a turner, expanding his
technical knowledge by taking drawing lessons there from
Peter Nicholson.34 After about a year in Glasgow, he moved to
Aberdeen, where he worked at designing, making, and fitting power
looms. Importantly, however, he continued to devote himself to
the study of practical mechanics, and was able to make some
improvements 1in the tools with which he worked. It is also
interesting to note that Clement attended a Natural Philosophy

course given by Professor Copland at Marischal College, Aberdeen,

31 Tbid., p.238.

32 1bid.

33C.R.Weld, A History of the Royal Society, (2 volumes, London,
1848), Volume 2, p.374n.

34Smiles, op.cit. (note 28), p.239.
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in the 1812-13 session.35 From Aberdeen he moved to London where
he was employed by Alexander Galloway, mainly because he could
draw. As he was poorly paid by Galloway, he went to work for
Bramah of Pimlico, and then became chief draftsman at Maudslay
and Field’s, where he worked on the early marine engines.38
After a short period in this sort of employment, Clement began to
entertain hopes of setting up on his own account as a mechanical
engineer. This he did in 1817. Many of the drawings in the

Transactions of the Society of Arts from this date are from the

hand of Clement. He was also active in the invention of
mechanical contrivances, such as an instrument which could draw
ellipses of all proportions on paper or copper, for which he was

awarded the gold medal of the Society of Arts in 1818.37
Clearly then Clement had an impressive pedigree by the time

he came to work for Charles Babbage on his difference engine in

1823; as an artisan he was skilled not only in what we would
refer to as engineering, and drawing, but also in precision
instrument making, as shown by his microscope and reflecting
telescope. However, although in the writings of Victorian

biographers such as Smiles there was always an emphasis on the
achievement of the individual who had risen from humble

beginnings (and therefore such works should not be taken as

35 1bid., p.240, Copland’s extensive use of scientific
instruments to illustrate these lectures is discussed in
J.S.Reid, "Eighteenth-Century Scottish University Instruments.
The Remarkable Professor Copland", Bulletin of the Scientific
Instrument Society, 1990 (24), pp.2-8.

36Smiles, op.cit. (note 28), p.243.
37 rbid., p.244.
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fact), Clement was still seen as no more than an artisan;

as Smiles stated:

He was not educated in a literary sense, for he
read but little, and could write with difficulty.
He was eminently a mechanic, and had achieved his
exquisite skill by observation, experience, and
reflection. His head was a complete repertory of
inventions, on which he was constantly drawing for
the improvement of mechanical practice.38
In 1823 Babbage had very little knowledge of engineering,
tool-making, or metal-working, and had only the experience which
he had gained in his earlier efforts in constructing the first
small models of the difference engine. On examining the
contemporary workshops, he concluded that many of the tools which
would be required to make the precision parts necessary for the
difference engine simply did not exist, and he would have to
invent them.3? Clement’s workshop, at 21 Prospect Place,
Southwark, had only one good lathe when he was first employed by
Babbage, but it soon became the leading centre for the
development of precision machine tools. Workmen of the highest
skill were employed in making these tools and in putting
them to use in constructing the various parts of the difference
engine .49
Initially Babbage’s idea had been to use the £1500 from the

Government, which he believed they would add to as the work

progressed, to complete the engine in two or three years.%!

38 Ibid., p.2517.

39C.Babbage, The Exposition of 1851, or Views of the Industry,
the Science, and the Government of England, (London, 1851),
P.175. Hereafter The Exposition of 1851.

40Hyman, op.cit. (note 10), p.53.
41l pagsages, p.70.
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However, as the work continued he found that he was constantly

having new ideas, and having to scrap all the work which had
been done, in order to incorporate these modifications. This
used up both money and time, and no further Government grants

were forthcoming. Babbage paid the bills out of his own pocket,
and though he pressed the Government, no minute of his
conversation with the Chancellor of 1823 had been taken,%2 and so
the Government had no obligation to advance any more funds. Work
proceeded actively on the difference engine for more than the
expected two or three years, and by the time Babbage went on his
continental tour of 1827 and 1828 he was already suspecting
Clement of using the income which he derived from the difference
engine project for construction of lathes for other purposes.%3
It is important to note, therefore, that the difference engine
project did not represent the exclusive activity of Clement’s
workshop, although some correspondence may give the impression
that it did. It has been suggested that between one-fifth and
one-third of the effort of the workshop was concentrated on
Babbage's difference engine.%%

On returning from the continent in 1828, Babbage applied to
the Government for funds again, and with Royal Society approval
being gained, a further grant of £1500 was made to enable the

machine to be completed.45 £17000 was eventually to be spent on

42 1bid., p.71.

