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1

Introduction
Rebekah Higgitt and Richard Dunn

The story of eighteenth-century navigation has usually been told as a
British one, focused on the successful search for a means of establishing
longitude at sea. The desire for heroic stories about individuals — their
discoveries, inventions and triumphs - has often reduced this history to
that of one man, John Harrison, a clockmaker whose work inspired the
development of the marine chronometer. The essays in this collection chal-
lenge such assumptions, which have proliferated in academic and popular
literature.! They insist on plurality, in the places, people, problems, solu-
tions and circumstances that furthered the development of eighteenth-
and early nineteenth-century maritime practice. They expand the story
in terms of geography and time. This collection has two overriding aims:
to present work on and the historiography of non-British experiences in
the development of new navigational techniques and instruments; and to
examine their use in practice, demonstrating that the available methods
were complementary rather than exclusive, and that when and how they
were used was contingent on local, national and other circumstances. The
chapters also reveal the slow process of technological development and
adoption, the varying roles of states and institutions and the international
and local characteristics of this process.

The contributions to this volume to an extent take the well-known
longitude story for granted, so we present a basic outline here.? As
nations developed ambitions for maritime exploration, expansion and
trade, navigation generally and longitude in particular became topics for
discussion and development, at sea and in more idealized, land-based
contexts. Although by no means the only area of interest, determining
longitude was identified as a matter over which there was considerable
doubt and in which mathematicians, astronomers and instrument-
makers might make significant improvements. Longitude and latitude
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were typically established using dead reckoning — estimating the ship’s
position relative to the last known location by tracking speed and
heading, taking into account winds, currents and other conditions.
Observations of the altitude of the Sun or pole star could also be used
to determine latitude with reasonable accuracy. Longitude lacked these
reference points, although it had been known since ancient times that
the difference in longitude between two locations is equivalent to their
time difference. Observing the Sun or stars could establish local time
whether on land or sea. The question was how to find the local time of
a distant location with which to compare it.

The view that the development of new instruments and practices
could solve the problem was evident in published works on astronomy
and navigation and in the initiation of rewards and prizes by states with
maritime ambitions. Spain offered royal rewards from 1567, the Dutch
States from 1600, the British government from 1714 and the French
Académie des sciences from 1720. The British example is the best known;
Parliament in 1714 passed the Longitude Act, which appointed commis-
sioners to judge submitted and trialled methods. The Act provided
rewards of up to £20,000 if longitude could be found or kept to within
half a degree. There were lower rewards for less precise methods and for
ones that were usable within 80 miles of the coast. The Act also offered
incentives to bring promising ideas to trial.

By 1714, there was a well-established set of methods, which, as Isaac
Newton put it to Parliament, were ‘true in theory but difficult to execute’.?
They included the production of a timekeeper that, despite motion
and changing conditions on board ship, could keep the reference time
(local time at a known location) with sufficient accuracy that it could be
compared with local time on board ship to establish difference in longi-
tude. This was an obvious desideratum, but it presented technical chal-
lenges, which individuals such as Christiaan Huygens, Robert Hooke and
Henry Sully explored. Other methods, based on astronomy, determined
reference time from the motions of celestial bodies, comparing their
predicted positions at the reference location with that observed at sea.
Interest in astronomical methods had led to the establishment of two
observatories with royal and government patronage: the Observatoire
de Paris (founded 1667) and the Royal Observatory, Greenwich (1675).

One astronomical method was to observe the regular eclipses of
Jupiter’s satellites. Galileo Galilei, who discovered them in 1610, imme-
diately sought to use them to establish longitude, developing a theory of
their motions and methods to facilitate their observation. Although he
had limited success, subsequent work turned his approach into a fruitful
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method for establishing longitude on land. From that date, there was
ongoing experimentation with devices that might facilitate the delicate
observation of Jupiter’s satellites at sea. The precision required meant
that observations of the much closer Moon seemed to offer greater
hope. One of the possibilities that astronomers explored was the lunar
distance method, which relied on measuring the Moon'’s position rela-
tive to the Sun or stars. The main challenge was the complexity of lunar
motion, which is affected by the gravitational pull of both the Earth and
the Sun. This problem ultimately defeated Newton, who had tried to
tackle it in his Principia Mathematica.

By the 1750s, however, many of the technical problems were begin-
ning to be overcome. The use of mirrors and lenses on observing instru-
ments led to the development of instruments — octants, sextants and
reflecting circles — that improved the accuracy of shipboard observa-
tions. Ongoing mathematical and theoretical work, much of it done on
the European Continent, and observational work, particularly in Britain,
came together in Tobias Mayer’s theory of lunar motion, which, though
imperfect, was potentially good enough for navigation. Meanwhile,
developments in horology, which had revolutionized the accuracy of
land-based astronomy in the seventeenth century, were beginning to
be applied to marine timekeepers.* John Harrison’s first sea clock (‘H1’)
had a promising trial in 1736, gaining the support of the Royal Society
of London and the first of a series of rewards from the Commissioners
of Longitude, which helped support Harrison’s eventual development of
his famous sea watch (‘H4’). In France, the Académie offered rewards for
mechanical timekeepers and received, in the 1750s, sealed descriptions
of such instruments by Pierre Le Roy and Ferdinand Berthoud.

While timekeeping and astronomy have been seen as the two key —
and rival — methods for finding longitude, it is clear from this book’s
chapters and recent research on the Board of Longitude that they were
neither the only methods, nor perceived as rivals, except, perhaps, by
individuals seeking rewards. In fact, it was understood that these two
methods worked best when used together. Timekeepers were, although
not as simple to use as it might be thought, quicker and easier than
astronomical methods and ideal for keeping track of time and longitude
between opportunities for checking their going, either on land or at
sea. Timekeepers are, however, subject to cumulative errors and can go
wrong in various ways. Only astronomy could find longitude, rather
than simply track it.

One should not ignore other navigational methods, either. There were
techniques already in use, including dead reckoning, depth sounding



4 Rebekah Higgitt and Richard Dunn

and visual markers such as patterns of currents, coastal features, birds,
fish and plants. New techniques did not replace these practices; they
were used in conjunction with them. There were also techniques that
have come to be dismissed, either at the time or in subsequent histo-
riography. These include the use of signals, despite the rocket scheme
put forward by William Whiston and Humphrey Ditton in 1714 having
been ridiculed. Another was navigation using the patterns of the Earth’s
magnetic field, usually variation (or declination), the angular differ-
ence between true and magnetic north. For this method to be widely
used, the patterns would have to be mapped, with readings of variation
plotted on a chart. The patterns were complex and changed over time,
however, ultimately making this method impractical. Nevertheless, the
method was used in particular sea areas, notably where lines of equal
variation were close together and ran nearly north-south.

There is, however, no straightforward line to be drawn between the
development of methods in observatories, studies and workshops and
their use at sea. Ideas had to sound plausible to interest officials and
potential patrons. Astronomical and other data had to come together
with effective hardware before either could be put to work. Prototype
instruments had to be developed into effective and affordable commod-
ities; governments and trading companies had to invest in infrastructure
and training. All methods had to be tried and tested, not just to gain
recognition, rewards and contracts but also — slowly — to become trusted
elements of maritime practice. A research project on the British Board of
Longitude undertaken by the University of Cambridge and the National
Maritime Museum (NMM) (funded by the Arts and Humanities Research
Council) has begun to tell the story. This volume reinforces and broadens
it, geographically and thematically.> In presenting more nuanced
accounts of the development and practice of navigation, therefore, this
book complements the new history of the Board of Longitude.¢

The chapters in this book evolved from papers given at workshops and
conferences associated with this research project and the NMM. In partic-
ular, ‘Oceanic Enterprise: Location, Longitude and Maritime Cultures
1770-1830’, held in January 2013 at the project’s partner organization,
The Huntington, in San Marino, California, situated the Board’s work
within broader contexts of European empire, trade and exploration. The
chapters by John Gascoigne, David Philip Miller and Simon Werrett are
based on papers delivered there. Another workshop and a major confer-
ence, both at the NMM, led to chapters by Guy Boistel, Karel Davids,
Michael Kershaw, Juan Pimentel and Martina Schiavon.” Jane Wess first
presented a version of her chapter at a conference on Joseph Banks at
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the NMM in 2011.2 Finally, a session at the 2013 International Congress
of Science, Technology and Medicine led to the chapters by Jacob Orrje
and Danielle Fauque.’

Although our core themes run throughout the book, it is divided into
four sections that reflect the organizing principles of their chapters. The
first section examines the question from particular national and impe-
rial contexts, correcting histories that largely ignore non-British contri-
butions and reflecting historical accounts often available only in other
languages. These chapters reveal why the nation is unsatisfactory as a
unit for exploring this history, both because people, ideas and instru-
ments flowed between states, and because empires brought together
spaces of widely divergent histories and practices. They emphasize how
the contexts in which new longitude techniques were introduced affected
their take-up and use. These contexts include states — their support for
new methods, as well as their relationships with, and self-perceptions
relative to, other nations. Particular sea routes that challenged national
and merchant navies constituted another important factor.

Pimentel focuses on the Iberian context, including the shifting refer-
ence points for longitude — prime meridians — that the Spanish Empire
employed, reflecting imperial ambitions in the Atlantic or claims to
scientific modernity by the Real Observatorio de Cadiz. He situates longi-
tude within a longer history of navigation and exploration, in which the
ability to measure latitude figures as a significant advance and the poli-
tics of maps and meridians influence practice. The chapter by Davids
tells the Dutch story, which also opens with consideration of meridians,
noting the official adoption in the 1820s of the Greenwich meridian.
This reflects both the extent to which British publications and charts
were in widespread use by then, and a turn within the Netherlands
after the Napoleonic Wars from French to British navigational tech-
nologies. Through an examination of the role of the Dutch Longitude
Committee, Davids explores the relationship between state-supported
provision, within a decentralized group of provinces, and maritime
practice. Decisions about the use of different techniques were pragmatic
and dependent on circumstances.

The two following chapters shift to France, which was more inti-
mately bound up with the British story than is usually acknowledged.
As Boistel shows, French contributions were fundamental to the math-
ematics and astronomy behind the development of the lunar distance
method for use at sea, which the Board of Longitude’s publication of the
Nautical Almanac from 1767 successfully supported. His chapter explores
the importance of particular individuals, who, if positioned within
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government or Académie, could promote or undermine particular lines
of enquiry. They were also participants within an international corre-
spondence network of astronomers and mathematicians. Schiavon takes
the story forward to the 1795 founding of the Bureau des longitudes,
exploring the histories that its recently digitized minutes reveal. She
considers the Bureau less as a response to British maritime dominance,
although this was used as a rhetorical strategy, than as a unique institu-
tion that brought together particular strands of scientific enquiry during
the Revolutionary period, just after the closing of the Académie, and
beyond. Building on the skills, techniques, instruments and objects of
study associated with maritime navigation, and renegotiating the rela-
tionship with the nation’s observatories and other institutions, Schiavon
shows that geodesy was to become a key focus within the strategically
placed institution.

The book’s second section further develops the discussion about inter-
national correspondence and influence, by investigating specific exam-
ples of transnational encounter, appropriation and cooperation. Spain
and the Netherlands had dominated maritime exploration and trade
until the eighteenth century, and promoting new longitude techniques
was a way to reassert their primacy. Elsewhere there was a felt need to
‘catch up’ to become part of modern Europe. In some cases, these efforts
led to more effective implementation of training than found in Britain
and France. Although these various nations established different tradi-
tions of training and support for navigation, their institutions and scien-
tific practitioners were in constant communication. Nations did not
seem to regard new approaches to navigation as state secrets or even,
beyond the interests of instrument makers, commercially sensitive.
Britain and France, close neighbours and rivals, pursued navigation and
metrology through cooperation underpinned by competition. Rivalry
could be expressed through imitation and collaboration.

In his case study, Orrje reveals some of the means by which informa-
tion circulated and how one individual might take on different identi-
ties to ease communication. He follows the Swedish astronomer Bengt
Ferrner’s visit to London in 1759-60, a crucial moment in the devel-
opment and support of the new longitude methods. Ferrner’s journal
provides fascinating insight into London’s central role in generating
interest and support for a range of methods, from the workshop in
which John Harrison was making his famous timekeepers to the marine
chair, designed by the otherwise little-known Christopher Irwin for
observing Jupiter’s satellites from a ship. We see London as an interna-
tional community and, again, the porous nature of national identity
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among overlapping communities of maritime, trade, political and scien-
tific interest. In different contexts, being a Swede or a man of science
might more easily facilitate information sharing. Werrett also notes
the significance of people travelling to Britain to learn about instru-
ments and practices. Russia had a long history of learning from Britain,
whether by importing experts or sending cadets for training. Yet Werrett
points out that the information flow was by no means one way: indi-
viduals based in Russia played important roles in developing or trialling
new ideas. Looking at the practice of navigation in Russian voyages of
exploration, we see that new and foreign by no means trumped tried
and tested. Again, the complementary nature of old and new methods,
and the pragmatics needed in practice, are revealed within ‘complex
relationships of trust in different instruments and personnel’ (p. 111).
Several chapters emphasize the links between observations on land
and at sea. Observatories were established to support the production of
predictive tables, known land locations were used to check and correct
longitudes established at sea, portable observatories were used to fix
longitudes on land during voyages, and the use and creation of accurate
charts crucially underpinned accurate navigation. We should also note
the similarities of practice and personnel that linked land-based and
maritime surveys. Kershaw’s chapter focuses on collaborative work by
British and French governments (including, in the 1820s, their boards
of longitude) to establish the difference in longitude between the two
most important centres of astronomical data for navigation and survey,
the Greenwich and Paris observatories. He reveals the networks of trust
that had to be established to carry out this work, between individuals,
instruments and techniques, and the careful and repeated comparisons
made between different, embodied standards of length. Imperial yards
were made to meet French toise, which were in turn used to establish the
metre. Fieldwork, in the form of triangulation, created a more accurate
knowledge of the difference of longitude than astronomy, though both
sets of data fed into the long-pursued question of the shape of the Earth.
The two chapters in the third section take us back to sea without
losing sight of the complementary nature of observations made on land
and at sea. They focus on the role of sea voyages in trialling instruments
and techniques, showing that when the position of land was known, it
could be used to assess the results given by a new instrument, while the
developing methods could be used to fix locations of less well-known
places. Possibilities and requirements of accuracy were always contin-
gent. From different perspectives, Fauque and Gascoigne look at French
sea voyages. Those that Fauque examines took place between 1767 and
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1772 for the trial of timekeepers by Le Roy and Berthoud, often along-
side other methods and ideas, usually submitted for Académie prizes. She
shows a process independent of developments in Britain, although she
is clear that both clockmakers were profoundly influenced by Harrison'’s
success with H4 and what they could learn of its mechanism. As well as
their personal ambitions, the chapter reveals the competing ambitions
of the Académie and Ministere de la Marine, and a range of motivations
behind the voyages. As well as testing, these included imperial diplo-
macy and a display of French scientific interests and capabilities.

Gascoigne turns to the Pacific as a high-profile and ambitious testing-
ground for navigational techniques. His focus is on elite, well-equipped
voyages, which, like Cook’s for Britain and the Russian voyages explored
by Werrett, had sufficient resources to put lunar distances and time-
keepers fully to work. These transnational similarities must, however,
be read alongside the peculiar national circumstances shaping their
purpose, organization and instrumentation. The voyages were test sites
as well as proving grounds for methods that could not yet be relied on,
yet were used to fill in blank spaces on maps. The establishment and
relocation of longitudes by those with the right knowledge, training and
equipment, was presented as a conversation between and among the
civilized. Gascoigne shows that, in these contexts too, different methods
of establishing longitude - at sea, on land, by astronomy, timekeeper
and dead reckoning — were deployed in complementary ways. Particular
circumstances might encourage trust in one method over another but,
even in the nineteenth century, the most valued of sea-based deter-
minations was astronomical, provided that conditions were good and
repeated observations could be averaged.

The final section maintains the focus on practice at sea but moves
away from voyages of scientific trial and exploration to more routine
voyages that lacked prestige, novel equipment and civilian or specialist
skill in astronomy and the use of instruments. Chapters by Wess and
Miller take us back to the British context with accounts of navigation in
the merchant and Royal navies that complicate older narratives. Wess,
exploring evidence from navigation textbooks and log books from the
Royal Navy and East India Company (EIC), challenges the idea of a
‘golden age’ for the lunar distance method before the era in which ships
might expect to carry and rely on a set of at least three chronometers. She
argues that although mathematics was presented as transformational to
eighteenth-century navigation, both by those promoting its utility at the
time and those writing histories of navigation in the twentieth century, it
was actually a check on the adoption of the lunar distance method. The
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‘ugly’ and unintuitive mathematics needed to produce longitude deter-
minations was, it seems, a bar to quick and general adoption beyond elite
voyages of exploration. Its use would, it seems, wait until the nineteenth
century, once chronometers became more widely available.

Miller, looking at the routine long-distance voyages of EIC ships,
brings the story into the nineteenth century. Here, too, we see the full
suite of methods in regular use: the message is of plurality and comple-
mentarity. So too in the relationship between observations at sea and
on land, particularly with the development of EIC-sponsored observ-
atories that could supply time for rating chronometers, creating an
international support network. Dead reckoning long persisted, along-
side increasing trust in the reliability of chronometers, although Miller
reveals the extent to which their use was far from simply reading off the
longitude from their dials. Chronometers began to be used to survey
coastlines, although good practice insisted on the use of astronomical
determinations too. Miller explores EIC attempts to ensure that officers
were trained in the new methods, and the networks of teachers that
supported this through certification, as well as pre-printed log books
and instructions. Although these two chapters push adoption of these
methods further into the nineteenth century, the EIC still appears to
have been more consistent and earlier in its take-up than the Royal Navy.
Key, however, is the evidence that approaches to navigation depended
on route and location. Experience and local conditions led to decisions
about what techniques would be most reliable and useful at different
times, with particular moments in the voyage being ones when, perhaps
after relying on dead reckoning, it was judged necessary to ‘“get serious”
about longitude again’ (p. 238), with a flurry of observations.

As Miller writes, ‘Neither technological determinism identifying an
instrument as the solution, nor singular method determinism, captures
how longitude was established in practice’ (p. 224). The chapters in this
book demonstrate this, revealing the flaws in the simplified accounts
that claim that the invention of the marine chronometer in the mid-
eighteenth century solved the ‘longitude problem’. They also show that
accounts that present the story solely as a British one tell only part of
the story, ignoring not only the contributions of Frenchmen, Swiss and
Hanoverians to horology and astronomy, but also the wider contexts in
which navigation was practised, tried, taught, borrowed and improved.
London and Paris undoubtedly remained centrally important locations
for supporting innovation and selling instruments, and for texts and
training. However, both cities were porous, with manifold influences
feeding into them and carried well beyond.
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A Southern Meridian: Astronomical
Undertakings in the Eighteenth-
Century Spanish Empire

Juan Pimentel

In a treatise on geographical history published in 1752, Father Murillo, a
Spanish Jesuit, reviewed the different places used as references for calcu-
lating longitude; in other words, where the ‘prime meridian’ had been
situated throughout history:

Pytheas of Marseille began from Thule or Iceland; Eratosthenes,
followed by the Arabs, from the Pillars of Hercules or the Strait of
Gibraltar; Hondius from the Hesperides or Cape Verde; Gerardus
Mercator from between the islands of Corvo and Flores; Ptolemy from
the Canary Islands; Blaeu, who was followed by the Dutch, from the
island of Tenerife; Ricciolo from the island of La Palma. The French,
by order of Louis XIII, placed the Prime Meridian for the measure-
ment of longitude on the island of El Hierro [...] Now the English
have moved it again to London, and not to be outdone the French
have set it in Paris. And one day they will put the equinox and the
tropics in London or Paris.!

Obviously, Murillo’s ironic remarks about Britain and France are a commen-
tary on the social character of mathematical geography. Although the
Equator does not yet pass through Greenwich, what does pass through
there, as everyone knows, is the Prime Meridian. The agreement reached
at the Washington Conference of 1884 consolidated the pre-eminence
of British astronomy and cartography and the central role of the Royal
Observatory, Greenwich, over the previous century and a half.

If the establishment of meridians is a social convention, if every
map is a ‘controlled fiction’,? if geography as a whole is a ‘contested

13
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enterprise’,> what can be said about history? One can tell the story of
the quest for longitude from many viewpoints. It has been usual to
tell the story at a national or imperial level, or even a heroic one (the
subtitle of Sobel’s Longitude is eloquent: The True Story of a Lone Genius
Who Solved the Greatest Scientific Problem of His Time).* It is important,
however, to ask whether it is possible to escape this pattern and recount
the history of longitude from places other than Greenwich. As Dunn
and Higgitt have pointed out, ‘the quest for longitude was an interna-
tional story’.> As such, it is a story of collaboration and competition,
in which colonial rivalries, the traffic of objects and the interchange
of knowledge intersected. This chapter will examine Spanish contribu-
tions up to the attempts to create a reference point at Cadiz Observatory,
another attempted ‘imperial meridian’, a southern meridian to calculate
distances and to prepare a modern cartography of Spanish America and
the Pacific.®

Dividing and measuring the world

By the sixteenth century, it was already clear that the national scale
was of little use for mapping the past. Key Iberian figures include Pedro
Nunes (1502-77), a Portuguese mathematician of Jewish origins and
professor at the University of Salamanca, who discovered the loxodromic
curve. He also invented a device for measuring longitudes, which made
it possible to distinguish small fractions of angles, a forerunner of the
vernier.” Before him came Abraham Zacuto (1452-1510), another Jew
who also gave classes in Salamanca and whose influential Almanach
perpetuum was first published in 1496. A contemporary of Nunes, Alonso
de Santa Cruz (1505-67), wrote a Libro de longitudes (about 1567), one
of the first systematic studies of the subject. Later in the century, Juan
Lopez de Velasco (1530-98) organized a programme to observe eclipses
and lunar motions in the Iberian Peninsula; his programme would have
a descendant in the work of the fifth Astronomer Royal at Greenwich,
Nevil Maskelyne.

Santa Cruz and Lopez de Velasco were cosmographers in the Casa de
Contratacion, which organized geographical information and traffic in
the New World. Although the Iberian countries had many cosmogra-
phers, pilots and naturalists, what is more significant is their institu-
tions that produced and managed knowledge.® Without science, how
could they have studied the flora and fauna of the Indies? How would
they have been able to exploit the mines and extract resources? How
would this be possible if they had not reached America and rounded the
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Cape of Good Hope - the two most important events in the history of
humanity since the birth of Christ, as writers from the earliest chroni-
clers of the Indies to Adam Smith declared? Yet the ‘black legend’ that
has demonized the Spanish Empire has no doubt also passed on some of
its clichés to the traditional historiography of science, which for decades
has looked down on the Iberian countries.’

Patricia Seed, a professor not in Salamanca or Lisbon, but in Irvine,
California, and author of the Oxford Map Companion (2013), has repeat-
edly affirmed that the greatest conquest in maritime exploration was
the determination of latitude, not that of longitude.!° She is not alone:
Alison Sandman, historian of Iberian cosmography, has also problema-
tized the utility of determining longitude at sea for oceanic navigation.!!
The intention of this chapter, however, is not to discuss latitude or the
sixteenth century, nor to deliver an apology for Iberian science. I merely
wish to remind readers that the astronomical determination of posi-
tion is an old subject, quite extensive and completely social. If, since
the development of ancient Greek mathematical geography, it has been
recognized that knowledge of the Earth depends on celestial observa-
tions, we should also recognize the complement: that astronomy has
always been a terrestrial and mundane discipline.

Let us look at two questions relating to the most mundane subject
in the world: its ownership. Spain and Portugal had the felicitous idea
of dividing the world between them in the treaties of Tordesillas (1494)
and Zaragoza (1529), by which they drew a meridian and anti-meridian,
dividing the world into two hemispheres, with the agreements sanc-
tioned by papal bulls from Spanish-born Pope Alexander VI. There is a
story that the king of France, visibly angry, asked the Pope which clause
of Adam’s will referred to this division. This would perhaps not have
presented an insoluble problem, for according to the abbé de Vallemont,
a seventeenth-century French intellectual, the Spaniards said that Adam
had been the first king of Spain, and that in the Middle Ages they had set
the first meridian in Toledo because at the moment of creation God had
placed the Sun over Toledo.!? This most likely referred to the Toledo of
the three cultures (Jewish, Christian and Islamic) and the Tablas alfonsies,
which as early as the thirteenth century contained the movements of the
planets, Sun and Moon.!* Considering for a moment that image of the
Sun over Toledo on the day of creation, or of Adam as the first king of
Spain, one can see that the British are not the only people to have placed
themselves at the centre of the world (nor are the French the first to have
mocked the alleged superiority, centrality or priority of their neighbours
and rivals).
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In any event, the Portuguese and the Spanish continued their litigations
into the eighteenth century, sending experts and commissions to carry
out triangulations and measurements in the jungles of the Orinoco and
Amazon. Yet there was no way to agree the position of the meridian 370
leagues west of Cape Verde, the line stipulated by the Treaty of Tordesillas,
even in 1750 when the Treaty of Madrid, revised by the Treaty of San
Ildefonso in 1777, attempted to fix the boundaries between Spanish and
Portuguese territories in Brazil. Against this background of frontier rival-
ries, there were conflicts over the possession of the colony of Sacramento,
opposite Buenos Aires on the River Plate, and the Jesuit Reductions in
Paraguay, an episode depicted in the film The Mission (dir. by Roland
Joffé, 1986). These conflicts generated considerable scientific activity.!*
Expeditions to demarcate Spanish-Portuguese boundaries saw the devel-
opment of the geographical work of Francisco Requena, the botanical
explorations of Pehr Lofling (one of the principal disciples of Linnaeus),
the natural historical work of Félix de Azara and the first astronomical
observations of Juan de Langara, a mariner who, as will be seen, was to
play a leading part in an important chapter in the determination of longi-
tude at sea.

On the other side of the world it is also interesting to see what happened
in Australia, a continent divided in two before it was even discovered.
When New South Wales was founded in 1788, Arthur Phillip, the first
governor, took possession of a territory whose limits were Cape York to
the north, Van Diemen’s Land (Tasmania) to the south and a meridian
placed 17° from the Moluccas, just on the Zaragoza anti-meridian, to
the west. Although the French had disputed Adam’s will in the fifteenth
century, now, at the end of the eighteenth, the British were claiming
it for themselves.! Just as the Dutch had acquired a large part of the
colonial space dominated by the Portuguese, the British, in a sense,
were hoping to replace the Spaniards in theirs, including the Pacific, the
former ‘Spanish lake’.

Years before, a seminal experiment in the history of Spanish science
had taken place. In 1736, two young mariners, Jorge Juan and Antonio
de Ulloa, were included in the geodesic expedition to Quito, in the
Viceroyalty of Peru. The Académie des sciences in Paris was launching
a worldwide experiment. While Maupertuis was measuring a degree
of the meridian in Lapland, Godin, Jussieu and La Condamine were
doing so near the Equator. The aim was to resolve the controversy
over the shape of the Earth, one of the battles between Cartesians
and Newtonians: the former thought the Earth was prolate; the latter
declared that it must be oblate.
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Thanks to the works of Lafuente and Safier, we now know much about
the expedition to Peru; for example, the native sources for the cartography
and pharmacopeia that circulated as far as the Encyclopédie, and the diffi-
culties of carrying out spherical trigonometry in the Andes.'® The instru-
ments expanded and chromatic aberration made observations difficult.
They had to be repeated time and time again. There were wars of figures
and calculations, and conflict between participants on their return. In his
research into the relationships between culture, psychology and anthro-
pology in the context of maritime navigation, Hutchins echoed the
declaration of the Nobel prize-winner Herbert Simon: ‘Solving a problem
simply means representing it so as to make the solution transparent’.!’
In the mid-eighteenth century, measuring a degree of a meridian was a
problem whose solution was far from transparent.

The expedition may not have offered conclusive proof of the true
shape of the Earth, but it did have other consequences. Juan and Ulloa
returned to Spain as converts to the language of Newtonian mathe-
matics and astronomy, and tried to prompt scientific activity from the
state. This was in the mid-century, just as Father Murillo was joking
that the Equator and tropics would end up passing through London
or Paris. Murillo made another interesting comment: ‘We Spaniards do
not make systems, because we do not make maps, and we follow the
system of those maps that we have’.!® Juan and Ulloa understood the
need to make systems, that is, to create institutions, qualified personnel
and continuous practice. It was necessary to revive a scientific tradition
that had badly deteriorated.

In the middle of the eighteenth century, Spain lacked a modern map
of the Iberian Peninsula and her American dominions. The authorities
tried to obtain them by various means. First, they sent young men to be
educated in Paris. One of these was Tomas Lopez (1730-1802), who spent
eight years in the College Mazarin and the workshop of Bourguignon
d’Anville. On his return in 1760, he set to work preparing a map of Spain
whose story is significant. As an official geographer, Lopez worked for
decades on various source materials, attempting to reconcile inconsistent
information from parishes and town halls, old maps and books that used
different scales and methods. The astronomical coordinates were unreli-
able. Lopez was unable to complete the map in his lifetime: his sons had
to do so. The story sounds like something from Greek myth or a tale by
Borges, the result a fragmentary mosaic.'® To draw the map of a country
it was necessary to have a network of reliable correspondents, standard-
ized instruments and a consistent programme of observations. It needed
an institution and a sustained plan: in a word, a system. Indeed, in one
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of his theoretical texts, Lopez, noting the lack of international consensus
concerning the establishment of a prime meridian, declared:

It would be greatly advantageous for all, to agree on one unique prime
meridian and fixed point on the globe through which the prime
meridian should pass, but on this matter men of the most diverse
ambitions are in dispute, not even those of the same nation being in
agreement.?0

A similar fate befell the Mapa geogrdfico de America Meridional (1775)
produced by Juan de la Cruz Cano (1734-90), another of the students sent
to Paris. It was also an old-fashioned map, but it was to be of the whole of
South America. Yet the government rejected it, since it jeopardized Spanish
interests in its conflict with Portugal, and prohibited its publication.?!

It was in this environment that Jorge Juan and Ulloa argued for and
supported the creation of several scientific institutions. One of these
was the Real Observatorio de Cadiz, founded in 1753, together with
the Academia de Guardias Marinas. Jorge Juan gained the support of
Prime Minister Ensenada and appointed Louis Godin as director of the
Observatorio. He had astronomical instruments bought, mostly from
Britain: pendulums by Ellicott, an achromatic telescope by Dollond,
reflecting telescopes by James Short and Edward Nairne, a quadrant by
George Adams and above all a mural quadrant from John Bird, like the
one in Greenwich and similar to that used by Tobias Mayer in Gottingen.
The mural quadrant was a fundamental piece of equipment, a costly
instrument whose installation was as complicated as it was decisive for
future programmes of observations.??

Jorge Juan (1713-73) was director of the Academia and wrote several
books on naval construction and astronomical navigation. The first, his
Examen maritimo (1771), may be considered one of the greatest texts of its
time on fluid mechanics. The second, the Compendio de navegacion (1757),
later corrected and enlarged by other mariners and known as Las Lecciones
de navegacion, became the reference manual for several generations of
midshipmen.?® Published within a year of his death, his Estado de la
astronomia en Europa (1774) recounted progress over the previous 20 years
in the astronomical and chronometric determination of longitude.

Years before, he and his colleague Antonio de Ulloa had published the
Observaciones astronomicas y fisicas (1748), which detailed the operations
carried out in the Andes to determine the shape and size of the Earth
(Figure 2.1). At that time, Jorge Juan was living in London, where he was
performing a role that extended from industrial espionage in the Thames
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Figure 2.1 Frontispiece from Jorge Juan and Antonio de Ulloa, Observaciones
astronomicas (Madrid: Juan de Zuniga, 1748) © National Maritime Museum,
Greenwich

dockyards to academic and diplomatic work. While obtaining secret infor-
mation on British movements in the South Seas and trying to hire quali-
fied artisans and carpenters (like the Catholic, Richard Rooth), he was also
accepted as a Fellow of the Royal Society. During those years, he learned
first-hand of Short’s improvements in the construction of reflecting tele-
scopes and of Harrison’s advances with his third sea clock, ‘H3’.24

After his stay in London, and then as director of the Academia in
Cédiz, Jorge Juan undertook a systematic programme of observations
from the Observatorio and reformed the syllabus, introducing algebra
and geometry as indispensable parts of the mariner’s training. Following
a model that in certain aspects imitated the French (in being more
bureaucratic and centralized) and in others the British (like Greenwich,
the Real Observatorio was oriented towards nautical astronomy), Jorge
Juan set the foundations of a system, the requisite for drawing a map.?
In other words, he put Cadiz on the map.
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Charting the empire, or putting Cadiz on the map

Between 1765 and 1774, Cadiz began to be included among the ports of
call for French travellers who were practising with marine timekeepers
and lunar distances. In 1768, Jean-Dominique Cassini landed there,
in 1768-69 the comte de Fleurieu, and in 1771-72 La Flore, on which
Verdun de la Crenne, Alexandre-Guy Pingré and Jean-Charles de Borda
were bound for the Canary Islands to fix the position of the Pico del
Teide and verify conventional methods of navigation.2®
In addition, several sailors trained at the Cadiz academy began to take
part in astronomical experiments at an international level. In 1769, for
example, Vicente Doz and Salvador de Medina travelled with Chappe
d’Auteroche to Baja California to measure the transit of Venus.?” Joaquin
Velazquez de Leon, another astronomer from New Spain (in other
words, a criollo, or Spaniard born in America), collaborated with them.
As mentioned previously concerning the relationship between Iberian
monarchies in the Renaissance, the nation can be an inappropriate cate-
gory for analysing the history of science. The same is true here, bearing
in mind the contributions made from New Spain in colonial times.
Velazquez de Le6n, mentioned above, Ignacio Bartolache and Antonio
Le6n y Gama, also New Spaniards, should find a place in any summary
of Enlightenment astronomy, however brief. Leén y Gama combined his
observations of the skies with a passion for archaeological remains. In his
pioneering work on the Coatlicue and the Sun Stone, two colossal sculp-
tures exhumed from the main square of Mexico City in 1790, he sought to
dovetail pre-Columbian and European history by comparing the uses of
their respective observations of eclipses. This was a felicitous idea: natural
phenomena and science as the main thread of the histories of the Old and
New Worlds.?® This was, incidentally, at the time when Kant and Herder
were outlining their ideas for a cosmopolitan or universal history.
Regarding voyages directly related to the determination of longitude,
however, one should look at those Juan de Langara (1736-1806) under-
took to the Philippines between 1765 and 1773.%° After the capture of
Manila by the British in 1762, Spain decided to use the route around
the Cape of Good Hope, instead of crossing the Pacific from Acapulco
or Lima. The end of the Seven Years’ War in 1763 marked the moment
when the Pacific became part of the strategy of the European nations.
On the first of his voyages to Manila aboard the Buen Consejo (1765-67),
Langara had already acknowledged the problems of determining longi-
tude at sea, even in ports of reference such as Rio de Janeiro. In his view,
it was necessary ‘to have in the ports master [azimuth] compasses which
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should be compared with those that are taken to sea for such voyages’.3°
After rounding the Cape of Good Hope, the Buen Consejo reached Manila,
where, in collaboration with French astronomer Guillaume Le Gentil,
Langara calculated longitude from the immersions of Jupiter’s satellites.?!
He twice returned to the same destination aboard the frigate Venus, in
1769-70 and 1771-73. It was on the second voyage that the lunar distance
method was used for the first time on a Spanish ship, performed by Langara
and José de Mazarredo (1745-1812), another young seaman destined for a
brilliant future in the Spanish Navy. They had tried to obtain copies of the
Nautical Almanac in Gibraltar. Having failed, they performed their calcula-
tions based on their own observations, measuring the angular distances
between the Moon and the eye of Taurus (Aldebaran). This took place
in February 1772 near the archipelago of Trindade e Martim Vaz in the
South Atlantic. Days later, they acquired a Nautical Almanac in the Dutch
colony of Table Bay (Cape of Good Hope).3? Mazarredo would introduce
the lunar distance method to Spanish mariners. He published Jorge Juan's
Lecciones de navegacion, adding a 100-page chapter on the calculation of
longitude. Although it was only published in 1790, the book had been
circulating among students in manuscript since 1777.

Worse befell one of the most innovative reports produced in the Iberian
world, a work that would have been ground-breaking if it had been
published; yet it remained unpublished and unknown until recently.
The report outlined the lunar distance method and proposed a collective
programme for the preparation of tables of lunar movements at different
geographical locations.®® It was written in 1767, probably in Brazil, by
the Portuguese Jesuit José Monteiro da Rocha (1734-1819), mathemati-
cian, astronomer and right-hand man to the Marqués de Pombal in his
reforms of the University of Coimbra, where he founded the Observatério
Astronémico in 1772 and published astronomical almanacs from 1803.
The story of Monteiro da Rocha confirms some of the constant features
of Iberian science: the leading role of the Jesuits in mathematics and
astronomy before their expulsion by reformist governments that trans-
ferred institutional responsibility for these subjects to the military and, to
a lesser extent, the universities; the invisibility of many of their achieve-
ments because they were not published; and the need for the two Iberian
countries to produce their own almanacs and nautical tables, their own
methods, and to calculate distances and make measurements that placed
Coimbra or Cadiz at the centre of their operations.3*

Teaching reforms in the Spanish Navy culminated years later in the intro-
duction of a Higher Studies Course in Céadiz (1783). The four-year course
trained a generation of scientific officers well versed in algebra, spherical
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trigonometry, the calculation of longitude and nautical astronomy, who
were to play a leading role in the huge programme of hydrographic surveys
in America and the Pacific in the last 20 years of the century. This reformist
plan and the pedagogical renewal inspired by Jorge Juan in the middle of
the century thus bore its best fruit 30 years later. His intellectual heirs, led
by the Secretario de Marina e Indias, Antonio Valdés, were able to create
the teaching structure — the system — needed for the vast programme of
hydrographic reconnaissance in America and the Pacific.3®

Initially, the outline of the Iberian Peninsula was mapped. Vicente
Tofino (1732-95), a mariner trained in the time of Jorge Juan, and
already a prestigious astronomer throughout Europe and director of
the Academia de Guardia Marinas, directed the operations that culmi-
nated in the Atlas maritimo de Espaiia (1787).3¢ Under his command
were Dionisio Alcala Galiano, José Espinosa y Tello, José de Lanz and
Alejandro Malaspina, later to be distinguished figures in their own right.
They followed the system used by Picard and La Hire for mapping France,
combining terrestrial and maritime operations. They measured time
with the help of eight Berthoud watches belonging to the Observatorio.
They also used instruments from one of the six shipments acquired by
Joao Jacinto Magalhaes, the Portuguese polymath based in London since
1763, for the Spanish Navy (including achromatic telescopes, quadrants,
pendulums).3” The Navy thus managed to produce the first truly modern
map of the Iberian Peninsula, something achieved neither by the Jesuits
of the Seminario de Nobles (by now expelled), nor by the programme in
Ensenada’s time of sending young recruits to study abroad (as was the
case with Tomés Lopez, mentioned previously).

It was not long before Tofifio’s project spread to America and the Pacific,
notably with the Malaspina expedition between 1789 and 1794. This was
the most encyclopaedic expedition ever mounted, for aboard the corvettes
Descubierta and Atrevida they practised not only astronomy, geography
and botany, but also ethnography, political economy and comparative
history.?8 The expedition included many of the men Tofifio had chosen for
the Atlas de Espafia and many of the same instruments. The objective was
to map the coast from Cape Horn to Alaska and the Philippines, as well
as to chart courses for merchant shipping. It would take too long to give
details of the results here, but suffice to say that of the three volumes of
the catalogue prepared by Maria Dolores Higueras, one is wholly devoted
to the astronomical and hydrographic work.® Felipe Bauza, Espinosa
y Tello, Alcald Galiano and the other scientific officers produced a wealth
of cartographic work consisting of 240 drafts, 182 charts in different stages
of completion, and 28 magnificent copper-plate maps.
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As was now becoming more common, the officers of the Descubierta
and Atrevida measured longitude with a combination of astronomical
means and mechanical instruments (timekeepers). They had chro-
nometers by Arnold and Berthoud, a Ramsden astronomical quad-
rant, sextants from Wright and Stancliffe. They observed the eclipses
of Jupiter’s satellites, the occultation of stars by the Moon, and so on.
And of course, they took copies of the Connaissance des temps and the
Nautical Almanac. It was at this time that Cadiz began to produce its
own astronomical almanacs and tables, taking the Observatorio as the
prime meridian. Meanwhile, the Malaspina expedition was fixing the
position of the American coast in relation to Cadiz, the new southern
meridian, by establishing temporary observatories (Figure 2.2) in loca-
tions from Montevideo to Nootka, as well as Bennelong Point, now the
site of Sydney Opera House, and in Vava'u.%°

Between 1785 and 1810, Spain organized many hydrographic expedi-
tions to the Northwest Coast, the Straits of Magellan and the Caribbean,
the former two as frontier regions of Spanish dominion, the third as the
principal hub for transatlantic trade. The explorations of the Northwest
Coast included those headed by Francisco Bodega y Quadra, the Lima-
born mariner who acted as Spanish representative in the negotiations
with George Vancouver after the Nootka crisis of 1789, and that led by
Alcalé Galiano and Cayetano Valdés in command of the schooners Sutil
and Mexicana (1792). Voyages in the far south included the four of José de
Moraleda that between 1787 and 1796 charted the intricate archipelago
of Chiloé and Patagonia. The Gulf of Mexico and the Caribbean were
covered by the Atlas de la América septentrional (1792-1810), a hydro-
graphic project designed by Mazarredo and led by Cosme de Churruca
(1761-1805), another of the outstanding mariners of that generation.
Alexander von Humboldt made great use of the project’s results.*! The
Spaniards - although not always — were also able to take advantage of
their own tradition of exploration, as with the magnificent maps based
on these voyages, which Felipe Bauza (1764-1834), formerly responsible
for the charts and maps of the Malaspina expedition, had engraved once
he was appointed as director of the Depésito Hidrografico in 1797, a
position he held until his exile in 1823.

Spanish sailors made some remarkable contributions in the field of the
calculation of longitude at sea. Gabriel Ciscar (1769-1829), for instance,
one of the minds behind the Higher Studies Course and perhaps the best
mathematician in the Spanish Navy, wrote several texts on astronom-
ical navigation. He was also responsible for introducing a new system
of weights and measures into Spain. In 1803, he published his most
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valuable contribution to longitude literature, a graphical method for
correcting lunar distances.*?

The outstanding Spanish figure in the field of longitude research was
José Mendoza y Rios (1762-1816), a mathematician and astronomer
trained in the Seminario de Nobles and in the Navy, whose Tratado de
navegacion (1787) ultimately replaced the manuals of Jorge Juan and
Mazarredo.®® Like them, Mendoza y Rios was aware of the need to ‘make
systems’, as well as of the deficiencies of Spanish technology for astro-
nomical navigation: in other words, of dependence on texts and instru-
ments manufactured abroad. From the 1780s, Mendoza y Rios undertook
a project known as the ‘Spanish Maritime Library’, with the intention of
preserving a collection of maps and scientific instruments and providing
a place for discussion and the advancement of the navigational sciences.
This project was the forerunner of the Depédsito Hidrografico, created
after the return of the Malaspina expedition and taking advantage of the
rich material it had collected in Spanish America. This in turn was the
precursor of the Museo Naval, Madrid.

In 1789, Mendoza y Rios was sent abroad to obtain information that
might be useful to the Spanish Navy and to make contact with intellec-
tuals, booksellers, mapmakers and instrument-makers. First, he went to
Paris, taking with him a young colleague, José de Lanz, later a well-known
mathematician and engineer, and author of an important monograph
on machines.** In 1792, Mendoza y Rios formed part of the Hispano-
French commission to undertake calculations on the measurement of
the arc of the Paris meridian, the campaign that led to the creation of the
metre. However, the Revolution obliged him to move to London, where
he established contacts in scientific circles and with instrument-makers,
and settled for the rest of his life. In London, he acted as the Spanish
Navy’s representative, becoming an authority on nautical astronomy.
He had already published in the Connaissance des temps for 1791 a work
on the determination of latitude by measuring two heights of a star
and the period between the observations. Once in London, he was
accepted in 1793 as a Fellow of the Royal Society, proposed by Joseph
Banks and seconded by Henry Cavendish, Nevil Maskelyne and James
Watt. He published two works on astronomical position-finding at sea,
which included new advances in the method of lunar distances, the first
printed in Madrid (1795), the second in the Philosophical Transactions
(1797).% In subsequent years, he designed a set of navigation tables,
including a new method of clearing the lunar distance, simplifying
the laborious calculations with logarithms and natural sines, using the
haversine formula for the first time. He published these tables first in
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Spanish (1800) and then in English (1801), a publication that was later
expanded and published in two further editions (1805 and 1809).46 As
noted previously, it was necessary to make the lunar distance method
into a truly transparent solution. However, it was also necessary to make
it simpler. Delambre praised Mendoza y Rios’s ingenious tables, although
he complained that they were 70 pages long.*” Transparency, simplicity,
portability: simplicity may be the seal of truth, but portability was the
only guarantee of effective circulation.