43Hdyman, op.cit. (note 10), p.123.
44Morrison, op.cit. (note 3), p.xxv.
45 Treasury Minute of 28 April 1829.
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the machine, 4§ Babbage was satisfied with the new
arrangements, though he was not satisfied with Clement, who had
been delivering his accounts with so little detail that it was
impossible for Babbage to judge the accuracy of the charges.
Clement had built a set of tools for making the parts of the
engine and had trained his workmen to use them, and for several
years he had been receiving £30 a month from Babbage, in addition
to his other expenses., As all the tools were built to new levels
of precision, the process was both slow and expensive, and
Babbage put down the slow progress to Clement’s apparently
extortionate charges.47

In April 1829 it was decided that Clement’s bills should
be examined by Government-appointed engineers prior to being paid
by the Government. 1In practice the bills were not actually paid
by the Government during this period; in the short term Babbage
had to pay Clement from his own means in order to keep him happy,
and would later regain the money from the Government. The
Treasury were not efficient enough in their payments to satisfy
Clement, though it is worth pointing out that Babbage was repaid
all the money which he had paid to Clement once the necessary
bureaucracy had been dealt with. Two of the engineers who
examined the bills were John Rennie and Bryan Donkin.48 In a bill
which Babbage sent to Donkin to be examined in April 1829 he

lamented the fact that an item was charged at £77, despite having

46 The Exposition of 1851, p.1177.
1TMoseley, op.cit. (note 23), p.113.

48 Babbage to G.Rennie, 11 April 1829,

British Library Add. Ms.
37184 f.252,
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been previously agreed on by Babbage and Clement at £50.%4°9?
Clement assured Babbage that £77 was the cost price to himself.
Donkin replied to Babbage’s letter with the information that the
item in question, a drawing board, had in fact cost Clement £50,
and that it could be considered Babbage’s property at that sum,
or Clement would keep it.5% Babbage hoped that treating the
engine as his own private property, as far as Clement was
concerned, would keep the charges lower (Clement was likely to
overcharge if he knew the Government were paying), but the above
incident shows that Clement was not averse to inflating his
charges nonetheless. Even so, in the same letter as Babbage was
criticising Clement’s charges, he was full of praise for his

work:

I believe you are perfectly aware of my feelings
for Mr.Clement, he is a most excellent workman and
draftsman and ought to be well paid.5!

Clement’s reply to Babbage’s charge of the lack of detail in
his accounts was that the previous bill of which Babbage was
critical was only meant as a statement of what was due and
that he would in time furnish him with a full bill.52

Clement’s bill of 29 May 1829, however, contained little more

49Babbage to B.Donkin, 11 April 1829, British Library Add. Ms.
37184 f£.253.

50Donkin to Babbage, 22 April 1829, British Library Add. Ms.
37184 £f.266.

51Babbage to Donkin, 11 April 1829, British Library Add. Ms.
37184 f.253.

52Donkin to Babbage, 22 April 1829, British Library Add. Ms.
37184 f.266.
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than the amount due - the work carried out from 1 January to 9
May 1829 was charged at £730.12.0 for "Labour, Materials,
Drawings etc." and the balance due to Clement was £2051.19.6.53
Babbage did not settle this account promptly, so that Clement

wrote on 18 November 1829:

It is now upwards of six months since you informed

me that you should be prepared to settle my

account in about ten days, or fortnight. Since

that time I have scarce had the pleasure of

seeing you. You now impose on me the unpleasant

task of demanding the money of you. I therefore

request that you will not exceed ten days (from

the above date) in settling my account with you.54%

Clearly there was a certain degree of misunderstanding
between the two men, which was compounded by their lack of
personal contact. According to Babbage, on receiving the above
bill, he submitted it to Rennie and Donkin prior to payment.
They said it was not properly made out and asked Clement to give
it in detail, a proposition which he agreed to, but did not carry
out. After Clement’s letter of 18 November 1829 Babbage saw him
in person and "he then declined making such bill because it is
not the custom of engineers to do so".5% Personal relations

between the two men went from bad to worse, Babbage telling

Clement that he thought it best that all correspondence between

53J.Clement to Babbage, 29 April 1829, British Library Add. Ms.
37184 f.291.

54Clement to Babbage, 18 November 1829, British Library Add. Ms.
37184 f.419.