Mendoza y Rios’s other contribution was technological, in suggesting
further improvements to the reflecting circle, an instrument previously
used, following modifications by Jean-Charles de Borda, to measure the
meridian arc. Mendoza’s suggestions included a ‘flying nonius’, a divided
circular ring that could be rotated within the degree scale to allow more
precise reading of the scale, and a new design for the handle to allow the
instrument to be used in any position. He published his ideas, ‘On an
Improved Reflecting Circle’, again in the Philosophical Transactions.*8

The decline of the southern meridian

Yet all this work to create an institution, to train experts, to rationalize
and submit the empire to the engraver’s tools and to geometry, came to
nothing in the following years. When the Malaspina expedition returned
to the Iberian Peninsula, Spain was at war with France. Malaspina was
condemned for his liberal views, imprisoned and ultimately exiled.
The material produced by the expedition was censored, and remained
unpublished for nearly a century. The only work that saw light, and that
after some delay, was the Memorias sobre las observaciones astronomicas
en distintos lugares del globo, published by José Espinosa y Tello, the only
material felt to be uncontaminated by political ideas.*” The neutrality
of astronomy was always a widespread fiction. Nonetheless, herein
lay the details of the scientific operations carried out by the Spanish
officers, the foundations for the most complete and accurate portrait
of the Spanish Empire. Geographical locations in longitude from the
Philippines to Cape Horn were fixed in relation to Cadiz. It was the
swansong of the Empire. The following year the revolution broke out
and the Emancipation movement began in Latin America.

The biographies of these mariners reflect the fate of nautical astronomy
in the years of the Napoleonic Wars. Many, including Alcald Galiano
and Churruca, who died at the battle of Trafalgar in 1805. Others,
including Espinosa y Tello and Mendoza y Rios, fled to London during
the Napoleonic invasion, although the latter’s exile was more or less
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voluntary. But the fact is that Spain suffered a considerable brain drain
of scholars and intellectuals, for soon there was another exile, that of the
afrancesados, the ‘Frenchified’, who escaped when absolute monarchy
was reinstated in Spain in 1814. This was the case for José de Lanz,
Mendoza y Rios’s outstanding disciple, and Felipe Bauz4, who ended up
in London, where he was buried in Westminster Abbey, while his fabu-
lous collection of maps stayed forever in the British Library, despite his
wish that it be returned to Spain.

The Real Observatorio de Cadiz went into decline. It was even mooted
that it might close, with its activities transferred to the Observatorio
Astronémico de Madrid, a fine building by the neo-classical architect
Villanueva, located in the Retiro Park, Madrid’s answer to London’s
Hyde Park, next to the Real Jardin Botdnico and the Museo del Prado.
The Prado was another magnificent building by Villanueva, though not
yet a famous art gallery, having been designed to house a scientific and
technological complex that, significantly, never came into being. These
three scientific establishments in the heart of Madrid were looted during
the French invasion of 1808. Nothing remained of the fabulous 25-foot
Herschel telescope that the Observatorio Astronémico had housed, and
which had been acquired through the mediation of Mendoza y Rios.*°

In Cadiz the observatory buildings were abandoned: the Oficina de
Efemérides, the watchmakers’ workshop and the instrument repair shop.
The collapse of the institution that had introduced modern mathematics,
physics and astronomy into Spain is eloquent. An inventory from 1827
reveals that of 431 instruments, 21 were old, unsaleable but particularly
useful, 74 saleable and deteriorated, 100 missing and 104 old, useless
and only saleable as scrap.5! If the diaspora of the mariners reflects the
atomization of the Enlightenment scheme, the deterioration of the Cadiz
instruments, ‘moth-eaten, with their locks, brackets and hinges rotten
with mould’, represents the paralysis of that institutional model. 52

All this leads us to conclude with a comment from a Spanish anthro-
pologist who had the accuracy of an astronomer. Julio Caro Baroja
said that Spain, contrary to the stereotype, was not a conservative
country:

The idea that Spain is a traditionalist and conservative country is one
of the falsest, and one that has been repeated for many years. Rather,
Spain is a country that destroys and devours its past and the sons it
bears, in successive generations. It is a sort of Saturn, as depicted by
Goya in one of his most terrifying paintings.>3
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Perhaps this is why we find it so commendable that the Board of
Longitude project has cast ‘a vivid light on the role of the British state
in encouraging invention and discovery’.>* Although no scientific tradi-
tion has a single centre, nor a single address, or perhaps because of that,
and because somehow we are all projected in certain places, one cannot
avoid thinking of Greenwich as a central and admirable place, even
though the Equator, until some catastrophic event corrects the situa-
tion, does not yet pass through it.
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The Longitude Committee and
the Practice of Navigation in the
Netherlands, ¢. 1750-1850

Karel Davids

In 1826, the Netherlands switched meridians. Officially, the meridian of
Greenwich became the prime meridian for Dutch seafarers rather than
that of Tenerife. The shift was the result of advice from the Longitude
Committee to the Secretary of the Navy. The Committee, which the
Admiralty of Amsterdam originally established in 1787 as the ‘Committee
concerning matters relating to the determination of Longitude at Sea and
the Improvement of Charts’,! argued that other seafaring nations no longer
used the meridian of Tenerife as their reference and that Dutch seafarers
also rarely used it as a prime meridian. Naval officers had already switched
to the Greenwich meridian because they often used British charts.

Since 1815, charts published by the Longitude Committee had indi-
cated longitude relative to Paris as well as Greenwich and Tenerife. By the
1820s, the Committee considered the proliferation of prime meridians
‘ridiculous’ and a source of ‘error, uncertainty and inaccuracy’. If nations
would only decide on a common prime meridian, it continued, the
meridian of the Peak of Tenerife would doubtless be the best candidate
since it would allow ‘a good division of the globe’: Europe would lie in
the eastern hemisphere, the Americas in the western. But as this outcome
was hardly to be expected, the choice was really between the meridians of
Greenwich and Paris. Furthermore, since ‘England was the first seafaring
nation’ and most charts and relevant nautical reports came from there, the
Committee concluded, preference should be given to Greenwich.? This
conclusion was accepted without further debate. On 26 July 1826, King
William I issued a decree: henceforth, the Greenwich meridian would be
the basis of the lunar tables in the Dutch nautical almanac.? The first such
almanac based on Greenwich was produced for 1828.

32
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The switch of meridians in the 1820s, and the elaborate arguments
deployed to justify the move, was significant for several reasons. First,
it marked the formal acknowledgement that the British, rather than the
French or Dutch, had become the dominant power in the field of navi-
gation. Second, this acknowledgement concerned the recognition of an
existing state of affairs rather than the perception of a supposed mastery
regarding methods and theory. Third, it clearly demonstrated that navi-
gational practice could change irrespective of rules or incentives origi-
nating from maritime authorities. In 1826, the rules were adapted to
practice, not the other way round.

This chapter concerns the relationship between state-supported provi-
sion and seafarers’ practice in the field of navigation in the Netherlands
between about 1750 and 1850. When, how and why did Dutch state
agencies become more involved in the field of navigation and what
exactly did their role imply? How and to what extent did they depend
on input from Britain or France? What was their impact on the practice
of navigation, and how to explain this impact? To answer the first two
questions it is necessary to look back to the last decades of the eight-
eenth century, before returning to the second quarter of the nineteenth
to address the third.

Growing state involvement, c¢. 1750-1820

The creation of the Longitude Committee in 1787 was the climax of a
growing concern among state agencies in the Dutch Republic with the
practice of navigation, which had become evident from the middle of
the eighteenth century. Around 1750, the Admiralties of Amsterdam and
the Maze (which were by far the most important of the five Admiralties
that existed in the Netherlands since 1597) joined with local govern-
ments and the Dutch East India Company (VOC) to found schools
(zeemanscolleges) in Amsterdam and Rotterdam for training naval
officers, masters and mates.* All the Admiralties at this time introduced
statutory examinations for naval officers and mates. Each, with the
exception of Friesland, appointed a permanent examiner.’ In addition,
regulations issued from the late 1740s specified the information that
officers and mates had to record in their ships’ journals.5

The establishment of the Longitude Committee was a clear sign that
state agencies were prepared to substantially increase their involve-
ment in the practice of navigation. The first Committee consisted of Jan
Hendrik van Swinden, professor of mathematics, physics, astronomy,
logic and metaphysics at the Athenaeum Illustre in Amsterdam, Pieter
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Nieuwland, Van Swinden’s star pupil, who would become lecturer in
mathematics, astronomy and navigation at the Athenaeum in 1789, and
Gerard Hulst van Keulen, the leading producer of nautical books, charts
and nautical instruments in the Netherlands, and also an accomplished
teacher of longitude-finding: in 1786, Van Keulen had taught the lunar
distance method to a select group of pupils at a recently founded nautical
school, the Kweekschool voor de Zeevaart, in Amsterdam.”

Although a single Admiralty created the Committee and all members
were initially based in Amsterdam, it quickly assumed more than
regional importance. A permanent correspondent at the Admiralty of
Rotterdam, Jacob Florijn, was appointed in 1789 and communication
with other Admiralties was established as well. After 1795, the Longitude
Committee served as an agency of the newly centralized Dutch Navy.
Apart from a temporary abolition between 1811 and 1815, it continued
to operate until 1850.8

The chief tasks of the Committee were to encourage the use of new
methods for determining longitude at sea by making relevant data
and tools available to Dutch seamen, and to improve the accuracy of
nautical charts for the benefit of naval and merchant vessels. One of
its principal activities was the publication of guides and manuals on
navigational matters and the translation and adaptation of the British
Nautical Almanac, which would help Dutch seamen put the lunar
distance method into practice.” Van Swinden was the main author of a
manual on the method (Verhandeling over het bepaalen der lengte op zee,
door de afstanden van de maan tot zon of vaste sterren) and of a treatise on
the construction and use of octants and sextants (Verhandeling over de
inrichting en het gebruik der octanten en sextanten van Hadley), published
under the aegis of the Committee in 1787 and 1788 respectively.
Nieuwland’s and then Florijn’s task was to recalculate the lunar tables
in the Nautical Almanac for the meridian of Tenerife. When Abraham
van Bemmelen, lecturer in mathematical sciences at the Fundatie van
Renswoude, succeeded Van Swinden on the Committee in 1800, Florijn
and Van Bemmelen undertook this task together.!° The main reason the
Committee published its own nautical almanac was that, in contrast
to the 1820s, Dutch seamen still predominantly plotted their position
with reference to the meridian of the Peak of Tenerife rather than that
of Greenwich. The first Almanach ten dienste der zeelieden edited by the
Committee appeared in 1788. Its publication was the climax of a process
started in the late 1760s, by which the lunar distance method gradually
became more widely known. In the winter of 1769-70, Pybo Steenstra,
lecturer in mathematics, astronomy and navigation at the Athenaeum
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Mlustre in Amsterdam, gave a series of lectures on the method of finding
longitude by lunar distances with particular reference to techniques
for ‘clearing the distance’ developed in France. The text of this course
appeared in print a year later, together with a model of a ‘nautical
almanac’. Steenstra was also the first to undertake the task of translating
the British Nautical Almanac into Dutch, together with a set of accom-
panying tables, for use by Dutch seafarers. The first installment of this
almanac, like that of the Longitude Committee, appeared in 1788, but
the project was discontinued due to Steenstra’s death in the summer of
that year.!! The Committee aimed at a much broader audience than just
naval officers. It also began a series of transactions on navigational and
cartographic topics, consisting of reports by Dutch naval officers and
foreign seamen, as well as contributions by commissioners.!2

The Admiralties of Amsterdam and the Maze also took decisive steps
to ensure that the new navigational methods would be used on their
ships. Naval officers were no longer required to purchase all the equip-
ment for oceanic navigation themselves. From 1788, the naval authori-
ties issued sextants and almanacs on a regular basis and occasionally
supplied officers with timekeepers.!* The Admiralty of the Maze stipu-
lated explicitly that henceforth captains should record in their journals
when they had taken lunar distances to determine longitude, and with
what result.4

The regulations concerning navigation in the Navy were standardized
after the merger of the five Admiralties into a single naval organization
in 1795. Jacob Florijn, who had been examiner of officers and mates in
Rotterdam since 1771, was appointed as Mathematician and Examiner-
General of the Navy and promoted from correspondent to full member
of the Longitude Committee as successor to Pieter Nieuwland, who
had died in 1794. Teaching naval officers also became one of Florijn's
duties for a while.!> A separate institute for Navy midshipmen, provided
with state-of-the-art navigational manuals and instruments (including
a sextant, a marine chronometer and a copy of Ferdinand Berthoud's
Traité des horloges marines) was finally founded in 1803.1°

In his new position as superintendent of navigational matters from
1795, Florijn saw to it that the new schools for masters and mates of the
Navy in Amsterdam and Rotterdam taught the lunar distance method,
using the publications of the Longitude Committee. He also supervised
the examinations of mates of the Navy, which became compulsory in
1795. These were taken before an examiner in Amsterdam or Rotterdam,
with a report sent to Florijn and the examiners in turn examined by
Florijn himself. Lunar distances were part of the examination for both
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second and first mates.!” In order to ensure that the method was applied
at sea, Florijn was further authorized to inspect all journals of naval
vessels to check whether the lunar distance method had been used, by
whom and with what result.!® The rules concerning the contents of
ships’ journals that had been in force at the Admiralty of the Maze since
1788 were extended to the entire Navy. Finally, the Navy Board decided
in 1802 to grant commanding officers a lump sum of 700 guilders to
buy the instruments, charts and books needed for oceanic navigation,
specified in a standard list drawn up by Florijn in consultation with the
supreme commander of the Navy, Jan Willem de Winter. For each subse-
quent voyage, commanding officers would receive an additional 100
guilders to supplement and maintain their equipment.!?

These changing arrangements concerning navigation related in part to
the dynamics of state formation in the Netherlands and its evolving rela-
tionship with other European powers. Accurate charts and methods for
finding longitude were, after all, part of the arsenal of maritime rivalry.
One must also look, however, to the investment needed to put the new
longitude methods into practice. Deploying lunar distances or longi-
tude by chronometer demanded the availability of particular sets of aids,
which involved larger and more prolonged investment than had been
common in navigational technologies before the end of the eighteenth
century. Lunar distances required the ongoing availability of a nautical
almanac, containing tables of the astronomical data needed for calcu-
lating longitude, as well as a set of sextants and octants to measure angles.
Buying a nautical almanac and an octant was not excessively expensive;
an Almanach ten dienste der zeelieden cost 3 guilders in the 1790s and
1 guilder and 40 cents in the 1830s. Prices of octants in the late eighteenth
century ranged between 8 and 50 guilders, depending on type, size and
quality.?° The greatest obstacles, at least in the early years, were the costs
of sextants and the expenditure needed for the continued production of
up-to-date almanacs.?! A sextant cost about 150 guilders in the 1790s,
which was five times the monthly salary of a naval captain (excluding
his income from provisioning); in 1815, prices varied between 50 and
240 guilders, which amounted to between one fifth and one third of
the monthly salary of a captain not on active duty.?? Only the persistent
efforts of salaried calculators and comparers, and of a publisher willing to
bear the commercial risk, could sustain almanac production.

To apply the chronometer method, a ship should also carry three time-
keepers (one alone could not be trusted). Marine chronometers were far
more expensive than sextants. The prices of chronometers bought by
the Dutch Navy in the 1800s ranged from 1000 to 2400 guilders. The
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cheapest timekeeper in the early 1850s still cost between 500 and 600
guilders.? Although some naval officers bought timekeepers privately,
the purchase and upkeep of a single chronometer (let alone three) was
beyond the means of most.2* The adoption of the new methods for
finding longitude thus required a prolonged, high-level investment that
few individual navigators or private entrepreneurs were able, or willing,
to make. As in Britain and France, state agencies in the Netherlands thus
took on a more active role in supporting this adoption.

Links with Britain and France, c. 1750-1820

A key question concerns the extent to which Dutch state agencies were
dependent on input from Britain or France after the middle of the eight-
eenth century. Like nautical almanacs, the majority of marine chronom-
eters initially came from abroad. Of the 18 timekeepers purchased by
the Dutch Navy between about 1790 and 1815, ten came from France
(mostly by Berthoud and Bréguet), five from Britain and two from the
Netherlands, while the origin of one chronometer is unknown. The few
privately owned timekeepers were of British manufacture, Arnold being the
principal supplier.?s Yet after a while, the Dutch succeeded in developing
a small, but viable, domestic productive capacity. The Amsterdam clock-
maker Friedrich Knebel began producing marine chronometers in 1806;
a few dozen timekeepers left his workshop in the decades that followed.
After the Napoleonic period, other clockmakers in the Netherlands
entered production too, notably the firms of Hohwii, Cranenberg and
De Casseres.?¢ Although the relative proportions of the supply of British
and French chronometers to the Dutch Navy were reversed after 1815 —
mirroring the ascendancy of the meridian of Greenwich over that of
Paris — Dutch timepieces began to hold their own. Of 85 timekeepers in
the possession of the Dutch Navy in 1835, 74 came from Britain, one
from France and nine from the Netherlands.?” Nonetheless, the reorien-
tation towards Britain did not preclude Dutch experts from sometimes
criticizing the qualities of the Nautical Almanac, or borrowing vital infor-
mation on the regulation of chronometers from France.?

Octants and sextants were not only imported from Britain; from an early
date, they were also made in the Netherlands. Jacobus Kley in Rotterdam,
and Johannes van Keulen, Benjamin Ayres and Jacobus and Johannes van
Wijk in Amsterdam began producing octants in the 1740s and 1750s. A
sales catalogue issued by the Van Keulen firm in 1777 shows that seamen
could choose from a variety of types and sizes, with quality and price to
match.?® About 1780, the Van Keulen firm in Amsterdam — then under
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the management of Gerard Hulst van Keulen — and John Cuthbertson
in Rotterdam also started the production of sextants. In contrast to
Cuthbertson, Van Keulen employed a dividing engine, which he bought
from its inventor, London instrument-maker Jesse Ramsden at about the
same time, to graduate his instruments speedily and accurately. In 1791,
Van Keulen obtained a patent from the States of Holland for a dividing
engine of his own design, which he put to use shortly afterwards. The
total number of sextants made under Van Keulen'’s supervision has been
estimated at 500.3° As long-time supplier of charts and navigational aids
to the VOC and a member of the Longitude Committee from 1787 until
his death in 1801, with the designated role of printing and publishing
the books and charts produced by the Committee, Van Keulen was in a
privileged position to sell instruments to the VOC and the Navy. In the
first half of the nineteenth century, other producers entered the market
for sextants. The most successful at the end of the Napoleonic Wars was
Jan Marten Kleman, who in 1814 landed the contract for supplying
sextants to the Dutch Navy.3!

The Longitude Committee as such did not maintain formal links with
British or French institutions such as the Board of Longitude or Bureau
des longitudes. Minutes of the Board of Longitude contain a few refer-
ences to the work of Cornelis Douwes, instructor at the zeemanscollege in
Amsterdam, who in the 1740s devised a double-altitude method to deter-
mine latitude at sea, with a set of tables that facilitated its use. In 1768,
after a British officer had sent a copy of Douwes’s tables from Amsterdam
to London, the Board gave the Dutchman a reward of £50 ‘for his trouble
in correcting, improving and illustrating’ his ‘solar tables’.3? Nonetheless,
there is no mention in the Board of Longitude archive of the establish-
ment of the Longitude Committee in the Netherlands 20 years later.

Contacts did exist between the members of the Committee and scholars
in France, but seemingly on an individual basis. Van Swinden corre-
sponded with many of the leading lights in mathematics, astronomy,
physics and natural history, including Lalande, Laplace, Delambre,
Méchain, Bonnet, Grégoire and Cuvier.3® He participated in the meeting
of the International Commission of Weights and Measures in Paris in
the late 1790s and had the honour of being asked to present its results
to the Assemblée legislative and the Institut national des sciences et
des arts in July 1799.3¢ Thanks to Van Swinden’s contacts with French
scholars, advances in the field of longitude determination were quick
to reach the Netherlands. In November 1787, for instance, Lalande
informed him that Borda had just published a description of his newly
improved reflecting circle. Likewise, Jean-Baptiste Joseph Delambre sent
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Van Swinden a copy of the tables the Bureau des longitudes published
in 1806.%° His network served as a conduit for information in the reverse
direction as well, with Van Swinden sending books of his own to the
Bureau des longitudes on several occasions. A copy of the fourth edition
of the manual on the determination of longitude from lunar distances
and of the treatise on the construction and use of octants and sextants,
which he had written as a member of the Longitude Committee, arrived
at the Bureau in Paris in 1802.3¢

By contrast, Florijn, despite having no correspondents abroad, was well
informed about events in his field beyond the borders of the Netherlands.
He preferred to keep abreast of new developments by reading books,
journals and transactions in foreign languages, mastering English and
French as well as German. Florijn’s translation of Rennell’s observations
on the ocean current near the Isles of Scilly, published as the second part
of the Verzameling van berichten of the Longitude Committee in 1794, for
example, reveals his familiarity with periodicals in English, such as the
Philosophical Transactions and American Museum.3” The inventory of his
library, drawn up after his death in 1818, also shows that he possessed
relevant books on the determination of longitude in French and English.
Moreover, his collection of 60-odd maps and 200 separate printed charts
included, alongside many items from the Van Keulen firm (almost 90 per
cent), charts from Britain and France. Among the latter were charts of
the islands and coasts of Scotland and England by Mackenzie, Downey,
Grosvenor, Stephenson, Jefferys, Heather, and Tovey and Ginver, charts
of the Mediterranean, the Baltic Sea and the coasts of France, Spain and
Portugal by Knight, Watson and Hamilton Moore, and charts of Saint-
Domingue and the Grand Banks of Newfoundland by French cartogra-
phers.®® The preponderance of British materials among the cartographic
aids of foreign provenance again reflects the reversal in the relative
influence of Britain and France after the Napoleonic Wars. This stood in
contrast to the period when Dutch naval officers had begun to consult
foreign charts on their voyages across the Atlantic and along the coasts
of France and Spain in the mid-eighteenth century; after Dutch charts,
they chose French rather than British ones.*®

Seafarers and state agencies, c. 1820-50

The VOC and the Navy were the first to feel the impact of the Longitude
Committee’s activities. The VOCbegan issuing the almanacs and manuals
published by the Committee to all ships sailing to Asia in 1788. Ships’
journals show that VOC navigators were applying the lunar distance
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method in the 1790s.° An increasing number of naval officers started to
do so as well. By the end of the first decade of the nineteenth century,
about 60 per cent of midshipmen and perhaps one third of mates in the
Navy were familiar with the new method for finding longitude at sea.*!

When the Longitude Committee was reinstated in March 1815, its
assignment combined the functions of the old Committee and of the
Mathematician and Examiner-General of the Navy.*?> As well as the
annual publication of a nautical almanac and the improvement of charts,
it now was responsible for the examination of naval officers. Johan
Frederik Lodewijk Schoder, a former instructor at the institute for naval
midshipmen who became professor of mathematics at the University
of Utrecht in October 1815, joined Florijn and Van Bemmelen as a
new Committee member. While Florijn took charge of examinations,
Van Bemmelen concentrated on the almanac and Schroder concerned
himself with the revision of charts. The Committee also continued the
publication of its transactions, started in 1788, on topics in cartography
and navigation.®? In addition, the Navy’s timekeepers were entrusted to
the care of the Committee between 1824 and 1832.4

From the 1820s, the Longitude Committee also became directly
involved in state-sponsored efforts to influence the practice of navi-
gation in the merchant navy. In 1823, the central government of the
newly formed Kingdom of the Netherlands (comprising the territories
of the former Dutch Republic and the Austrian Netherlands) introduced
an ambitious scheme to improve the knowledge and skills of masters
and mates in the merchant marine. State-paid lecturers in mathematics
and navigation, who offered free instruction to anyone wishing to be
trained as a pilot for the Navy, were appointed in the four main port
cities of Amsterdam, Rotterdam, Antwerp and Ostend. The courses
encompassed the whole of navigation, from elementary mathematics
to the determination of latitude by double altitudes, the use of sextants
and timekeepers and the determination of longitude by lunar distances.
In addition, the state introduced optional exams on the theory of navi-
gation for mates in the merchant marine. These were similar to the
(compulsory) ones for mates in the Navy, which were graded from fourth
to first mate. The then chairman of the Longitude Committee, Schroder,
drew up the regulations for the exams and public lecturers. In addition,
the Longitude Committee was charged with testing the competence of
newly appointed lecturers and, twice a year, examining candidates for
the different ranks of mate in the Navy and merchant marine.*

In the northern part of the Kingdom (which split in 1830 after the
Belgian Revolt), the grand scheme of 1823 ended largely in failure. An
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1851 inquiry that took evidence from 168 captains of ships chartered
by the Nederlandsche Handel-Maatschappij (which, as successor to the
VOC, handled most of the transport of goods between Asia and the
Netherlands) revealed that 106 (63 per cent) had never sat an examina-
tion. Eighteen had received a certificate from the Kweekschool voor de
Zeevaart. No more than 26 per cent had passed a test of competence
before examiners of the Longitude Committee or some other examining
board. It also seems that merchant seafarers barely attended the public
lectures in Amsterdam and Rotterdam.*¢

The limited appeal of the state examinations among merchant seamen
was probably largely due to their theoretical content and the peculiar
composition of the board of examiners. After Van Bemmelen’s death in
1822, the Longitude Committee came to be dominated by professors
of the universities of Leiden and Utrecht and of the institute for naval
cadets (Koninklijk Instituut voor de Marine) in Medemblik, who had no
first-hand knowledge of the merchant navy or even of seafaring. It was
not until 1838 that the Minister of the Navy, defying academic expec-
tations, chose to fill vacancies on the Committee by appointing those
with more seafaring experience and/or familiarity with practices in the
merchant marine. At its dissolution in 1850, the Committee consisted
of a single professor, a naval officer and two lecturers in navigation.*’
One of the latter, Jacob Swart, boasted rich experience in teaching and
publishing in the field of navigation: after several years as instructor at
the Kweekschool voor de Zeevaart, he had become a state-paid lecturer
and lecturer to the shipmasters’ society, the College Zeemanshoop in
Amsterdam, as well as assistant-manager of the Van Keulen firm.*8

The fiasco of the state-sponsored project of 1823 did not, however,
imply that merchant seamen were averse to change. The renewed
expansion of the Dutch merchant marine after the Napoleonic Wars —
from 1,097 ships in 1824, to 1,781 sailing ships and 12 steamers in
1850, to 2,397 sailing vessels and 41 steamships in 1858 — coincided
with a remarkable spread of new educational facilities, a significant
increase in the supply of navigational aids and an impressive drive for
self-improvement among navigating personnel.*’

Navigation schools, lectureships and special courses on navigation
sprung up all over the country after 1815 — not just in the big port cities
in Holland, but also in small towns and villages in Groningen, Friesland
and Zeeland, on the Wadden Islands and along the coasts of the Zuyder
Zee. Initiatives by local governments, private individuals and organi-
zations of navigators satisfied the growing demand for navigational
knowledge and skills, without any need for state involvement. In the
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early 1850s, local authorities in many towns in the maritime provinces
finally instituted their own examining boards, offering exams in naviga-
tion and seamanship on a voluntary basis. The boards were composed of
ship-owners, insurers and shipmasters, as well as teachers of navigation
and experts in nautical astronomy.>°

Sextants, octants, chronometers and other nautical instruments were
not only purchased from abroad (mostly from Britain), but were also
produced in sizeable numbers in the Netherlands. Facilities for checking
and maintaining timekeepers for the merchant marine were created in
Amsterdam and Rotterdam. Jacob Swart, who had already assumed this
task for the Navy (taking over from the Longitude Committee) in 1832,
opened an observatory for this purpose on the premises of the Van Keulen
firm eight years later.5! As assistant-manager, and from 1840 full manager,
of the firm, Swart was responsible for an increased output of new or revised
nautical tables, guides, tracts and manuals on navigation and seaman-
ship intended to satisty the increasing demand for up-to-date profes-
sional literature, which had been evident since the late 1820s.5? After the
dissolution of the Longitude Committee, he also continued, on behalf of
the Van Keulen firm, the publication of the Dutch nautical almanac and
of the long-running series of transactions on topics in navigation and
cartography, which he turned into a fully-fledged nautical journal.>?

Navigators in the merchant navy, meanwhile, showed equal eagerness
to improve themselves. Between about 1815 and 1850, over a dozen ship-
masters’ societies (zeemanscolleges) were founded in the maritime prov-
inces of the Netherlands. Originally created as mutual insurance funds
for masters, these zeemanscolleges soon assumed a variety of additional
functions. They subsidized schools of navigation. They founded libraries
and reading rooms supplied with newspapers, journals and professional
literature. They accelerated flows of information about shipping move-
ments by introducing distinctive flags for their members and transmit-
ting data on ships sighted at sea to ship-owners and other interested
parties ashore. Lastly, they supported the advancement of science by
encouraging their members to collect data on winds, currents and other
marine phenomena for the benefit of the international project of mete-
orological and oceanographic research initiated by Matthew Fontaine
Maury, Christopher Buys Ballot and others.>* Assembling this data at
sea required considerable professional skills. Shipmasters who wished
to participate were instructed to take a sextant, chronometer, azimuth
compass, barometer and thermometer, each of which had to be checked
by experts before they left port.>S By 1860, hundreds of merchant masters
were taking an active part in the programme.
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Conclusion

The Longitude Committee in the Netherlands had different functions
from those of the Board of Longitude in Britain or the Bureau des longi-
tudes in France. The Committee, originally created by the Admiralty
of Amsterdam, did not assess new proposals for solving the problem
of finding longitude at sea, nor did it support voyages of discovery or
coordinate astronomical research. The prime purpose of Longitude
Committee was to make knowledge of new methods and instruments
for the determination of longitude, as well as up-to-date astronom-
ical and cartographic data, accurately and easily accessible to Dutch
seafarers.

One can explain this difference in functions by differences in the
development of the state. Even though the admiralties of the Dutch
Republic were established as institutions of the Union, not of the sepa-
rate provinces, naval organization in the Netherlands, like the organi-
zation of the state as a whole, retained a decentralized character until
the very end of the Old Regime. Powers in the Dutch Republic were to
a large degree diffused among provinces, cities and corporations, such
as the VOC. Central state agencies only had a limited range of func-
tions. The Batavian Revolution of 1795 admittedly led to an increase
in centralization in the state, but financial constraints long put a brake
on expansion of its sphere of action. The assignment of the Longitude
Committee thus remained rather modest after the Revolution.

The main sources of information for the Committee were in Britain
and France, with the emphasis clearly shifting to Britain after the
Napoleonic Wars. The Committee’s activities had much greater impact
in the Navy than in the mercantile marine, especially after its members
became responsible for examining officers and mates. In the merchant
marine, changes in navigational technology from the 1820s onwards
owed more to initiatives from local governments, private entrepreneurs
and organizations of navigators than to state initiatives. By the middle
of the nineteenth century, the Longitude Committee had largely lost its
relevance outside naval circles.
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From Lacaille to Lalande: French
Work on Lunar Distances, Nautical
Ephemerides and Lunar Tables,
1742-85

Guy Boistel

In the 1630s, when Galileo Galilei sought a longitude reward from the
Dutch States for his curious floating telescopic device for observing
eclipses of Jupiter’s satellites, lunar distances were under intense discus-
sion in France between Cardinal Richelieu and the French savant Jean-
Baptiste Morin.! Drawing on the work of sixteenth-century authors
including Gemma Frisius, Johannes Werner and Peter Apian, Morin
set down 13 propositions outlining astronomical and computational
methods for finding longitude from the Moon, including lunar distances,
lunar altitudes, meridian transits and hour angles.? Morin also described
the ‘clearing’ of observations for refraction and parallax.

As Pares has explained, while the true angular distance would be the
main objective of computations in the mid-eighteenth century, for Morin
it was just one step in the process of defining the Moon’s coordinates.
From Morin’s point of view, longitude difference had to be obtained
by comparing the estimated coordinates of the Moon, deduced from
lunar altitude and distance observations, with those computed from
astronomical tables and tabulated in almanacs. In the mid-seventeenth
century, however, stellar positions were not precisely known; the lunar
motions had not been solved (predictions still being subject to errors
of 30 to 50 arcminutes); instruments for measuring angles were not
sufficiently accurate; and astronomers did not have precise and reliable
timekeepers. The principles were understood; the instruments had to
be improved. Nonetheless, eighteenth-century astronomers, including
abbé Nicolas-Louis de Lacaille and canon Alexandre-Guy Pingré, were
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well aware of Morin’s contributions and used them as the basis of their
own methods.

At the end of the seventeenth century, two increasingly dominant
maritime states, France and England, established royal observatories,
each with the remit of helping to solve the problem of determining
longitude at sea. In England, as in France, the Astronomer Royal was
instructed ‘to apply himself with the most exact Care and Diligence to
the rectifying the Tables of the Motions of the Heavens, and the places of
the fixed Stars, so as to find out the so much desired Longitude of Places
for perfecting the Art of Navigation’.? In France, the astronomers Jean
Picard and Philippe de La Hire significantly refined the national map by
determining terrestrial longitudes from observations of the eclipses of
the two first satellites of Jupiter, as proposed by Galileo.*

Like Britain, France initiated rewards and academic prizes for solving
the longitude problem and improving navigation at sea. Two years after
the passage of the British Longitude Act, the French regent Philippe
d’Orléans suggested establishing rewards, although the promise was
not fulfilled. In 1720, the Académie royale des sciences elected to use
a bequest from comte Rouillé de Meslay to fund a biannual prize with
special reference to navigation. Although this was arguably to have only
minor impact on nautical astronomical research in France, the proposed
and actual prizes meant that the French government needed experts
to examine projects claiming rewards.> As this chapter explores, the
different ways in which appointed experts and astronomers interpreted
their roles was to have a significant impact on the development of the
theory and practice of navigation in France and elsewhere. Their work
influenced in particular that of the British Astronomer Royal, Nevil
Maskelyne.

Expertise as a constraint on research in France

Efforts to determine the shape of the Earth in the early eighteenth
century had an explicit connection with the desire of astronomers and
seafarers to improve navigation. Behind the debate between Cartesians
and Newtonians over the new physics lay the desire to know the shape
of the Earth for navigational purposes. Indeed, one direct consequence
of the expedition to Swedish Lapland (1736-37) was to put astrono-
mers and members of the Académie more firmly in charge of improving
navigation. Shortly after Pierre-Louis Moreau de Maupertuis returned
from Lapland, the Ministre de la Marine, Jean-Frédéric Phélypeaux de
Maurepas, made him the ministry’s adviser for nautical sciences, as
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‘official responsible for the improvement of navigation and of the navy
in all its forms’.® As part of his new role, Maupertuis was to publish
textbooks for seafarers. These works, whose astronomical content must
be read with this demand in mind, included the Elements de géogra-
phie (1740), Discours sur la parallaxe de la lune (1741), the very strange
Astronomie nautique (1743) and the Traité de la loxodromie tracée sur la
véritable surface de la Mer (1748).” The phrase ‘very strange’ qualifies
the Astronomie nautique because it proved a complete failure. Written
for shipwrecked sailors, it presented analytical methods primarily for
measuring latitude using pen and paper saved from the shipwreck. As
one can imagine, naval schools never adopted it, and, as will be argued
later, Maupertuis’s views hindered Lacaille’s aspirations to disseminate
the lunar distance method.

Pierre Bouguer succeeded Maupertuis in 1745. Bouguer had begun his
career as a professor of hydrography and mathematics before gaining
fame as a mathematician and member of the ‘Peru expedition’, the
second geodetic investigation of the shape of the Earth, which was
sponsored by the Académie (1733-44). Bouguer was then the best expert
the Ministre de la Marine could find for institgating improvements to
the navy. As early as 1726, however, he had signalled his rejection of
mechanical timekeeping for longitude determination during his travels
to the Equator, and maintained this stance in his reports as expert adviser
between 1749 and 1758.8 Such an authoritative rejection of timekeepers
was to hold sway at the Académie until news of John Harrison's sea
watch (H4) reached France in the 1760s.

Following Bouguer’s death in 1758, his role was divided between the
mathematician Alexis-Claude Clairaut and the astronomer Pierre-Charles
Le Monnier both were experts on lunar tables and their nautical uses, yet
had differing views and methods.® Jérome Lalande replaced Clairaut after
his death in May 1765.1° Given responsibility for improving the navy,
these savants worked under the control of the Ministre de la Marine,
without interference from their peers or the Académie. Improving
nautical astronomy was considered a task not for naval officers but for
the scientific elite: royal astronomers and members of the Académie.
Many of the books by these savants, mathematicians and astronomers —
Maupertuis, Bouguer, Clairaut, Le Monnier and Lalande - should, there-
fore, be read in the context of their role as ‘official responsible for the
improvement of navigation’, giving a more consistent and deeper view
of their scientific activity.

Examining their works in this light, one may draw some conclusions
about the nature of their expertise and influence. With some hindsight,
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for example, one might say that three of the five had a negative influ-
ence on the development of scientific navigation in France.

e Maupertuis failed to answer the Ministre de la Marine’s demands and,
for a while, halted Lacaille’s attempts to develop nautical astronomy
and lunar methods;!!

* Bouguer discouraged timekeeping research during the 1750s, despite
knowing skilled clockmakers (the Lepaute and Leroy brothers) with
relevant expertise;!2

e Lemonnier disseminated old astronomical and nautical methods;
he was not able (or did not wish) to follow new developments in
Newtonian celestial mechanics, something that overshadowed his
quarrels with Lacaille, Clairaut and Lalande (his ex-pupil).

There were deep disagreements and controversies within and between
the main scientific academic organizations, too: within the Académie
(between factions, as well as individually between d’Alembert and
Clairaut, Le Monnier and Lacaille, Lalande and Le Monnier Lalande and
Cassini III, and others); within the Académie de marine in Brest (e.g.
Le Monnier was excluded in 1771); and between successive Secrétaires
d’état de la Marine because of an overly mercurial and hesitant French
naval policy (in particular under Maurepas, Rouillé, Choiseul, Praslin, de
Boynes and de Sartines).!3

The first observations of lunar distance at sea: Abbé Lacaille
and Jean-Baptiste d’Aprés de Mannevillette, 1749-51

After the passage of the Longitude Act in 1714 and Isaac Newton’s
partial development of lunar theory, it seemed clear to astronomers that
the Moon was the only natural clock that could be used regularly at sea.
In ‘A proposal of a method for finding the Longitude at sea within a
degree’ in the Philosophical Transactions for 1731, Edmond Halley offered
a method based on observations of occultations of a star by the Moon
for correcting lunar tables and calculating the ecliptic longitude of the
Moon to within two arcminutes. In principle, the method was suffi-
ciently precise for lunar methods at sea, and Halley’s paper showed how
the observation of a single angular distance between the Moon and a
fixed star could help the seafarer determine longitude. Years later, Lacaille
and the Jesuit professor of hydrography and astronomer in Marseille,
Father Esprit Pezenas, would write that Halley’s method was merely a
variant of Morin’s lunar altitude method, in which the lunar distance
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was only an intermediate step towards calculating longitude, not the
endpoint.!'* Halley’s paper, and the 1742 publication of his Astronomical
Tables with the corrections of lunar tables from observations of a Saros,
would also play an important part in Lemonnier’s and Pingré’s longi-
tude developments.!’

In 1742, Nicolas-Louis de Lacaille, ‘adjoint astronome’ of the Académie,
took charge of the computation and publication of the Ephémérides des
mouvements célestes. Computed for a period of ten years, they provided
the astronomical data needed to compute calendars. Lacaille was aware
of Halley’s 1731 paper and of the recent requests to renew the methods
of nautical astronomy. In 1742, while working on the fourth volume of
the Ephémérides for 1745-55, Lacaille thought of adding considerations
of new ways of finding longitude at sea from lunar distances. Hearing
that Maupertuis, his superior at the Académie and the official ‘respon-
sible for the improvement of the navigation’, was shortly to publish the
Astronomie nautique (1743), however, he shelved his plan, assuming that
Maupertuis’s book would deal with longitude at sea. As it turned out, it
did not.

A new opportunity arose, however, when Lacaille met Jean-Baptiste
d’Aprés de Mannevillette, an officer of the Compagnie des Indes based
in the port of Lorient in Brittany who had good relationships with
instrument makers in Paris. In June 1749, having made improvements
to the octant, Mannevillette was the first naval officer to apply the
lunar distance method at sea, near Cape Verde, using an octant of Caleb
Smith’s design.!® Well trained in mathematics, Mannevillette later said
that he was able to determine longitude with an accuracy of between 5
and 15 ‘lieues marines’ or marine leagues (25 to 45 km); in other words,
to an accuracy greater than that required by the 1714 Longitude Act.!’
His results were published much later, in 1775, in the Neptune Francois
collection of sea charts.!®

Mannevillette’s voyage to the Cape of Good Hope (1750-54) with
Nicolas-Louis de Lacaille helped rekindle practical interest in the lunar
distance method. Both used the method to determine the longitude
of Santiago in the Cape Verde Islands with considerable accuracy in
November 1750. Several determinations of longitude differences were
also made by lunar distance (from Antares) in Rio de Janeiro in January
1751. Given his skill in determining stellar positions, improving tables
of atmospheric refraction and correcting tables for solar motions, not to
mention his familiarity with Clairaut’s work on lunar theory, it is not
surprising that Lacaille could deploy and correct the tables required for
carrying out the lunar distance method. After completing his work on
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lunar parallax, geodesy and stellar cataloguing in Cape Town, Lacaille
developed his ideas on the voyage back to France. In 1754, he sent a
memorial on his new method to the Académie.!” Noting that most
seafarers lacked the scientific training to carry out the lunar method, he
argued that it should be adapted and put ‘within the reach of ordinary
sailors’:

During this sea voyage, I occupied myself in making trials of the
method of observing longitude at sea by means of the distances of
the Moon from some zodiacal fixed star. Following my departure
from France, I made numerous investigations to facilitate the prac-
tice of the method proposed by Mister Halley. I recognized that it was
useless to look for another way of using the Moon for the longitude;
that it was solely a question of making the calculation easy for ordi-
nary sailors.?°

Lacaille also proposed computing the predicted lunar distance from the
Sun and other key stars every three hours in a ‘nautical almanac’, the
model Maskelyne would apply ten years later.

Nevertheless, there was no consensus within the Académie. Lacaille’s
main rival, the astronomer Pierre-Charles Le Monnier was attempting
to publish the first nautical almanac entirely devoted to the lunar alti-
tude method (as well as that of hour angles).?! Alexandre-Guy Pingré
performed the computations. Although the resulting almanac, the Etat
du ciel, was published four times between 1754 and 1757, seafarers do not
seem to have used it because of its complex computations. Nonetheless,
with this publication in progress and with Lacaille at sea near Isle de
France, Le Monnier was able to stop Lacaille’s project.

Lacaille’s graphical method

After his return to France in 1755, Lacaille was able to defend his
proposal. He read a memorial to the Académie in 1759, which set out his
plan for a pre-calculated table of lunar distances and added a graphical
method to avoid the long and difficult calculations normally required
by the lunar distance method. His ideas were later promoted by Jérome
Lalande, who was elected in 1759 to take charge of the computation and
publication of the Connaissance des temps (hereafter CDT). Lalande had
some original views on the CDT and its contents, notably adding new
scientific matter that in many cases can be found only there. The volume
for 1761, for instance, included Lacaille’s procedures and methods for
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calculating lunar distances. In 1755, he also published the Ephémérides
des mouvements célestes, astronomical tables for ten years (1755-65), in
which he further considered lunar distances and his longitude method.
In 1760, Lacaille also published a revised edition of Bouguer’s Nouveau
traité de navigation, which expanded on his graphical method for calcu-
lating lunar distance, which Bouguer had previously overlooked.

Lacaille’s graphical method derived from an idea proposed in 1692
by Father Paul Hoste, S. J., professor of hydrography for the navy in
Brest, and explained more carefully by Bouguer in the first edition of the
Nouveau traité de navigation (1753). A navigation teacher called Griffon,
for whose 1748 memorial to the Académie Lacaille was the academic
referee, also taught the method in Saint-Malo.?? Griffon proposed a
developed version of Hoste’s method. The basis was to draw a circle
representing the celestial sphere with the observer at the centre, and then
plot the pole and the equator at right angles to each other. To determine
local time, one had to plot the Sun’s path, which was easy because the
only data required was solar declination, which mariners could look up
in almanacs. Following Bouguer’s elaboration, with worked examples,
in the Nouveau traité de navigation, Lacaille extended it to the determina-
tion of the apparent angular distance between the Moon and Sun. In
doing so, he transformed the computations of spherical trigonometry
into graphical operations of simple geometry, using only ruler, compass
and the four basic operations, something easily within the grasp of
the common seafarer.?® Lacaille, however, did not specify the elements
needed to clear or correct the angles for lunar parallax.

For his voyage to St Helena in 1761, Nevil Maskelyne took the CDT for
1761 and Lacaille’s ephemeris. In a letter published in the Philosophical
Transactions the following year, he discussed Lacaille’s method, in
particular the graphical approach, agreeing with Lacaille on one point:
the practical dispositions needed for the lunar distance method. Like
Lacaille, he felt it best to have three observers measuring the two alti-
tudes and the angular distance simultaneously, thus avoiding the need
to calculate by interpolation the small but significant horary motion of
the Moon, which could be a source of error.?* As Sadler has explained,
Maskelyne was unable to use the graphical method because of an error
Lacaille made in the example calculations.?® In fact, the error came
from Lalande in the CDTs for 1761 and 1762, which had mistakenly
swapped the figures for Regulus and Aldebaran in the examples for 8
July 1761.%¢

Like the chevalier Jean-Charles de Borda after him, Maskelyne thought
that Lacaille was too pessimistic about the accuracy with which one
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could measure the angular distance between the Moon and a star.?’
Nonetheless, Lacaille was the first astronomer to study the propaga-
tion of errors, drawing on Roger Cotes’s Harmonia Mensurarum (edited
by Robert Smith, 1722). Lacaille believed an accuracy of about four
minutes of arc was possible; Maskelyne and Borda gave one minute (of
arc) for the angular distance, and preferred to develop the lunar distance
method without simplified techniques.