55 Ibid.
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them should pass through the medium of Rennie and Donkin.3® Yet
on the very same day, in a rather pessimistic letter in which
Babbage feared having to give the machine up altogether after
some discussion with the Government, he was able to say:
Mr.Clement has worked well and notwithstanding the
fact that T am now dissatisfied with some part of
his conduct he ought to be paid liberally.57
Work, however, continued on the engine and a suitable place
was soon required in which to erect it. There was no suitable
building at Clement’s premises in Southwark, and with Babbage now
having to see more of Clement in person, it became awkward for
him having to travel the four miles between their respective
residences, and work for long periods at a time to make such
journeys worthwhile. This was preferable to making several trips
in the day but a much better solution from Babbage’s point of
view was to erect the engine where it was being made. Therefore
he proposed the transfer of tools, drawings, and completed parts
to a site in East Street, near his home in Dorset Street, where a
fire-proof building was to be erected (it is interesting to note
that Rennie and Donkin found out that Clement insured neither his
house nor its contents, and wisely suggested that Babbage took
steps to insure the Government’s property in Clement’s

workshop).58 While the arrangements for erecting the fire-proof

56 Babbage to Clement, 18 December 1829, British Library Add. Ms.
37184 f.463.

57Babbage to Rennie, 18 December 1829, British Library Add. Ms.
37184 f.464,

58Donkin to Babbage, 22 April 1829, British Library Add. Ms.
37184 f.266.
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building were being made, work continued at Southwark. Clement,
being "not a man of large capital",5® had to be advanced money by
Babbage to prevent him discharging his men who obviously had to
be paid. In July 1831 Babbage complained to the Treasury that he
was 1in advance £1000, a totally unacceptable state of affairs
which the Treasury ought to remedy®?; their last grant (of £600)
had been made on 31 December 1830, and they made the further
grant of £1000, what Babbage had effectively asked for, on 14
July 1831.61 Besides the Government grants totalling £7600 with
the inclusion of this latest offering, £36 had been made from the
sale of old tools, which may show that Clement found uses for the
majority of the old tools in his workshop, as £36 can scarcely

represent much of the total value of the tools of which the

Government had financed the manufacture.62

Babbage gave an interesting account of the arrangements, on
Clement’s part, for keeping a record of +the sums expended:

. .during about three or four years many men were
employed but subsequently only a few occasionally.
Books were kept in each room for which to enter
the sums paid both for labor and materials. In
attending to the construction of the engine many
escaped being entered and it appears in some
instances that entries have been made without any
sums against them. Other books...for each workman

59Babbage to Treasury, 5 July 1831, British Library Add. Ms.
37186 f.5.

60 rpid.
6§l1Treasury to Babbage, 13 July 1831, British Library Add. Ms.
37186 f.14.

62British Library Add. Ms. 37186 f.25.
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in which the time he worked was noted each day
and his payment at the end of the week. These
books have not all been preserved.63

So it appears that the method of bookkeeping may have been
in a great measure responsible for the lack of detail in the
bills, even if Clement did think that it was not the job of an
engineer to make a detailed bill. Whatever Babbage’s opinion of
Clement’s bookkeeping abilities at this time, he continued to be
full of praise for the standard of work displayed by the artisan.
Referring to the difference engine, Babbage stated:

...to preserve the life of Mr.Clement is the first
necessity towards its completion. It would be
extremely difficult if not impossible to find any
other person of equal talent both as a draftsman
and as a mechanician....®%

Babbage wrote to Clement on 18 May 1832, in compliance with
instructions from the Treasury, asking what arrangements Clement
considered necessary for the removal of the tools, drawings, and
completed parts of the engine to the new premises in East Street.
He also asked for an estimate of the probable expense of the
removal.653 Clement enclosed two memoranda relative +to the

arrangements needed for the removal, on 6 July 1832.86¢ His

demands were considerable, Clement demanded that prior to

63Explanation of the accounts relative to the calculating
engine, British Library Add. Ms. 37186 f.18.

64Babbage’s Report on his Calculating Machine, 1830, British
Library Add. Ms. 37185 f.264.

65Babbage to Clement, 18 May 1832, British Library Add. Ms.
37186 £.400.

66Clement to Babbage, 6 July 1832, British Library Add. Ms.
37187 f.4.
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removing his tools etc. to East Street he wished to have a lease
of the premises for some certain time, say 2, 3, or 4 years
", .before the expiration of which I shall not be required to quit
the said premises". He also asked to be allowed to carry on any
other business of his in East Street to which the tools there
might usefully be adapted. Besides financial claims for removing
all the tools, and the expense of moving back to Southwark at the
end of the work (an expense for which he wished to be paid at the
outset), Clement also demanded £660 per annum as compensation for
having to run a divided business. His other demands concerned
alterations to be made to the house in East Street for the
convenience of him and his family. For example the attic should
be divided into two rooms, there should be bells to the kitchen
in each room, the walls should be papered, and there should be a
bell and a knocker on the inner house door.

Not surprisingly the Lords of the Treasury found such
demands rather unreasonable, especially considering that a very
large amount of profit had been derived b