In fact, Borda’s opposition to Lacaille’s methods went deeper. As
already noted, Lacaille had argued that lunar distances had to be adapted
to seafarers’ use, a view echoed in Alexis Rochon’s and Lalande’s beliefs
that the astronomer’s task was to simplify and popularize:

We have simplified through tables all the other parts of the longitude
calculations [...] This part, however, greatly lengthens the longitude
method and prevents many seafarers from engaging in these studies:
if they [seafarers| continue to neglect these observations at the risk
of their fortunes and lives, it is the astronomers’ duty to lessen the
difficulties and to remind them of the vital matters at stake.?®

In the same year as Rochon’s memorial, however, Borda condemned the
use of graphical methods, which had ‘the drawback of having men, only
too inclined to it, becoming used to a process in some way automatic’.
Borda concluded elsewhere that teaching navigators how to calculate
properly was the best way for them to avoid the difficulties and incon-
veniences of calculation. Borda’s expectations were high, his opinion of
seafarers low: ‘It is about time that seafarers ceased looking at the math-
ematical and physical sciences as having no practical use in navigation
and its progress. Without the help of science, the navy would still be
in its infancy’.?’ In the eyes of many mathematicians, examiners and
savant-officers of the French navy, it was up to seafarers to rise to the
demands required by the new navigational methods, rather than for
mathematicians to simplify solutions and contrivances to circumvent
direct calculation.?®

French and Portuguese attempts to publish nautical
almanacs

The development of lunar methods for determining longitude at sea
was directly connected to the establishment of nautical almanacs, not
only in France, but also in Portugal. In France, the process began in
the early 1750s with a dispute over the contents of the CDT. The abbé
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André-Francois Brancas de Villeneuve proposed modifying the CDT to
transform it into a nautical almanac, and published Ephemérides cosmo-
graphiques between 1750 and 175S5. In April 17535, he sent a memorial to
the Ministre de la Marine and the astronomer Joseph-Nicolas Delisle —
one of Lalande’s former teachers — in which he castigated the astrono-
mers and exhorted them to concentrate on their real work: producing
tables for longitude determinations.3! Brancas added that such a nautical
almanac should be published two or three years in advance. While his
other proposals were sometimes idiosyncratic, Brancas set out all the
principles, known from Delisle and Lalande, for creating a nautical
almanac.3? At the same time, Lacaille and Le Monnier were working on
proposals for new nautical ephemerides to help seafarers. Nor were these
the only attempts to publish nautical almanacs in France. In several ports,
small nautical almanacs existed, called (with local variations) Etrennes
maritimes et curieuses, Etrennes nautiques, Etrennes nantaises, and similar.
These gave the times of rising and setting and the declinations of the
Sun and Moon, information needed to determine local time from the
altitude of either body; in other words, the basic astronomical elements
used in Hoste’s and Bouguer’s graphical methods.

Likewise, in 1758 the Portuguese Jesuit Eusebio da Veiga published the
Planetario Lusitano, a type of nautical almanac, a year before the suppres-
sion of the Jesuit order began.®® This latter event disrupted maritime
scientific education for several years in France, and more so in Portugal,
since Jesuits mainly provided maritime education in both countries.
During the 1750s, therefore, there was significant activity regarding
the improvement of existing ephemerides in France and Portugal, and
in encouraging astronomers to produce the necessary tools for finding
longitude at sea.

Lalande, Jeaurat, Maskelyne and lunar distances in the
Connaissance des temps

Elected as the new director of the Connaissance des temps in 1759,
Lalande worked over the next decade or so to develop lunar distance
methods, despite considerable resistance from the Académie. In 1772,
for example, the Académie de marine in Brest proposed translating the
British Nautical Almanac and publishing an edition of Dunthorne’s and
Witchell’s formulae for clearing lunar distances. Initially, however, the
Ministre de la Marine refused to grant the privilege for printing and
forbade any translation, considering it an allégence to France’s mari-
time rival; there was also a question of rivalry between the two royal
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academies. Only after several exchanges with the Ministre did Lalande,
who was a member of both academies (Paris and Brest), gain authori-
zation to add lunar distance tables to the CDT. As Jim Bennett has
shown, there was only a weak notion of state secrecy regarding longi-
tude discoveries.>* There were no secrets regarding astronomical and
nautical computations, with such information circulating easily and
quickly between Maskelyne and French astronomers at the end of the
eighteenth century.?®

Lalande and his pupils Edme-Sébastien Jeaurat and Pierre Méchain
used the work of Maskelyne’s computers to complete French ephemerides
between 1772 and 1785, as well as lunar distance tables reduced to the
Greenwich meridian, before beginning to compute the same tables,
reduced to the Paris meridian after 1790, with the help of the first ever
full-time lunar distance computer, Louis-Robert Cornelier-Lémery.3¢
The need for purely French nautical ephemerides became even more
pressing when Lalande discovered in 1803 that Maskelyne had made
errors of five to six seconds in the positions of the stars needed for lunar
distance and other tables:

We are occupied these days in recalculating from observations
Maskelyne’s 34 stars which we’ve used with complete confidence, and
I find it is necessary to add S or 6 seconds to the right ascensions. So
we’ll have to correct all our catalogues, all our tables and all our longi-
tudes of the observed planets! This old pen pusher, lazy drunkard,
miser, has usurped our trust. He’s very rich, he should have got himself
a computer and checked, more than once, this important result.3’

Lunar tables for longitude: Mayer versus Clairaut, or
empiricism versus theory?

To understand how theoretical knowledge circulated within the network
of European astronomers and géometres (mathematicians), it is neces-
sary to examine how they developed astronomical tables of the Moon’s
motions between 1750 and 1770 as the basis for computations of the
lunar distance elements of nautical almanacs and ephemerides. In this
context, it is important to remember that in 1765 Tobias Mayer received
a posthumous reward for his lunar tables. To achieve an accuracy of
half a degree of longitude, as specified by the Longitude Act, the tables
had to be able to give the ecliptic longitude of the Moon to within one
arcminute.
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Less well known than the award to Mayer's widow is a letter (in
English) dated 11 April 1765 from Alexis Clairaut to John Bevis, claiming
an equal part of the reward.3® Clairaut was generally known neither for
his involvement in the development of nautical astronomy nor for his
commitment to improving navigation. His letter, however, claimed that
his lunar tables were superior to Mayer’s. There was some history to
this work. Despite repeated efforts, Newton had failed to formulate a
complete theory of the Moon’s motions, leaving to later mathemati-
cians and astronomers the task of solving by approximation the three-
body problem; that is, the Keplerian problem of the motions of two
celestial bodies, but also taking into account the perturbations caused
by a third body. In fact, this problem has no analytical and exact solu-
tion. It can be solved only by successive approximations, the theory of
perturbations. The Moon'’s ecliptic longitude is determined by the addi-
tion of terms that appear as smaller and smaller corrections to the ellip-
tical Keplerian orbit. Beginning in 1743, Clairaut, Euler and d’Alembert
developed such a theory in an atmosphere of intellectual competition
and rivalry over the motions of both the Moon and comets.3°

But how did these geométres construct the tables from which astron-
omers might compute navigational terms and, most importantly, the
lunar distances published in nautical ephemerides? Moreover, how did
astronomers correct or adjust the theoretical computations of the Moon's
position against observed lunar positions? Eighteenth-century geome-
tres, mathematicians and/or astronomers had very different, and often
unequivocal, opinions on these questions. On one hand, some argued,
tables could be obtained only from theory. On the other, it seemed neces-
sary to make corrections of the Moon’s position by reference to prac-
tical observations: the theory was modified, for example, with a term
obtained from the computation of the mean of O — C (observed minus
computed). In other words, the result was empirical. Clairaut developed
his tables with 22 terms obtained theoretically; Mayer developed his
with 26 terms corrected from observations.

The divergence between theoretical and empirical developments in
celestial mechanics seems to have begun when Bouguer wrote of the
empiricism of Mayer’s lunar tables in 1754. For Bouguer, the correction
of theoretical terms by means of observations could only be a short-
term solution and was intellectually unsatisfactory. Clairaut followed
the same line, which he repeated in his letter to Bevis:

as I have done it by the meer theory, it is to hope that their agreement
with the observations will hold more constantly than that which is
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grounded upon an empirick method, which may be good for a time
not very distant from the observations made use of in the confection
of the tables, and disagree afterwards.*°

For Clairaut and d’Alembert, correcting lunar tables by observation was
not the correct way to develop lunar theory:

We can even observe that in the equations M. Mayer uses for his
tables, the values of the coefficients are not exactly the same as those
he extracted from theory; from which it would appear that the tables
of M. Mayer were partly drawn up from observations, by a sort of
trial-and-error method, combined with the principal results derived
from theory.*!

Leonhard Euler wisely noted in 1765 that the three-body problem was
highly complex and that mathematicians needed time to complete the
project; it was premature to argue about it. Even when Euler’s son, Johan
Albrecht, wrote in 1766 that Clairaut and Mayer'’s lunar tables were
sufficiently accurate for calculating lunar distances, he added that the
problem was still not solved; the necessary approximations and theory
remained incomplete.

A number of French astronomers helped Clairaut with his calcula-
tions; apparently, both he and d’Alembert disliked number crunching.
Delisle performed the calculations for the lunar tables published in
1754. In 1763-64, Bailly, Jeaurat and Pingré did the same for the second
edition of Clairaut’s theory of the Moon’s motions (Saint-Petersburg,
1765) and for the 1764 annular eclipse of the Sun. Clairaut’s and Mayer’s
lunar tables were also tested in 1764, based on their predictions of an
annular eclipse of the Moon on 1 April. Mayer’s tables suggested that the
eclipse would not be seen in Paris, Clairaut’s that it would. Clairaut won
this test, since the eclipse was indeed observed in Paris. The astrono-
mers Cassini III, Bailly and Pingré subsequently recommended that the
Académie compute the lunar elements published by Lalande in the CDT.
These had been based on Clairaut’s tables, considered as ‘pure’ theoret-
ical tables. One also can understand the rejection of Mayer’s tables by
some French astronomers, Lacaille and Lalande aside, in the light of his
failure to answer Lacaille’s (and d’Alembert’s) challenge to explain the
fundamentals of his theory of lunar motion.*

Most French astronomers defended and used Clairaut’s lunar tables
until the late 1780s. Edme-Sébastien Jeaurat began comparisons between
Clairaut’s and Mayer’s tables in June 1759, completing major studies for
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1759, 1764, 1776-79, 1780 and 1781-82, the last two also performed by
Cornelier-Lémery. In the first three studies, Clairaut’s lunar tables came
out well: the discrepancies of the errors (O — C) were similar to those of
Mayer’s tables. Both sets of tables proved to be accurate, with a mean
error about one minute of arc for the ecliptic longitude of the Moon. At
the beginning of the 1780s, however, Jeaurat and Lémery pointed out
that the discrepancies in Clairaut’s lunar tables were increasing because,
unlike his rivals, Clairaut had not included the secular acceleration of
the Moon. Subsequently, Lémery mainly used Euler’s tables, computed
from his second theory of the lunar motions, until the beginning of the
nineteenth century, when the tables of Bouvard, Biirckhardt, Damoiseau
and Plana, which were all based on Laplace’s celestial mechanics, super-
seded them.*

Conclusion

The development of theories and practices for finding longitude at
sea by lunar methods followed different courses in Britain and France
in the mid-eighteenth century. British astronomers mainly focused
on Halley’s methods for lunar distances until the publication of the
Nautical Almanac in 1767. French astronomers, by contrast, were aware
of Jean-Baptiste Morin’s methods and explored them in the 1740s and
1750s. From the 1750s, there were also attempts in France to develop
and adapt ephemerides and nautical almanacs for the needs of seafarers.
Lacaille played an important and significant role in this. He developed
the lunar distance method and gave a model for a nautical almanac
containing pre-computed angular distances between the Moon and a
bright star every three hours. His works were a source of inspiration for
Maskelyne in Britain.** Lalande promoted Lacaille’s graphical method
in the Connaissance des temps. Not fully explained, either by Lacaille or
by Lalande, this method was tried and discussed by Maskelyne during
his sea trials, but was abandoned. Nevertheless, the need expressed by
Lacaille to develop simplified methods for ‘ordinary sailors’ began to be
met by Jérdme Lalande and abbé Alexis Rochon at the end of the eight-
eenth century.

Nevil Maskelyne had certainly read Lacaille and Lalande by the start
of the 1760s. But what did he know of Le Monnier and Pingré’s attempts
to produce the Etat du Ciel ephemeris? What did he know of French
debates on longitude? And what influence did they have on Maskelyne’s
own thinking about these problems and their solutions? Maskelyne’s
journal of his voyage to St Helena in 1761 offers some evidence.
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On page after page, his work shows knowledge of celestial mechanics,
mainly from Clairaut’s early works and Mayer’s 1755 tables, and draws
from them every element concerned with the problem of determining
longitude at sea: angular distance, clearing for the effects of parallax
and refraction.*® Maskelyne had clearly read Lacaille and Lalande in
the Connaissance des temps, as well as Bouguer’s Nouveau traité de naviga-
tion as revised and expanded by Lacaille in 1760. The Nautical Almanac
appears, therefore, to be an adaptation of the French ephemeris and a
realization of Lacaille’s earlier proposals for a nautical almanac. The full
extent of what Maskelyne owed to Lacaille, however, has yet to be fully
explored.
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The Bureau des Longitudes: An
Institutional Study

Martina Schiavon

Et voila donc la chose la plus capricieuse du monde, voila donc
le sentiment le plus éminemment mobile, qui n’a de prix que
par ses inspirations chatouilleuses, qui ne tire son charme que
de la soudaineté des désirs, qui ne plait que par la vérité de
ses expansions, voila I'amour, enfin, soumis a une régle monas-
tique et a la géométrie du bureau des longitudes!

Honoré de Balzac, 1829!

At the beginning of the nineteenth century, the novelist and playwright
Honoré de Balzac, a fine illustrator of French society, set out the popular
image of the Bureau des longitudes: an institution created to control and
govern everything, from the physical to the emotional.? With extraor-
dinary lucidity Balzac described one of the principal ambitions of nine-
teenth-century science, which, to use the words of Ernest Renan, was to
‘organize humanity scientifically’.> Writers, philosophers and educators,
as well as men of science, were confident that science would be the tool
to explain and understand the world.

Created in 1793, the Bureau des longitudes was concerned with scien-
tific and technological practices, being a place to study and recognize
the rules for the management of physical observation. The title ‘bureau’,
or office, reveals the utilitarianism of the revolutionary period, as with
the Bureau de consultation pour les arts, which, during its existence
from 1791 to 1796, rewarded artisans for ‘their discoveries and their
works in useful arts’.*

In the 220 years since its foundation, the Bureau des longitudes has
seen many transformations while maintaining its function as a significant
scientific and technological institution: a privileged and independent
place to supervise the development of French science and technology.®
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Yet no comprehensive history exists that shows us how, starting from a
navigational problem, the Bureau came to embrace many branches of
science and their application, from astronomy, metrology, geodesy and
celestial mechanics to earth sciences and, more recently, space science. A
history of the Bureau can also offer a new understanding of the develop-
ment of French science and technology. More broadly, it can propose a
new way to understand how science, from the French Revolution to the
Third Republic, continued the process — started in the second half of the
seventeenth century — of becoming autonomous and, by establishing its
own rules, a kind of institution.

After presenting the Bureau’s exceptional archive, which will soon be
digitized, the principal aim of this chapter is to explore the changing
role of the Bureau des longitudes and allied practices as a basis for a
more complete history of this institution.

An archive

The principle sources for a study of the Bureau des longitudes are the
minutes (proces-verbaux) of its meetings. The secretaries of the Bureau
wrote the minutes (typewritten from the early twentieth century),
which detail discussions during meetings, incoming and outgoing corre-
spondence, the election of new members. The minutes also include the
subjects to be examined in the Bureau’s publications: the Connaissance
des temps and the Annuaire du Bureau des longitudes from 1795; the
Annales du Bureau des longitudes from 1877 to 1949.% They also docu-
ment recommendations made or questions addressed to government
bodies and responses to questions posed directly by the minister. For
the period 1795-1932, the minutes comprise about 28,000 documents,
bound into 28 volumes. These include unedited letters, scientific and
technical papers received from or written by members, and preparatory
studies submitted for the consideration of the Bureau prior to possible
publication. The minutes also provide information on scientific expedi-
tions organized by the Bureau in France and abroad.

These documents form a set of unedited manuscripts of exceptional
historical interest that allow us to study the activities and the evolu-
tion of the Bureau, via the discussions and exchanges of its prestigious
members, over more than two centuries. With regard to its membership,
it is important to note that between 1795 and 1854 the Bureau met at
the Observatoire de Paris, in the city centre. After the separation of the
Bureau and the Observatoire in 1854, the Bureau was moved, from 1875,
to the Institut de France, 23 quai de Conti.” This strategic position in the
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centre of Paris made it easy for members to attend meetings. From the
beginning of the nineteenth century, its members were men of science
and naval and military officers, chosen from the mathematical sections
of the Académie des sciences (the officers principally came from the
‘geodesy and navigation section’), and recognized ‘artistes’ or precision
instrument makers. The central location also allowed members of the
Bureau to keep in direct contact with government departments, notably
the Ministere de la Marine and the Ministere de la Guerre, and to attend
meetings of other important scientific societies, such as the Académie
des sciences, the Council of the Observatoire de Paris (not far from
the Institut de France) and the Société francaise de physique, located
inside the building of the Société de 'industrie pour I’encouragement
nationale, 4 Place Saint-Germain-des-Prés (just behind the Institut). The
proximity of these scientific and administrative institutions allowed free
and easy circulation of men, practices and technology.

Historians of science and technology have generally neglected the
long-term history of the Bureau. An exception is the study by Jean-
Marie Feurtet, although it is limited to 1795-1854.% In general, histo-
rians have given too much importance to the period during which
the Bureau directed the Observatoire de Paris (1795-1854), and too
little to its subsequent autonomous existence. To consider the Bureau
secondary to the Observatoire means accepting the biased histories of,
for example, Urbain Le Verrier or Guillaume Bigourdan. According to Le
Verrier, membership of the Bureau offered a well-recompensed job for
little intellectual work. This view, however, demands context: Feurtet
has shown that from October 1853, after the death of Francois Arago,
Le Verrier tried to take over direction of the Observatoire. To realize his
plan, he had first to close down the Bureau. Thanks to the credibility
he had acquired within the scientific community for his discovery of
Neptune, and because of his close links to government, he was able to
question the utility of the Bureau and attempt to have it dismantled. He
didn’t succeed but, after a commission was appointed to investigate, the
Bureau was separated from the Observatoire in 1854.° Further studies
have shown that after 1854 the Bureau provided a centre for opposition
to Le Verrier’s directorship (or ‘dictatorship’) of the Observatoire.'? If we
follow Le Verrier’s claims, our image of the Bureau is of a declining insti-
tution, a sort of duplication of the Académie des sciences or, in Crosland’s
words, a set of sinecures.!! This view suggests poor administration by
the French government, which might recompense its experts twice —
from the Bureau and from the Académie — for their work. As Feurtet
has observed, this encourages an image of science as a game of winners



68 Martina Schiavon

and losers, in which the Bureau figures as the loser.!? When considering
the conflict between Le Verrier and the members of the Bureau, his low
opinion of the Bureau’s work is not surprising, but it would be a sin of
historical anachronism to think that the Bureau served no real function.
In fact, the great variety of actors who attended the Bureau and the tech-
nical subjects studied within it had, in many cases, a direct role in the
administration of state, in the control and development of its economic
activities. To demonstrate this, it is sufficient to consider the develop-
ment of computation studies for the publication of ephemerides, which
would also serve state administration and control.!?

Another problematic source is Guillaume Bigourdan, who, around
1920, wrote a history of the Bureau to 1854.1* Bigourdan did quote some
documents that have since been lost, but he gave too much importance
to the direction of the Observatoire, with the Bureau figuring merely as
a prism through which to view the other institution.!> However, when
the Bureau became independent from the Observatoire, it found its
own position within the context of France’s existing scientific and tech-
nical institutions. Feurtet shows clearly the potential and richness of a
historical study centred on the Bureau’s minutes. However, he does not
cover the period after 1854, despite its importance in the context of the
rivalry between Le Verrier (at the Observatoire) and the astronomical
members of the Bureau. After 1854, some members of the Bureau sought
to develop its role, among them Hervé Faye and Captain Francois Perrier,
who progressively involved the Bureau in an international program of
geodetic studies.!®

Some historians have considered the Bureau des longitudes as a tech-
nical service offered to the state.!” Certainly, almost until 1932, the
Bureau had its place in the history of scientific and technical expertise
in France and was a central location for the administration of French
science and technology. The opportunity now is to study the Bureau as
an independent institution with its own processes and practices.

On the creation of the Bureau des longitudes: comparing the
French and British boards

The success of the English at different times, especially during the war
of 1761, has sufficiently shown that naval superiority often decides
the outcome of war. One of the most effective ways to stifle British
tyranny is to deploy the means by which this state, which previ-
ously played only a secondary role in the political order, has become
a colossal power. Now the English, wholly convinced that without
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astronomy there could be neither commerce nor navy, have spent
incredible sums to push this science to the point of perfection.!8

On 25 June 1795, abbé Henri Baptiste Grégoire, Représentant du peuple
at the French national assembly, could not have employed a bolder
image to provoke the creation of a board of longitude. His rhetoric was
clear: he evoked one of the worst maritime disasters to befall the French
Navy during the Seven Years’ War against Britain, after which France lost
its possessions in southern India (and even Dominica in the Caribbean).
He proposed to reinforce astronomy via the creation of a French board
of longitude. There was a degree of misunderstanding of the image
of the British board in France (and perhaps vice versa): it is unlikely
that astronomy would have had any effect on this disaster, or that it
underpinned Britain’s success. Grégoire’s argument, however, was not
completely wrong. Looking at the French context, the creation of the
Bureau des longitudes seems like a pretext to enable the reassembling of
scientific expertise after the closure of the Académie royale des sciences
in 1793. In fact, apart from its analogous name, the French Bureau was
quite different from the British Board.

Before the period of co-existence of the two boards, the British one was
a group of Commissioners of Longitude. It was only later that it became
an institution or established body with its own rules and regular admin-
istration. This eventually happened with the appointment in 1765 of
Nevil Maskelyne as Astronomer Royal and Commissioner of Longitude.
Maskelyne became editor of the Nautical Almanac and Astronomical
Ephemeris, giving him a defined role within the Board. Moreover, the
same officials now met regularly, and the Commissioners became known
as the Board of Longitude.?

The French and British boards coexisted between 1795 and 1828.
Recent studies have shown that the Bureau was not simply an imita-
tion of the Board, and that, particularly in the last decade of the Board's
existence, their mutual influence was significant.?’ At the Bureau, meet-
ings were always regular because its tasks included direction of the
Observatoire de Paris and publication of the Connaissance des temps
(which had been edited, before its dissolution in 1793, by the Académie
royale des sciences) and the Annuaire du Bureau des longitudes (which
functioned to regulate the Republican calendar and other questions
of state importance, such as the diffusion of the metric system).?! The
commissioners of the Bureau met weekly and received a salary from the
French government. The Bureau was, therefore, a scientific ‘institution’
from its foundation. After the 1793 dismantling of the Académie, the
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Bureau had to test political reaction to the creation of a savant assembly.
It was conceived as a small academy: an intimate and decisive place of
power to manage the Observatoire de Paris. Unlike the British Board, the
Bureau took on an administrative role. It also underwent a very different
evolution and a continuing existence. A crucial element to study, there-
fore, is the way in which its members managed to build a strong alliance
between astronomy and activities that helped define nineteenth-cen-
tury science: geodesy, cartography, study of precision instruments and
geosciences.??

An institutional project

The Bureau des longitudes was conceived as a scientific institution and
this probably represents the most striking difference from the British
Board of Longitude. From a historical point of view, it is not easy to
give a precise definition of a scientific institution, since this depends on
period and context. However, we can start from a vague definition of an
official place in which one can practise science (even if the definition
of science is likewise variable). It is clear that the Bureau never lacked
political authority: as discussed, it was the re-establishment of a smaller
Académie and its members received a salary from the government for
attending meetings and providing expertise.?® This political authority is
probably the strongest feature of the Bureau (compared to the Board),
and was never called into question in the French context, even during
the many attempts to dissolve it. The Bureau was also a social system
with its own rules, as in the practices and usages shared by its members.
In addition, ‘institution’ can indicate a system of tacit rules, and even
beliefs and behaviours, as well as signifying that its members had rela-
tive autonomy and could reproduce scientific practices over time.?*
The evolution of the Bureau came about through four acts of parlia-
ment. The first was the Law of 1795, which established its composition
at ten members and four ‘astronomes adjoints’. Then came the decrees
of 1854 and 1862, which raised the membership to 13 (with the notable
addition of one each from the Ministére de la Guerre and the Ministere
de la Marine) plus one titular and two non-titular ‘artistes’ (precision
instrument makers) and two more ‘membres adjoints’. The decree of
1874 then decreased the titular members to nine (the member from the
Ministere de la Guerre was retained while that from the Ministére de la
Marine became a ‘membre adjoint’), with four ‘membres adjoints’ and
three non-titular ‘artistes’. The final act of parliament was the current
decree of 1970, with 13 titular members (three from the Académie des
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sciences, nine whose work relates to astronomy or earth sciences and
the environment and one ‘artiste’ specializing in the study of scientific
instruments), 32 corresponding members (who may be foreign) and an
unspecified number in extraordinary service representing various activi-
ties within the Bureau.?

Although the Bureau was periodically under threat, as it was in 1854,
the legislation demonstrates that it maintained a strong institutional
character. This is evident from the direction of the national ephemeris;
the provision of expertise and counsel to the state; the redefinition of
its operational researches from navigation to geodesy, metrology, earth
sciences and, later, space sciences; the strong influence of naval and mili-
tary men; and close ties with the political and scientific worlds. These
characteristics are crucial in the sense that the Bureau’s broad range of
functions may have helped to secure, in the long term, its uniqueness
among the existing scientific institutions.

A comprehensive historical study of the minutes of the Bureau will
test this working hypothesis, focusing particularly on periods of crisis
in which the Bureau was obliged to ‘renew’ its remit; for instance, in
1854-70, after separation from the Observatoire and under the influ-
ence of a group of members coordinated by Hervé Faye.?¢ In fact, it
was precisely during times of crisis that members freely discussed the
meaning of doing science, the significance of being a place of exper-
tise for the state and the need to be an authority in scientific matters.
Because the proposed study will cover a long period (1795 to 1932), it
will be able to study the institutional evolution of ‘science’ as practised
within the Bureau, between informal patterns of sociability, networking
and patronage and professionalization (and internal conflict). Finally, it
will uncover the reciprocal influences between science and its different
external manifestations, be they social, practical, technical, economic,
cultural or even political.

A meeting place for science, the military and arts

Between the eighteenth and twentieth centuries, the Bureau des longi-
tudes played a leading role in the organization and development of
astronomy and celestial mechanics in France, in the adoption of the
metric system, in the definition and implementation of time-scale refer-
ences, and in the transmission of time signals. The Bureau also played
a crucial intermediary role between government and science, in the
sense that it was the promoter and organizer of important geodetic
and astronomical expeditions, including those to observe solar eclipses
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and transits of Venus and to measure a meridian arc. In addition, it
played a decisive role in the promotion of maritime exploration and
the creation of astronomical observatories in France and overseas.?” The
Bureau kept in close contact with the Bureau international des poids et
mesures to develop research on metric standards. Its action was essential
in spreading the use of the French unit of measurement of length, in
metrological questions, and in the establishment of a national measure-
ment system. In 1919, it played a decisive role in the creation of the
Bureau international de ’'Heure to unify world time.?8 Between 1795 and
1932, the Bureau was a scientific and technical institution that played
an essential role in supplying expertise and counsel to the government;
it was the international voice of French science and technology.

The first committee of the Bureau des longitudes comprised ten
members: two geometers, Pierre-Simon de Laplace (1749-1827) and
Joseph-Louis Lagrange (1736-1813); four astronomers, Joseph Jérome
Lefrancois de Lalande (1732-1807), Jean-Dominique Cassini (1748-
1845), Pierre Méchain (1744-1804) and Jean-Baptiste Joseph Delambre
(1749-1822); two former navigators, Jean-Charles de Borda (1733-99)
and Louis Antoine de Bougainville (1729-1811); a geographer, Jean-
Nicolas Buache (1741-1825) and an ‘artiste’ (astronomical instrument
maker), Simon Noél Caroché (1767-1813).

Over time, the Bureau was attended by an assembly of prestigious men
of science selected from the mathematical sections — astronomy, geog-
raphy and navigation - of the Académie des sciences (Arago, Jean-Baptiste
Biot, Le Verrier, Faye, Joseph Liouville, Henri Poincaré, Louis Claude de
Saulces de Freycinet, Charles-Francois Beautemps-Beaupré, Jean Jacques
Anatole Bouquet de La Grye, Jean-Baptiste Philibert Vaillant, Francois
Perrier, Léon Bassot, Robert Emile Bourgeois, among others) who were
also naval and hydrographic officers, artillery men and geodesists. From
1795 to 1932, the Bureau was, therefore, the meeting point of French
science, industry, navy and army: as a place of variable geometry, its
contribution to the development of science and technology urgently
calls for study.

Although the biographies of the majority of prestigious scientific
members of the Bureau are in many cases well acknowledged,?® we do
not yet know what kinds of collaboration and exchanges took place
with naval and military officers, nor with the artisans admitted as
members of the Bureau. The artisans’ membership is important and
peculiar to the Bureau. Caroché was the first of a series of 20 ‘artistes’
operating within the Bureau from 1795 until 1946, including not just
chronometer-makers, but also precision instrument makers. They
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include Henri Gambey (nominated in 1831), Louis Bréguet (nominated
in 1843, becoming president of the Bureau in 1852), Jules Carpentier
(nominated in 1897), Amedée Jobin (nominated in 1910) and others.3°
In France, in 1795, the admission of artisans into the French institution
was not controversial. Of course, this does not mean that in Britain or
in Germany instrument makers were not considered crucial to scientific
enterprise. The members of the British Board, for instance, questioned
whether the rational principles of experimental natural philosophers
could reproduce the knowledge of skilled artisans. Thus in 1766 the
Board asked John Bird to reproduce in writing his method of manufac-
turing astronomical instruments,®' and in 1779, Joseph Banks created
the Glass Committee to study and reward new methods for the produc-
tion of flint glass for achromatic telescopes. Nevertheless, artisans (who
could enter the Royal Society) were not appointed as Commissioners of
Longitude.3? Focusing on a comparative and long-term study of artisans’
membership of the Bureau, we could understand their changing status
over time and in particular contexts. For instance, in Germany (Bavaria),
the question of admitting artisans as members of the Royal Academy
of Sciences in Munich was debated during the 1820s. Even though
universally recognized for his manufacture of astronomical instruments,
Joseph von Fraunhofer never enjoyed the privileged status of experi-
mental natural philosopher. In Bavaria, Jackson has shown, artisans
were rarely granted the status of experimental natural philosophers and
were rarely admitted into scientific institutions, for three reasons. First,
the importance of secrecy to the artisanal trade was seen as anathema
to German savant society, whose members prided themselves on the
openness of scientific knowledge. Second, craftsmen were members of
a commercial nexus and financial interests could be seen as tainting
their work. Third, savants thought that artisans only manipulated pre-
existing materials and did not create anything: in this sense, artisans
were slaves of craft rules, which were considered the antithesis of crea-
tive and scientific knowledge.3?

The question also concerns what science is. Joseph von Baader and
Julius Konrad Ritter von Yelin criticized not only artisanal knowledge as
insufficiently creative to be considered scientific knowledge but also the
fact that Fraunhofer was not university educated. Baader continued by
emphasizing that Fraunhofer had never attended a Gymnasium: ‘The
Academy must not become a corporation of artistes (Kiinstler), factory
owners (Fabrikanten), and artisans (Handwerker)’.>* Another notable
point in Jackson’s study is the particular position of Johann Georg
von Soldner, the scientific director of the Bavarian ordnance surveying
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project and director of the Royal Observatory at Bogenhausen, near
Munich. Soldner, who had contributed to the theory and practice of
astronomy and geodesy, tested Fraunhofer’s achromatic telescopes for
his observatory in 1818. He then defended Fraunhofer’s admission to
the Bavarian Academy, deliberately using his name in the same sentence
as Newton: ‘I consider this discovery of Fraunhofer’s [the exact measure-
ment of solar spectrum] to be the most important one in the area of
light and colours since Newton’.35

Fraunhofer’s example is important as a further comparative study
of the role of instrument makers admitted into scientific institutions.
In fact, in France the first commission of the Bureau, as proposed by
Grégoire, did not identify an artisan as a member.3® Questions of secrecy
and links to commercial matters seem to have been the real reason for
admitting Caroché as a member of the Bureau. Lalande was interested
in the recipe for flint glass that Caroché had learned during his appren-
ticeship with Alexis-Marie Rochon, director of the Optical Institute in
Passy.3” Caroché was also rewarded many times by the Bureau de consul-
tation pour les arts*® and had visited (with Cassini IV) Jesse Ramsden’s
and William Herschel’s workshops in England in 1788. He was therefore
considered the ideal candidate ‘to replace Herschel in this country’.?
Grégoire himself thought that Caroché represented the prototype of the
ideal savant, poor and ingenious, a model for the French astronomer. In
this sense, the nomination of an artisan could also be linked to a model
of science enlarged to the world of arts as defended by Grégoire, who
also founded the Conservatoire des arts et métiers.*° Moreover, the astro-
nomical community’s admiration of Caroché was sufficient to overcome
the reluctance of some members of the Bureau, Laplace in particular,
who opposed admitting those ignorant in mathematics.*!

The exceptional status Caroché enjoyed until his death in 1813 wasn’t
passive: he found allies within the Bureau among the observers whose
interest in the modification and construction of new telescopes meant
that he offered essential and undisputable skills. This helped justify his
membership.#? Likewise, the progressive involvement of the Bureau in
geodesic questions fostered contact and collaboration between astron-
omers and military officers. Technical problems relating to terrestrial
observations offered a strong argument for collaboration between
officers and artisans, which further reinforced the latter’s membership
in the Bureau.** From Caroché to Amédée Jobin (nominated in 1921),
almost all the ‘artistes’ of the Bureau had direct contact with naval and
military officers regarding nautical problems, terrestrial observations and
other technical matters. This is important for two reasons. Most military
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officers shared an ideal of devotion to the unselfishness of science, to
nation and the public cause (an ideal expressed in Saint-Simonianism);
and this kind of education originated at the Ecole Polytechnique. Most
of the ‘artistes’ admitted to the Bureau shared with officers and scientific
practitioners, throughout the nineteenth century, the same education
at the Ecole Polytechnique. This may explain the privileged relation-
ships between these actors, in particular between officers and artisans.
Encouraging Amédée Jobin, his pupil at the Ecole Polytechnique, to buy
the former Laurent workshop, founded by Soleil in 1813, Alfred Cornu
began the formation of a French optical community.** He explicitly said
that the communication between Jobin and his clients would be easier
because the clients were often his former camarades.*> Even though
Jobin kept his manufacturing secrets and looked for innovation through
friendly contacts, he didn’t seek the large-scale industrial development
of his workshop. He also granted access to his workshop to scientific
practitioners and officers who were directly involved in the production
process. What Jobin looked for, was the prestige of science. Making a
prism astrolabe for an officer or an interferometer for a scientific practi-
tioner rather than binoculars in series, entering a scientific institution or
being admitted to savant societies: this was Jobin’s goal. We can under-
stand how the admission of an artisan to the Bureau helped elevate his
status and inaugurated a particular form of relationship between scien-
tific practitioners, artisans, and naval and military officers that should
be more thoroughly investigated.*® The minutes of the Bureau there-
fore constitute an essential resource to study not only the development
and circulation of precision instruments over the long term but also
the constitution of a French community of artisans whose archives are
dispersed and often overlooked.

Exchanges between actors

One of the principal purposes of studying the history of the Bureau is to
understand its way of working: the forms of sociability and relationships
between its members, and the information on science and technology
they exchanged. The aim is to reconstruct the type of ‘exchanges’ which
took place within the Bureau. What kind of information did members
exchange? How did theoreticians, practitioners, instrument makers and
politicians appropriate theoretical and practical mathematics in ways
that made sense for each profession? Historians know that it can be
difficult to get information on how new proposals and scientific ideas
are accepted and circulated among different actors and professions. It is
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even more difficult to find documents that testify to exchanges between
scientific practitioners and between scientific practitioners and techni-
cians, military and political actors. In the case of the minutes of the
Bureau, we have exceptional archives for such a study. However, the
minutes can only guide us in the historical reconstruction of exchanges.
In fact, because they were addressed to the minister responsible for the
Bureau, the minutes are sometimes too brief, just an abstract of the meet-
ing.*” While in the best examples they name the speaker and the topic
of his contribution, elsewhere quotations are impersonal (‘a member
said’, ‘the board thinks that’). These silences may, however, offer clues
as to which subjects were contentious. Sometimes, the place of discus-
sion was not the Bureau but another scientific institution, such as the
Observatoire de Paris or the Académie des sciences. For this reason, it
would be necessary, when reconstructing exchanges between members,
to compare the minutes with other archives, or even with publications,
to reconstruct the fire of battle. In this sense, the institution is permeable:
the Bureau, in particular, was not a closed place. Although many scien-
tific and technical decisions were made inside it, its members commu-
nicated with the outside. The Bureau served to harmonize conflicts that
often originated elsewhere or to better explain theoretical questions to
technicians (or technical problems to theoreticians), or as a lobbying
platform for science and technology.

The digitized minutes of the Bureau will be invaluable for under-
standing such scientific and technical exchanges, revealing the form
of sociability practised by its members. These exchanges might be oral,
material (papers, technical documents, networks of projects) or even
object-centred. In all cases, the reconstruction of the exchanges shows
us the necessity of comparing the minutes to other archives. Thus, the
minutes allow us to complete existing studies. The Bureau’s archives
show us how to situate not only actors and events, but also moments at
which specific scientific and technical arguments took on significance.
In some cases, we can reconstruct with surprising detail the way in
which different communities might combine or harmonize their points
of view. The unedited documents preserved with the minutes contain,
in some cases, events previously ignored by historians.*® In particular,
the minutes give us the names of secondary actors, such as technicians
and tradesmen, whose contributions were as essential as those of the
‘great names’ with which we are familiar. Through the minutes, the
historian will also have a new way of studying career strategies of math-
ematicians or astronomers.*’ The minutes additionally set up a sort of
map by which historians can reconstruct the rich interactions between
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theoretical and applied astronomy, mathematics and applied math-
ematics. In addition, the extreme richness of the Bureau’s minutes and
the long period they cover allow us to discover new uses for old knowl-
edge. For instance, during the various worldwide geodetic, polar and
oceanographic expeditions, we find essential data for studying climate
change. Comparing today’s agricultural crops with those documented
in 1901-07 during the meridian arc measurement in South America will
offer a strong argument, historical and scientific, for the politics of those
who seek to control the transformation of the territories and propose
appropriate conservation measures.

Conclusion

The minutes of the Bureau des longitudes form an exceptional archive.
Studying them, we can discover the role played by the Bureau and
its expertise in scientific and technical matters, in the organization
and development of theoretical and practical questions relating to
astronomy, earth sciences and navigation. The Bureau played a crucial
role in the development of metrology, celestial mechanics and geodesy,
and organized and supported many scientific expeditions all over the
world. Several studies have examined these questions, but they have
rarely connected the Bureau with them. In general, such studies have
not shown the Bureau’s central role as coordinator and promoter of
scientific enterprises at a national and international scale. The current
research project on the Bureau will study these various subjects through
the prism of this institution.

A key point will be the comparison between the Bureau and the Board
of Longitude in the period of their coexistence.’® However, as sketched
in this chapter, the comparison could go beyond this period. We need to
compare in particular the personalities of Airy and Le Verrier in order to
transcend the obstacle of their historiographies.! The two astronomers
knew each other and, as directors of two important observatories, agreed
in the need to organize them strictly.> They had a similar discourse on
the non-utility of their respective boards. Airy stated, ‘there certainly
was no use in maintaining the Board any longer’.>® Meanwhile Le Verrier
simply hated the Bureau because of its control of the Observatoire de
Paris. Considering the discussions of the commission charged with reor-
ganizing the Observatoire in 1854, it is clear that there was some sort
of confusion between the Observatoire (as scientific establishment) and
the Bureau (as institution and arbiter in scientific matters).>* Likewise,
Le Verrier thought that the status of the Bureau was inappropriate with
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regard to the provincial observatories: he recalled in 1864, ‘as to the
provincial observatories, using the picturesque expression of the astron-
omer Zach, [the Bureau has] toppled [them] completely’.>®

It is also clear that, their similar names aside, the Bureau des longi-
tudes and the Board of Longitude were very different. From its founda-
tion onwards, the Bureau maintained an interest in the popularization
of astronomy,® in instrumental questions (one consequence being
the admission of artisans as members), in integrating and studying
the question of computation in astronomy (in Britain the question
of the computation of the Nautical Almanac was separate from that of
astronomical computation more generally).5’

Lastly, the two boards evolved very differently. In France a key
moment was 1854, the date of the separation of the Bureau from the
Observatoire. Claiming a permanent director for the Observatoire, Le
Verrier nearly eradicated the raison d’étre of the Bureau. However, some
members realized that it had to be maintained, among them marshal
Vaillant, who proposed placing the Bureau under the control of the
Ministeére de la Marine. In the meantime, he affirmed that when sepa-
rated from observatory astronomy, the Bureau could devote itself to
tasks of practical utility, above all in navigation and geodesy. Biot, by
contrast, wanted the Bureau to become the pinnacle of astronomy in
France. Even though astronomy always assumed Parisian centrality, it
is clear that the principal question was how to think about the Bureau
once it was detached from the affairs of the Observatoire. In the end, the
question was what the Bureau as an independent scientific institution
might be. Answering such questions took time. The Bureau seems to
have become such an institution under Faye, around the 1860s, when
it was assigned the task of promoting certain branches of science and
their applications — not only navigation and celestial mechanics but
also geography, astronomy, geodesy and earth sciences. The role of the
Bureau was also assured in the design and construction of new astro-
nomical instruments, in giving assistance to travellers, geographers and
sailors instructed to undertake scientific observations, and in testing
their instruments. Considering Faye’s views on science and in particular
his interest in practical astronomy and geodesy, it seems clear that the
Bureau offered him the ideal place and the means to realize his personal
projects.>®

Just before the dissolution of the Board of Longitude, there had been
similar moves in Britain regarding geodesy and earth sciences, instru-
mentation and the development of international astronomy. We can
imagine that an analogous revival might have taken place there; for
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instance, from the work of Edward Sabine. The interest and develop-
ment in the matter of geodesy, astronomy, navigation, earth sciences,
and instrumentation were the same: it might have been possible to reor-
ganize the Board. However, this was not the case. One could certainly
ask why.

The comparative study of the minutes of the Bureau and the Board will
surely help answer such questions. The comparative study of particular
personalities will also help in understanding how Faye managed to renew
and transform the Bureau within the national context of antagonism to
Le Verrier’s dictatorship and the international context of competition in
science and technology. This leaves the reader with intriguing questions,
but clearly shows that the minutes of the Board of Longitude and of
the Bureau des longitudes offer extraordinary archives for comparative
research. Those of the Bureau also detail, over many years, the nature of
its activities as an international scientific institution.
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Patriotic and Cosmopolitan
Patchworks: Following a Swedish
Astronomer into London'’s
Communities of Maritime
Longitude, 1759-60

Jacob Orrje

On 15 July 1759, Bengt Ferrner was a long way from home. The Swedish
astronomer was touring Europe and had just arrived in London. In his
travel journal, he professed to being shocked and bewildered by the
chaotic city life: the area around Leadenhall Street, where he arrived, was
nothing like he had imagined the city. Ferrner — a man who repeatedly
praised orderly and well-arranged structures in his journal — considered
the streets crowded, intricate and hard to navigate. He likened the King’s
Arms tavern, where he disembarked, to a den of thieves.! Nonetheless,
he would stay in Britain for over a year and soon took an interest in the
city’s scientific communities as well as its theatre, music and industry.

Ferrner — like any true stargazer — was very much an observer and spec-
tator. In London, he frequented the theatre houses of Covent Garden and
Drury Lane, listened to operas at Haymarket and attended concerts.? He
also watched theatrical displays of science. He described the loud bangs
and dramatic effects generated by the electrical experiments of Edward
Nairne, as well as his disappointment at the display of a fire hose that
did not meet the audience’s expectations. He paid to see marvels too: a
very tall woman and a living crocodile from the Nile.? But Ferrner was
not primarily a curious spectator of the marvellous and dramatic. One of
his main interests was naval science in a broad sense — conducted in the
intersection between astronomical observatories and the maritime world
of naval academies and dockyards. His journal contains extensive informa-
tion about what was happening in this field.
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When Ferrner visited Britain, Europe and its colonies were engulfed in
the Seven Years’ War (1756-63). The war was a struggle for control of the
North American colonies, and largely took place on the seas. The British
navy was fully mobilized and Ferrner had many opportunities to study
the relationship between science and navy.* The Swedish astronomer
also arrived in the midst of another conflict: that between proponents of
different methods for determining longitude at sea. In the centre of these
events were the British Admiralty and the Board of Longitude, created
under the Longitude Act of 1714, which oversaw rewards up to £20,000
for a sufficiently accurate method. Apart from naval officers, the Board
included the President of the Royal Society, the professors of astronomy
at Oxford and Cambridge, the Astronomer Royal and the Speaker of the
House of Commons. Maritime longitude was an issue of great concern
to the political and commercial interests of the British state.’

The astronomers, mathematicians and instrument makers who dealt
with the Board were hardly a homogeneous community, and there were
different approaches to solving the longitude problem. Dunn and Higgitt
identify a number of contending solutions: by rockets, magnetic variation
and inclination, eclipses of Jupiter’s satellites, the Moon’s movements and
by comparing a ship’s local time, found by celestial observation, to the time
at a place of known longitude kept by a precision timekeeper.® In 175960,
John Dollond was perfecting the achromatic lens, which was central to
exact astronomical observations. Meanwhile, astronomers were working
on celestial solutions to the problem and John Harrison was preparing his
sea watch (‘H4’) for its first sea trial. In London, Ferrner encountered these
men working on celestial and mechanical solutions to maritime longitude,
and repeatedly wrote of his encounters in his journal.

After his death in 1802, Ferrner was described as someone who ‘had
seen several kinds of people, courts and nations,’ and who ‘knew his
way around in all sorts of social circles’.” These social skills are evident in
Ferrner’s journal. He met and discussed navigational issues with almost
everyone who was anyone, noting their answers in his travelogue. His
journal thus gives a stranger’s perspective on a crucial time in naval science
and astronomy in Britain. Ferrner moved relatively easily between taverns,
workshops, observatories and naval bases. However, in order to enter these
spaces, Ferrner needed to use a wide array of contacts and resources.

Bengt Ferrner was both a travelling spy and a man of science: he aspired
to participate in the scientific communities of London and to learn of
British technological and scientific developments for the benefit of the
Swedish state. Similarly, the men he interacted with were correspond-
ents of a Republic of Letters, yet also involved in matters of importance
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to the British state by virtue of the Longitude Act. Because of this double
nature of Ferrner’s visit and the research he observed, his journal makes
an ideal case study of the frictions between patriotic and cosmopolitan
ideals in eighteenth-century navigational sciences. How can one write a
European history of research such as that on maritime longitude, which
national interests drove to such a high degree? By studying how Ferrner
simultaneously adopted national and cosmopolitan identities in order to
make and circulate navigational knowledge, I aim to integrate national
stories of longitude research into a larger transnational one.

Ferrner on naval power

Bengt Ferrner (Figure 6.1) was born in 1724, just a few years after the
end of the Great Northern War (1700-21). In the aftermath of its mili-
tary defeat and the death of Karl XII, Sweden had been reformed into a
constitutional monarchy with a weak king and strong parliament. The

Figure 6.1 Bengt Ferrner (1724-1802), oil painting, by Jean Hugues Taraval,
1762. Photo: Erik Cornelius/Nationalmuseum Sweden



92 Jacob Orrje

new government adopted a policy of economic betterment, according
to which the loss of provinces during the war was to be compensated by
improving Sweden’s remaining possessions. Improvement, according to
the cameralist logic of the time, came through a state-governed effort
to improve domestic mining, agriculture and manufacture, and by
maintaining a positive balance of trade. The natural sciences, including
astronomy, played an important part in these efforts.®

As shown in other contributions in this book, a wide range of European
states and empires took an interest in maritime longitude. Sweden's
faltering Baltic empire was no exception. Whereas the Swedish state had
no regular institution analogous to the British Board of Longitude or the
French Bureau des longitudes, solutions to the problem of determining
longitude at sea were discussed repeatedly in a number of forums.
Already in 1710, an Uppsala dissertation presided over by Pehr Elvius
discussed (unsuccessful) magnetic and astronomical solutions to deter-
mine maritime longitude, as well as the various European rewards for
successful solutions. From this time, work on maritime longitude began
to interest Swedish visitors to Britain, including Emanuel Swedenborg,
who visited London in 1710-12.°

By the late 1750s, the Swedish state considered naval reform central
to defence against a growing Russia, and mathematically educated ship-
builders such as Fredrik Henrik af Chapman were engaged at the naval
centre of Karlskrona to construct vessels suitable for the Baltic.! Astronomy
was an integrated part of this naval effort. For example, the astronomical
teaching at Uppsala University in the 1750s contained a course in navi-
gation, and when the parliament of 1755-56 discussed Swedish naval
education, it was decided that the civil director at the new naval academy
in Karlskrona should be a professor of astronomy and mathematics.!!

Ferrner had studied astronomy and mathematics at Uppsala with
Madrten Stromer and Samuel Klingenstierna, and he was part of the
influential astronomical and mathematical networks that introduced
Newtonian science into Sweden.!? Consequently, he became a junior
member (dmnessven) of the Swedish Royal Academy of Sciences in 1748,
at the age of 24, and three years later became the practical astronomer
at Uppsala.!® Through the help of Stromer, Ferrner was appointed to the
position at Karlskrona on 5 November 1756.1* In order to attain this posi-
tion, in the autumn of 1756 Ferrner and Strémer held two lectures at the
Swedish Royal Academy of Sciences on the relation between astronomy,
navigation and state power. First, Ferrner held an address on ‘Naval
power’, in which he discussed the relationship between astronomy,
navy and state using examples from great ancient and modern European
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empires. Ferrner argued that for most empires ‘strength at sea’ was ‘the
correct thermometer, by which one should judge their power’. He
argued, therefore, that astronomy and mathematics, if applied to navi-
gation, could restore Sweden to its former greatness.!> In his response to
Ferrner’s address, Stromer again stressed the importance of the relation
between the sciences and naval power. He also conveniently proposed
that Ferrner was the appropriate man to cultivate this relationship.!®

Two months later, Stromer held his own ‘Address on the connection
between astronomy and navigation’. Unlike Ferrner, Stromer argued for
a reciprocal relationship between astronomy and navigation: astronomy
was the key to developing navigation, and navigation was pivotal to
the circulation of local astronomical observations, a process by which
astronomical observations were made universally valid. For Stromer,
this patriotic science did not stand in opposition to transnational astro-
nomical projects; instead, he argued that national power depended on
voyages and a transnational circulation of knowledge.!” The fact that
Ferrner and Stromer gained control over the naval academy shows that
influential state officials saw merit in these arguments. It was in the
public interest to promote astronomers and naval academies, as well as
the circulation of instruments, men and knowledge.

Ferrner’s travelogue

Ferrner never took up the professorship at Karlskrona. Instead, in
1758 he accepted an offer from the Swedish industrialist and exporter
of copper Jean Henri Lefebure, to tutor his 22-year-old son Jean on a
European tour. Ferrner kept notes of this tour and compiled them into
a neatly handwritten travelogue when he returned to Sweden. Three of
the original four parts are stored in the National Library of Sweden (the
fourth, on Italy, has been lost) and were published in a Swedish edition
of 547 pages in 1956. The 206 pages of this edition concerning Ferrner'’s
visit to Britain are the basis of this chapter.

As with any form of travel writing, Ferrner’s travelogue is not just
passive description. His writing and editing constitute performances for
a set of audiences, whose expectations also shaped the written text.!®
Therefore, one must think about the journal’s intended audiences and
look to other complementary sources to get a more accurate picture of
his visit to London. While in Britain, Ferrner corresponded with several
members of the Swedish scientific networks of which he was part.
These letters form a second set of sources, against which the journal
can be juxtaposed. Together, the journal and the letters show Ferrner’s
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perspective on everyday life as a foreigner interacting in European astro-
nomical and navigational research in the mid-eighteenth century.'

From the late seventeenth century, many Swedish scholars and civil
servants toured Europe to advance their careers. On their travels, they
collected technical, commercial and scientific information of interest
to Swedish universities and the state bureaus in Stockholm.?° Their
reports were generally short and written in an impersonal, matter-of-
fact style.?! Historians have considered such Swedish travel journals,
including Ferrner’s, to be important sources on eighteenth-century
British technology.?? Written for the Swedish state administration, they
describe industrial sites, processes and machines in detail. Ferrner’s
journal differs somewhat from these technical travelogues: it focuses on
his social encounters as much as on technical details of scientific instru-
ments and industrial sites. Its diverse contents reflect Ferrner’s disparate
interests and the diverse interests of his many audiences.

Of course, Lefebure’s father, who had financed the voyage, was the
most obvious reader of the journal. On his tour, young Lefebure was
supposed not only to fraternize with European high society but also to
visit industrial sites to learn about things that would help him take over
his father’s business. Consequently, Ferrner’s journal mixes accounts of
visits to European political centres with descriptions of provincial indus-
trial sites. If he ever read Ferrner’s journal, Jean Henri Lefebure would
have been assured that he had gotten his money’s worth and that his
son’s experiences had been appropriate for an heir to the family business.
But Lefebure was hardly the only intended reader. As noted, Ferrner was
a member of the Swedish Royal Academy of Sciences. Its astronomers
and mathematicians were another audience interested in Ferrner’s effort-
less and cordial interactions with prominent European men of science.
Ferrner presented himself to this audience as a cosmopolitan member of
a European Republic of Letters, and also a loyal ambassador of Swedish
science who tirelessly promoted his Swedish colleagues.

The journal also reflected the military and naval interests of the
Swedish state. Ferrner, who believed that he would be in charge of the
education of naval cadets after his return, took an interest in new navi-
gational techniques and education during his tour.?® His seemingly
cosmopolitan interactions with European science were therefore partly
motivated by the Swedish navy’s interest in the latest developments in
navigation. Consequently, national and transnational narratives are
intertwined in Ferrner’s journal. Following these threads, one can delin-
eate how Ferrner relied on both patriotic and cosmopolitan identities
when he entered London’s navigational communities.
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Arriving in London

In July 1759, Ferrner and Lefebure stood confused outside the King's
Arms in east London. The two did not stay there long: soon they met
the manservants of Abraham Spalding and Gustavus Brander, two
merchants of Swedish descent who were important players in the
Anglo-Swedish iron trade. At Prince’s Square — in the maritime suburb
of Wapping, east of London - lay a Swedish Lutheran church.?* The
church, funded by the Swedish state, was a social space that glued
together a Swedish migrant community in Wapping. In 1739, when
the church’s former minister Jacob Serenius applied for financial aid
from the Swedish state, he described the patriotic role of the church. He
argued that if sailors, artisans and merchants there could practise their
Lutheran faith and the Swedish language, they would maintain ties to
the home country.?

Spalding and Brander were important members of this congregation.
Even so, they should not be considered Swedes in an absolute sense. To
them, Swedishness was one national identity of many. While active in
the church, they also displayed the British patriotism expected of the
London elite. Brander, who was no stranger to London high society, was
perhaps the clearest example of this double affiliation. He was a fellow
of the Society of Antiquaries from 1749, of the Royal Society from 1754,
a trustee of the British Museum and a Director of the Bank of England
between 1762 and 1779.2° He thus both performed the roles of Swede,
London gentleman, collector, amateur man of science and middleman
in the Anglo-Swedish metal trade. Brander is a reminder that we should
not see eighteenth-century patriotisms and cosmopolitanism as incom-
patible. Displays of diverse patriotisms and cosmopolitanism seem to
have been expected of a man in his position, who based his wealth on
the transnational circulation of goods and people.

For Swedish visitors to London, this community became a bridge to
other parts of the city. The natural historian Pehr Kalm, who visited
London in 1748, described this clearly in his journal:

Immediately upon my arrival I addressed myself, according to the
instructions given me by the Royal Academy of Science of Sweden,
to Mr. Abraham Spalding, a Swedish merchant in London, who after-
wards, during the whole of my visit to England gave me every imagi-
nable information, help, advice, and explanation of various things;
recommended me, partly himself, partly through his friends, to all the
places I had occasion to visit, or where there was anything remarkable
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to see; lent me all the money I required for the whole of my foreign
travels, and besides that, showed me manifold kindness.?’

In Wapping, visitors could speak their native language before learning
to communicate in English, and could receive help from families
who, for various reasons, wished to maintain a connection to Sweden.
Spalding and Brander quickly arranged for Ferrner and Lefebure to stay
with a retired schoolmaster in Walthamstow for two months from 20
July. There they learned English in a rural environment that was sepa-
rate from both the Swedish-speaking community in Wapping and the
chaotic life of London. During this time, they only made day-trips into
the city. Only after his return from Walthamstow did Ferrner whole-
heartedly start to engage with London’s astronomers, mathematicians
and instrument makers.?8

The instrument makers’ workshops

Ferrner’s journal entries from September 1759 show how his passion
for astronomy, mathematics and the maritime intersected in an interest
in the latest developments in nautical instruments. During a day
trip to London on 6 September, he dined on a Swedish ship with his
hosts Spalding and Brander. On the eleventh, he visited the East India
Company shipyard in Blackwall, where he watched large and small
vessels sail by and observed how the tide filled and emptied the docks
used to repair ships. On the sixteenth, he took the stagecoach to London
to meet the instrument maker James Short and discuss astronomical and
nautical instruments.?’

Ferrner began visiting instrument-making workshops before returning
permanently to London and before he had initiated contact with the
mathematicians and astronomers of the city. In eighteenth-century
London, the acquisition of a scientific instrument was often a lengthy
process.3® Ferrner made repeated visits to several makers, engaging in
discussions, watching demonstrations and gaining promises of draw-
ings of instruments. Ferrner used his Swedish network to approach
these artisans: he forwarded greetings and letters from patrons such as
Klingenstierna or the astronomer Pehr Wargentin. Sometimes his visits
lasted entire days. For example, in his entry for 3 March 1760, Ferrner
noted how he spent the whole day visiting Short, Dollond and Bird.3!
Spalding and Brander maintained contacts with London’s instrument
makers over an even longer period. In their letters to Wargentin, for
instance, they itemized the costs of lenses, telescopes and microscopes
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that they sent to Stockholm.?? Spalding also accompanied Ferrner to the
workshops on some occasions.3® The Swedish merchants thus facilitated
Ferrner’s contacts with the instrument makers.

In his interactions with instrument makers, Ferrner was both a fellow
expert, curious about their work, and an agent of Swedish scientific
networks. Thanks to his knowledge of astronomy and navigation, he
could engage in conversations in a way Spalding and Brander could
not. The instruments became a medium through which Ferrner and
the makers could communicate using the skills and gestures of shared
techniques. During his first visit to Short, he discussed ‘the Reflexion
[reflecting] Telescope with Dollond’s micrometer for the Uppsala observ-
atory that [Short] promised to complete by the end of the month’. The
two also discussed a telescope with a 12-foot focus that Short had made
for a Dr Stephens. On the thirtieth, Ferrner returned to examine the now
completed reflecting telescope for Uppsala. He found it, ‘as well as [he]
could see’, to be ‘completely functional’.3*

Although they might appear so in the journal, these interactions were
not without friction. In describing a visit to John Dollond on 5 October,
for example, Ferrner wrote that he presented Klingenstierna’s compli-
ments and that Dollond professed how Klingenstierna’s demonstra-
tion had inspired his discovery of how to reduce chromatic aberration
though ‘the combination of green and white glass’. Dollond promised to
send one of his prisms to Klingenstierna as a gift, and Ferrner returned
on the thirteenth to collect the prism together with a letter in which
Dollond acknowledged the role of Klingenstierna’s demonstration in his
invention. Although the journal describes the meeting with Dollond as
polite, Ferrner’s correspondence with Klingenstierna reveals underlying
tensions, sparked by a priority dispute between Dollond and the Swedish
mathematician. There, it is evident that Ferrner distrusted Dollond’s
mathematical skill and his ability fully to grasp Klingenstierna’s theory:
‘T have much trust in Mr Dollond’s knowledge in optics, and it is not his
fault if he does not have enough knowledge in mathematics to explain
himself’. In Klingenstierna’s correspondence with members of the Royal
Society, he regularly mentioned Ferrner as a go-between who looked
after Klingenstierna’s interests in London.?S The way Ferrner represented
his encounters with British science was thus not completely consistent
across different media, but varied depending on to whom he wrote and
his reasons for writing.

On 5 October, Ferrner went to Jeremiah Sisson’s workshop to see
‘Esquire Irwin’s Balance Chair, for sitting in when at sea’.3® However,
Sisson was not at home and Ferrner was unable to meet him until the
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twelfth. Ferrner described how Sisson had placed Christopher Irwin'’s
chair ‘on top of his house’ and made a hole through the roof ‘for the
balance’. Irwin had put his chair forward as the solution to the problem
of ‘taking several necessary Observations [of the celestial bodies] on
board, notwithstanding the Tossings of the Ship’, but Ferrner was not
convinced that it would fulfil this purpose.3” Although the invention
was ‘polite and comfortable’, he was concerned that the ship’s move-
ments would make observations inaccurate. Nevertheless, Sisson prom-
ised Ferrner a drawing of the chair and an estimate of its cost.3® Irwin’s
book is included in a posthumous catalogue of Ferrner’s library, so
Ferrner must have taken subsequent interest in his method during his
stay in London.*

Three days later, Ferrner visited the workshop of the clockmaker John
Harrison to see his marine timekeepers. Ferrner noted no more of this
first meeting than that he met Harrison and saw his invention. He did
not meet Harrison again until 4 August 1760, when Harrison told him
that he would go to sea with ‘his sea watch’ next April.* In the middle
of the eighteenth century, Harrison’s workshop was a known attraction,
and some even paid to see his inventions. Most visitors were simply
curious, but some also sought to duplicate Harrison’s work.*! Ferrner
was one of the curious, lacking any substantial expertise in mechanics.
However, on one of his provincial tours through Britain, he met and
talked to a man who claimed to have duplicated Harrison’s clock.
During the summer of 1760 when travelling in Scotland, Ferrner met
watchmaker and mechanic Alexander Cumming. He showed Ferrner
a pendulum clock ‘that he had made in imitation of some aspects of
Harrison’s sea clock after having seen it only a couple of times’.*?

Overall, Ferrner’s encounters with the instrument makers of London
show one aspect of how the Anglo-Swedish circulation of scientific
knowledge and instruments depended on national networks intertwined
with transnational ties. In London’s workshops, Ferrner was not only a
representative of his Swedish patrons, but also a fellow expert who could
engage in conversation fuelled by a common interest in instruments
and techniques. The workshops were commercial spaces, and merchants
such as Spalding and Brander could act as middlemen to a degree. But
what was being traded in the workshops was not simply homogeneous
merchandise. The expertise of a trained astronomer and mathematician
like Ferrner was a way of guaranteeing the quality of the merchandise
and of learning more about the construction of instruments.

Instrument-makers’ workshops provide one model to understand the
transnational circulation of scientific knowledge and objects between
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networks that were also integrated within their respective European
states. In these spaces, scientific exchange was not much different from
other commercial endeavours. There, the social practices of transna-
tional trade formed a bridge by which a foreign expert such as Ferrner
could acquire the navigational knowledge and instruments he coveted.

Socializing in London science

The correspondents of Ferrner’s Swedish patrons gave him access to
London’s astronomical and mathematical communities. The most
important of these contacts was the clockmaker John Ellicott, a member
of the Swedish Academy and the Royal Society who maintained a
frequent and cordial correspondence with Wargentin until his death. He
also sent scientific instruments and new editions of the transactions of
the Royal Society to Wargentin via the Swedish merchants in Wapping,
thus acting as a middleman much like Ferrner. In return, Ellicott received
astronomical data and publications from Wargentin, which he trans-
lated and submitted to the Philosophical Transactions.*® Ellicott’s name
appears throughout Ferrner’s journal, as well as in Ferrner’s correspond-
ence with Wargentin, and it was he who introduced Ferrner to the scien-
tific communities of the city.**

It would be a mistake to see Ferrner’s contacts with London astrono-
mers as mediated by the Royal Society as an institution, although the
social gatherings of its members gave Ferrner opportunities to enter the
upper strata of London’s scientific communities. On 4 October, Ferrner
dined at ‘the Royal Society Club’ at the Mitre Tavern in Fleet Street. This
private club - consisting of Fellows and their invited guests — met on
Thursdays before Royal Society meetings just across the street. On his
first visit, Ferrner socialized with Ellicott, Thomas Birch (Secretary of
the Royal Society) and nine other Fellows.*> Though Ferrner does not
mention who invited him, it seems likely that it was Ellicott.

Ferrner found the company ‘entertaining’ and the dinner well worth
the three shillings it cost. During his year in London, he travelled across
London almost every Thursday to attend these gatherings, where he
made new friends and contacts.*® At one dinner, on 8 November 1759,
Birch presented him to the President of the Royal Society, the Earl of
Macclesfield, who welcomed Ferrner to Britain. Macclesfield had heard
from Astronomer Royal James Bradley that Ferrner had asked about the
astronomical observatory in Oxford. He invited Ferrner there and prom-
ised him that the professor of geometry, Nathanael Bliss, would show
him Oxford, if he himself were absent. Bliss, who was also at the dinner,
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promised to introduce Ferrner to anyone he wished to meet in Oxford
and show him ‘astronomical observations, particularly of Immersiones &
Emersiones satellitum Jovis' .+

The contacts Ferrner established at the Royal Society Club opened
up his further passage into London’s astronomical and mathematical
communities. On 26 November, Ellicott invited Ferrner and his pupil
Lefebure to another private society of ‘scholars, traders and artisans’,
who met every Monday at the George and Vulture Tavern at the end
of George Yard in east London. There, Ferrner met Benjamin Franklin
and his son William, John Smeaton, Gowin Knight and the Cambridge
astronomer John Michell.*® After returning to America, Franklin wrote
to Ellicott: ‘I shall always remember with Pleasure the agreeable Hours I
pass’d in that chearful [sic], sensible and intelligent Society. The Monday
scarce comes round but I think of you and am present with you in
Spirit’ * At Ferrner’s first visit to the Monday club, Franklin and Ferrner
discussed ‘Linnaeus and Professor Kalm, the latter whom [Franklin] had
met in America’.>® Franklin does not discuss Ferrner explicitly in any
of his letters, but on 11 June 1760, he mentions to Mary Stevenson ‘a
particular late Instance which I had from a Swedish Gentleman of Good
Credit’, most likely Ferrner.>!

Visits to these clubs were another way for Ferrner to establish contacts
with astronomers, mathematicians and artisans. Word also spread of the
Swedish astronomy professor visiting the city. While Ferrner entered these
clubs as a representative of a Swedish scientific network, as time went by
he forged a personal network through repeated socializing. Soon these
new contacts would invite Ferrner to their homes; for example, Franklin
and Knight each invited Ferrner to watch electrical and magnetic experi-
ments.>? Having established such personal ties, Ferrner gradually came
to be identified both as a Swede and as a fellow man of science.

In his journal, Ferrner thus paradoxically presented a complex
transnational scientific network in which national identities were
central. This complex network is perhaps most evident in Ferrner’s
encounter with the mathematician Thomas Simpson, amid growing
tensions between Britain and France. Simpson — whom Ferrner noted
had a 21-year-old son serving as a lieutenant in the British army in
America - wondered whether Klingenstierna might publish a theory
of the lunar movements, as he did not know anyone more capable
of doing so. ‘The way the French treat the subject is so diffuse and
disorderly, especially d’Allembert’s [sic], that one can await little use
thereof’, he wrote. Simpson did not want to hear any mention of Euler,
while the integral calculus of the young mathematician Louis Antoine
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de Bougainville, who at that time was defending French Quebec from
the British, was ‘a new proof of the boastfulness and big words of
the French’. According to Simpson, in his preface he made ‘himself a
censor and [did] the English nation a great wrong’. Any day, Simpson
continued, ‘Mr Maskelyne will refute him, when he has time to finish
his remarks of his book’. Then, Simpson continued, ‘Bougainville will
need all his French talk to explain himself’.3

Although Ferrner may well have dramatized his conversation with
Simpson to meet his readers’ expectations, it shows that Ferrner, or his
readers, were not alien to seeing European science as a complex interplay
between national identities. Considering how European mathematicians
and astronomers were deeply involved in naval and military matters, it
is unsurprising to see patriotic sentiments sparked by conflict. These
national identities were not simple opposites, but related to each other
dynamically. According to Ferrner, Simpson appreciated Klingenstierna’s
work because he disliked French mathematicians working on similar
scientific questions. This is not surprising: Simpson had taught math-
ematics at the Royal Military Academy in Woolwich since 1743. He had
also been elected fellow of the Swedish Academy of Sciences in 1758, just
a year before meeting Ferrner.>* That Ferrner originated from a country
less involved in the war facilitated his interactions with men such as
Simpson and made it easier for him to mediate contacts between his
Swedish and British contacts.

Observatories and naval bases

While instrument-makers’ workshops and dinner clubs were entryways
into the scientific communities of London, observatories and naval
bases were warehouses of relevant information, where Ferrner could
learn about British navigational techniques and instruments. One such
place was Greenwich. On 26 October 1759, Ferrner visited the Royal
Observatory, where he dined and spoke to James Bradley. Again, Ellicott
introduced him. In his journal, Ferrner noted how Bradley ‘had been in
London and asked for [Ferrner], as Mr Ellicott had informed him that
a Swedish professor of astronomy had arrived in London’.5 Bradley
invited Ferrner to dine with him and before dinner showed him the
Observatory and its instruments. Ferrner compared them to the instru-
ments he knew from Stockholm and Uppsala.>® A three-foot quadrant
by Bird was of the same kind as one in Stockholm Observatory, and the
eight-foot tube had a micrometer made by Sisson that was similar to
that at Uppsala. Similarly, the zenith sector was of the same kind as that
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in Uppsala, as was the regulator by Graham. The instruments made by
London’s makers were familiar not only to Ferrner and his contacts in
London, but also to the Swedish readers of his journal. During dinner,
Ferrner asked Bradley for his opinions on the problem of finding longi-
tude at sea. Bradley answered that he considered tables of the Moon's
motions to be the likeliest solution. The two then drank to Swedish
men of science, including Klingenstierna and Wargentin, expressing the
international bonds between astronomical communities and the patri-
otic nature of eighteenth-century networks.%’

The dinner with Bradley was an opportunity to acquire astronomical
information. Ferrner asked Bradley for observations of the satellites
of Jupiter that corresponded to those made in Sweden. On 26 April,
Ferrner returned to the Observatory to request these observations again,
which ‘Professor Stromer now needed for his map office’, but Bradley
was not at home and Ferrner met his assistant Charles Mason. On
Ferrner’s previous visit, Bradley had complimented Mason, who had
been at the Observatory for three years, and now Ferrner flattered him
by inviting him ‘to dine [...] at a tavern by Greenwich Park’. His strategy
was successful: having eaten, the two returned to the Observatory and
Mason gave him access to the astronomical journals, to ‘pick out what-
ever [he himself] wished’.>®

Ferrner did not only take an interest in nautical research in London;
he also made three provincial tours of England and Scotland, visiting
industrial areas as well as the universities of Cambridge, Oxford and
Edinburgh. In February 1760, he visited the naval dockyards at Plymouth
and Portsmouth. In his entries from these visits, the interplay between
patriotic sentiment, state interest and cosmopolitanism was just as
evident as in his account of London science.

The sea was in turmoil when Ferrner reached Plymouth; onlookers
had never seen waves as high. The next morning, news was spreading
through the town that the storm had driven Admiral Boscawen back to
Plymouth and that his largest ship, the Ramillies, was lost with most of
its crew of 750. The commercial network of his hosts in Wapping facili-
tated Ferrner’s access to the naval base. On arrival, he gave a letter of
recommendation from Spalding and Brander to John Mignan, a ‘French’
merchant who brokered the contact between Ferrner and one of the
commissioners at the dockyard.® The commissioner allowed Ferrner
and his companion to see ‘the dock, the yard, the storehouses, and
everything [they] wished’. Ferrner took notes on the facilities around the
dockyard, which he compared to installations at home. He noted how
the workers were diligent and worked double shifts because of the war.
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He was also told that, ‘all the iron used here was Swedish and was valued
[...] as the best in the world’ — a nod, perhaps, to the tour’s financier.%®

However, the help of the ‘French’ Mignan raised questions about
Ferrner’s identity. Ferrner had visited on payday and he described a town
filled by a drunk and disorderly workforce. A worker attacked Ferrner and
his guide, Mr Squire (Mignan'’s accountant), calling him ‘French dog,
Rascal &c’. The dockworkers, he noted, probably thought that he and
Lefebure were ‘French, or at least strangers’. Another shouted after them,
‘God damn you West Country Souls’. Ferrner wrote that this man was
from eastern England and did not like the people from western parts. He
added that it was not strange that the English were so rude to strangers,
when there was such an ‘antipathy between the [English] provinces’.!
As in London, the inhabitants of Plymouth identified Ferrner through
many identities. To the workers, he was a stranger not primarily because
he was Swedish, but because his origin was unclear. Whatever the basis
of this perception — be it Frenchness or something else — it affected his
ability to move about Plymouth.

Ferrner’s description of Portsmouth was a complete contrast. He appre-
ciated order and tidiness, and to him Portsmouth was the most ‘beautiful
and the most regular town in England, with broad and well-kept streets,
which intersect at right angles’. He visited the Royal Naval Academy and
its headmaster, the mathematician John Robertson.®? Robertson, who had
been an apprentice before becoming a mathematician, had been head-
master of the Academy since 1755. An expert in navigation and naval
fortification, he had previously taught at the Royal Mathematical School
at Christ’s Hospital and in 1754 had published the popular Elements of
Navigation. As head of the Academy, he was directly involved in work for
the Board of Longitude.®® In 1763, for example, Robertson was charged
with determining the local time at Portsmouth and setting Harrison'’s sea
watch as part of the Barbados trial of H4.%4 Robertson’s career also shows
how mathematics was part of the British navy in more ways than just
the quest for longitude.®® As Boistel has noted, educating naval officers
in mathematics was a way to encourage the adoption of the latest navi-
gational techniques; poor mathematical education, by contrast, became
an obstacle to determining longitude at sea by astronomical methods.%®
As seen previously, Ferrner and the Swedish state also recognized the
relevance of mathematics for navigation. In Portsmouth, Ferrner could
witness mathematics and navigation taught together at a naval college,
something that might be relevant to his position in Karlskrona.

Ferrner was able to enter Portsmouth because he was Robertson'’s
fellow mathematician. Whereas Ferrner’s identity in Plymouth was
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unclear, in Portsmouth Robertson readily identified him as a Swedish
mathematician. This established a clear framework for their interac-
tion: Ferrner’s interactions with Roberson much resembled those with
the astronomers and mathematicians in London. The two gossiped
about, ‘Mr Thomas Simpson in Woolwich’, and ‘about Greenwich’.
They also discussed the mathematician William Emerson, who had
recently published A Treatise of Navigation (1755) — and Robert Heath,
who had edited The Ladies” Diary until 1753 when he was dismissed
after a quarrel with Simpson. Robertson stated that, ‘Simpson was
undeniably the greatest mathematicus, gifted with an excellent genius,
polite; but reserved and uncommunicative as well as difficult to have
dealings with’. Emerson was ‘surly, lives alone in the country-side off
a small interest of £80 Ster[ling], is very indifferent to whether anyone
visits him, fishes and hunts what he needs’. In spite of these eccentrici-
ties, Robertson considered him the second greatest mathematician in
England. Heath on the other hand ‘was not a bad mathematicus; but of
such a bad character and disposition that he did not deserve anyone’s
company’. Nonetheless, Robertson considered the three mathemati-
cians ‘nothing less than his friends’.’

Such exchanges, in which British mathematicians ranked each other
according to skill and morals, appear repeatedly in Ferrner’s journal.
While retaining a polite facade, the British mathematicians of Ferrner’s
journal revealed the secret of social relations within the community.
Having revealed fierce competition backstage, they re-established the
facade with the contradictory statement that, in spite of all that had
been said, the mathematicians were good friends. This glimpse behind
the scenes of British science shows that national networks of sciences
were not monolithic but were a patchwork of networks and alliances.
In his journal, Ferrner gave his readers a window onto the scientific
networks of another nation, which were otherwise invisible to the arms-
length relationships of the Republic of Letters.

Ferrner carefully described the organization of the Academy in
Portsmouth, taking note of activities such as fencing and drawing,
as well as courses in shipbuilding and mathematics. As at Plymouth,
Ferrner gave detailed accounts of buildings and the dockyard.®® His
visits to Plymouth and Portsmouth show how closely integrated were
Ferrner’s roles as industrial spy and visiting astronomer and mathemati-
cian. He pragmatically used the resources available to him — networks
of state, commerce and science, as well as patriotic and cosmopolitan
social structures — to enter places that otherwise would be closed to a
foreign national.
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Conclusion

Ferrner’s journal and letters challenge the traditional history of eight-
eenth-century European science as a frictionless international collabora-
tion. Historians of science have identified a major change in the Republic
of Letters in the late eighteenth century, when patriotic values began to be
associated with the pursuit of knowledge.® Still, patriotism is ever-present
in Ferrner’s journal of 1759-60. It was important both in Sweden and in
London: patriotism and national categories recur in Ferrner’s descriptions
of scientific conversations. His journal presented him as a man who used
seemingly contradictory resources and identities, not unlike his hosts, the
traders acting as middlemen in the Anglo-Swedish metal trade. National
scientific networks were central to the funding, legitimization and knowl-
edge making of sciences — such as astronomy and mathematics — which
were tied to state and military interests. Furthermore, national belonging
worked as an identifying marker, which facilitated transnational collabo-
ration. Ferrner was greeted as a representative of his Swedish network, and
it was because of his place in this network, based on Swedish patriotism,
that London’s communities of naval science research opened up to him.

AsDaston points out, the Republicof Letters of the late eighteenth century
embraced a cosmopolitanism that yearned for distance.”® However, when
Ferrner lived as a stranger in the midst of London science, he did not live
in this cosmopolitan republic. Consequently, Ferrner’s journal describes
norms and values that are rarely found in the transnational correspond-
ence of astronomers and mathematicians. Nonetheless, while Ferrner’s
interactions in London cannot be categorized as purely ‘cosmopolitan’,
he did not present a European science divided along clear-cut national
boundaries either. In his journal, patriotic and cosmopolitan ideals coex-
isted. His everyday interactions with London men of science were not
arms-length relationships. Instead, through his encounters Ferrner wove
a patchwork of networks that followed and crossed national boundaries.
These networks contained both patriotic and cosmopolitan ideals, and
were connected to commercial ventures as well as state projects.
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‘Perfectly Correct’: Russian
Navigators and the Royal Navy

Simon Werrett

The era of the Board of Longitude’s existence, between 1714 and 1828, was
also a remarkable period in the history of Russia’s navy. At the beginning
of the eighteenth century, Tsar Peter I set about reforming the Russian
military following disastrous campaigns in the Great Northern War with
Sweden, and created a substantial Baltic fleet centred on the new capital,
St Petersburg.! To provide expertise for training sailors on Russian ships,
Peter turned west, and in particular to Britain. These efforts inaugurated
a steady traffic of experts and students between Britain and Russia in the
eighteenth and early nineteenth centuries that helped transform Russian
navigation practices into a form resembling, and sometimes advancing
on, those of Britain. This essay explores the British role in developing
Russian navigation and makes three arguments. First, while the Russians
evidently relied greatly on British expertise during this period, the traffic
was not one way. Russian institutions provided theoretical expertise,
practical experimental resources, and generous patronage that played
a role in shaping British solutions to navigational problems including
finding longitude at sea. Russians were not passive recipients of British
expertise, and some techniques, at least, emerged from transnational
co-operation and the circulation of knowledge.?

Second, an examination of the techniques used to navigate on Russian
ships makes clear that officers did not rely on any single method, such
as an accurate chronometer, but used several different approaches,
choosing the one most appropriate to a given situation. This diversity
and opportunism supports criticisms of a historiography of longitude
that has presented John Harrison’s marine timekeepers as ‘the’ solution
to the longitude in the eighteenth century.® Third, as Russian officers
chose between many methods of navigation, so this process entailed
complex relationships of trust in different instruments and personnel.

111



112 Simon Werrett

Navigation was not just a technical procedure but also an emotional,
often unpredictable negotiation and judgments of trust were critical in
making decisions. British personnel, instruments and techniques helped
Russians make such adjudications and, while Britishness was no guar-
antee of navigational reliability, it was often taken into consideration in
navigating decisions.

The rise of Russian navigation, 1700-60

In the seventeenth century, Muscovite Russia was more preoccupied
with land than sea.* The Tsars pursued a land-based empire, annexing
new territories and opening them to settlers. Prosperity depended on
serfdom, and keeping the serfs fixed to their estates. Until the end of
the eighteenth century, most Russian exploration focused on the land,
charting new territories in the south and east and the vast regions of
Siberia and Kamchatka. Mathematical and astronomical navigation
(korablevozhdenie, navigatsiia, moreplavanie) at sea thus appear to have
been virtually unknown in Russia before the end of the seventeenth
century, though some compasses were manufactured in Kholmogory
and may have been used in coastal areas.> A text known as ‘The Starry
Sky of the Archangel Sailors’, surviving in six copies and dating from the
seventeenth century, described the southing of stars, the compass rose,
the means of finding true north, and the use of dividers. It also included
the first known Russian star map. But since it contained errors, Ryan has
proposed that it is unlikely to have been used at sea.®

This situation changed in the reign of Tsar Peter I (c.1698-1725), who
encouraged navigational education in Russia as part of an effort to build up
a new imperial navy with newfound access to the Baltic via St Petersburg,
the new port capital founded in 1703. Peter was personally interested in
western navigation and studied with the Dutch master Jan Albertusz van
Dam during a visit to the Dutch Republic in 1697.7 He trusted foreigners to
improve navigation in Russia and often positioned navigation at the fore-
front of broader educational reforms. Russian students were sent abroad
to Venice and Dalmatia in the 1690s to learn navigation.® In 1701, Peter
opened a School of Navigation in Moscow, while Russia’s first book on
navigation, published the same year, derived from the sea-manuals of the
Dutch writer Abraham de Graaf.? Despite this Dutch connection, Peter
chose to hire Scots and English to run the new Moscow school, reflecting
both the high reputation of British navigation and a tradition of hiring
Scots to serve in the Russian court.!® Heading the new school was the
mathematician and astronomer Henry Farquharson of Marischal College,
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Aberdeen, together with two alumni of the Royal Mathematical School at
Christ’s Hospital - Stephen Gwyn and Richard Price. Ryan has traced the
history of the Moscow School of Navigation and notes that it was one of
the first institutions to teach geometry, trigonometry and astronomy in
Russia, to some 200 students aged between 12 and 17.1! An extant manu-
script, probably dating to 1703 and perhaps authored by Farquharson,
indicates that students learned geometry, course plotting and dead reck-
oning through worked examples, and found latitude by means of observa-
tions of the height of the Sun using a Davis quadrant (backstaff), methods
typical of late seventeenth-century English practice.!? Ryan suggests the
likely English provenance of this text, which took London as the prime
meridian and included measures in English feet.!3

In 1715 the School transferred to St Petersburg and was renamed the
Naval Academy. Farquharson taught there until his death in 1739. The
Naval Academy had its own press, and helped to introduce basic western
ideas of spatial literacy and navigation to Russia. Under Farquharson'’s
direction, members of the Naval Academy published handbooks on math-
ematics and navigation in the 1730s, including the first navigation book
published by a Russian author, the Baltic fleet officer Stepan Gavrilovich
Malygin.!*In 1752, the Naval Academy was reformed, becoming the Naval
Cadet Corps.!®> Trust in British expertise endured. After Farquharson’s
death the Russian government was keen to find a British replacement,
and candidates included Matthew Mitchell, captain of the Pearl on George
Anson’s expedition of 1740-44, and the astronomer Thomas Wright of
Durham. These men proved too expensive to hire but the royal naval
schoolmaster of the Penzance, Thomas Newberry, was appointed professor
of mathematics and navigation at the Naval Cadet Corps in 1757 and
remained there five years.!® After his departure, the Cadet Corps continued
as a centre for British influence, publishing the first English grammars for
Russians and the first Anglo-Russian dictionaries.!”

Just upriver from the Naval Cadet Corps on Vasilevskii Island in St
Petersburg was the Imperial Academy of Sciences, another institution
created by Peter I to enhance education in Russia.'® Again, Peter and
his assistants relied on imported expertise to staff the new Academy,
which included among its members prominent foreign savants such
as the French astronomer and geographer Joseph-Nicolas Delisle and
the Swiss mathematician Leonhard Euler. From its opening in 1725 the
Academy devoted much attention to geography, exploration and navi-
gation. The very first public assembly held there in 1727 consisted of a
lecture on the problem of discovering longitude, discussed by the math-
ematicians Georg Bernhard Bilfinger and Jacob Hermann.!® Bilfinger
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explained to an audience of nobles and officials who were unfamiliar
with the sciences that mathematics was ‘excellent for Navigation’ and
went on to explain the difficulties of using eclipse observations and
timekeepers to find longitude at sea. Bilfinger looked to the work of
British astronomer Edmond Halley for an alternative and suggested that
Halley’s world chart based on multiple measures of magnetic declina-
tion (also known as magnetic variation) might offer a future solution.
He suggested that careful and exact measures in Russia needed to be
made: ‘We may know in some years whether or not we can count on
these measures, or whether they have to be abandoned’.?°

As Raspopov and Meshcheryakov have shown, both before and after
Bilfinger’s speech numerous measurements of magnetic variation were
made across the Russian empire. Peter I decreed that Russian vessels must
measure declination off the Russian coasts and the academic adjunct
Friedrich Christoph Mayer made measurements on the site of the Academy
in 1726. From the 1690s, Russian nautical charts included magnetic decli-
nation and, from 1714, Peter inaugurated the translation and publication
of numerous atlases of the Baltic Sea showing declination.?! In the Russian
Naval Regulations of 1720, Peter also ordered all new ships to be fitted
with compasses, and in the following year established a compass manu-
factory in St Petersburg, overseen by the Admiralty Board.?? Peter also sent
Vitus Bering on an expedition to Kamchatka from 1725 to 1728, while the
Academy organized a second Kamchatka expedition, again under Bering,
in 1733 to 1743. Both voyages took many variation measurements.?

Ultimately, magnetic variation would not turn out to be a defini-
tive longitude solution, but the Russians invested in other avenues of
research. In 1732, perhaps in answer to Bilfinger’s call, one P. I. Roquette,
watchmaker to the Empress Anna Ivanovna, sent a longitude solution
to the Royal Society, where it was translated and discussed by the math-
ematician and astronomer James Hodgson.?* The proposal hinged on
various cosmological assumptions and the idea that longitude might be
found using a combination of portable clocks and tables of the variations
they underwent in different seasons owing to changes in air pressure,
which Roquette claimed to have discovered. Hodgson, who digested the
method for the Royal Society, was unimpressed,

What answer must be given to a Man who is so very ignorant of
the first principles of Astronomy and Philosophy, who has asserted
so many falsehoods and calls them Demonstrations, and is so vastly
fond of his Performance I leave you, Gentlemen, to determine.?
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A much more successful contributor to solving the longitude was the
academy’s mathematician Leonhard Euler. Euler had considered a naval
career as a young man and his interests in navigation were significant.
He firmly believed that mathematics would improve the art. In an essay
on the utility of higher mathematics, he wrote,

no one, I imagine, would dare to question the utility of higher math-
ematics [for navigation]. If we consider the journey of a boat on the
ocean, we will think first of the loxodromic curve, the invention of
which assuredly may not be attributed to elementary mathematics.
This curve is used to solve most of the problems that present them-
selves to anyone who wants to study the art of setting the course
of a ship. The complete theory of navigation [...] is so arduous,
demanding such a deep knowledge of hydrostatics and mechanics
that the help of higher analysis is of prime necessity.2¢

Euler reckoned mathematics was also essential to understand the ideal
shapes for ships’ hulls, the effect of cargo on a ship’s equilibrium, and
the art of arranging sails and steering in a contrary wind. He promoted
the work of Johann Bernoulli on these questions and addressed some
of them himself in Scientia navalis, completed in St Petersburg in 1738
and published in 1749. The treatise laid out the principles of hydro-
statics and a scientific theory of shipbuilding that proved influential.?’
In England, the book was published in translation at the instigation of
East India Company engineer Henry Watson in 1776, and Euler’s ideas
informed experiments to study ideal hull shapes made in Britain by
Mark Beaufoy in the 1790s for the Society for the Improvement of Naval
Architecture.?8

Euler’s first book of lunar theory, published in 1753, addressed the
three-body problem and was important for navigation.?® In 1755, at
Euler’s request, Tobias Mayer sent a set of lunar tables worked out using
Euler’s theory from Goéttingen to the Admiralty, which referred them
to the Board of Longitude in London as a submission for a reward.3°
In February 1765, after Mayer’s death, the Board awarded £3000 to his
widow for this contribution, with £300 awarded to Euler on the grounds
that his calculations had been the basis of Mayer’s tables.?! Having
tested Mayer’s tables on a voyage to St Helena in 1761, Nevil Maskelyne
published his British Mariner’s Guide and, as Astronomer Royal, the first
Nautical Almanac.3? Euler participated in the election of Maskelyne to
the St Petersburg Academy of Sciences in 1776.33
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A member of the Russian Academy thus played a significant role in
shaping British navigational practice. Euler also helped to spread news of
the longitude reward and its applicants to Russian and German readers
via his Letters to a German Princess, published in 1768 and addressed to
a lay audience unfamiliar with the sciences. The book, consisting of a
series of letters sent to the 15-year-old Sophie Charlotte of Brandenburg-
Schwedt, included a long discussion of navigation techniques.3* After
describing dead reckoning, Euler explained how a timekeeper could
be used to find longitude. Although he approved the method, Euler
regretted that a clock of sufficient accuracy would never be created,
since even John Harrison’s experiments had failed:

About ten years ago [...] an English artist pretended that he had
constructed a timepiece proof against the motion of a ship at sea
[...] on which the inventor claimed and received part of the parlia-
mentary reward proposed for the discovery of the longitude [...] But
since that time we have heard no more of it; from which it is to be
assumed that this attempt has failed, like many others which had the
same object in view.3S

Euler went on to advocate, not surprisingly, astronomical methods of
longitude determination, and measures based on the Moon’s motions,
via Mayer’s tables in particular. He explained how the ‘English nation,
generously disposed to engage genius and ability’ offered ‘three prizes,
for ascertaining the longitude’ and made clear his view that ‘Mr. Mayer
is at this moment claiming the highest, and I think he is entitled to it’.3¢
Discussions of navigation were thus not restricted to technical literature
in eighteenth-century Russia, and protagonists in the search for longi-
tude helped convey news of the British competition to new audiences.
Euler also had a significant impact on British navigating techniques,
reminding us that navigational knowledge did not travel in only one
direction between Britain and Russia in the eighteenth century. Other
Russian academicians sought to contribute to the longitude. The
Academy’s professor of chemistry Mikhail Vasil'evich Lomonosov wrote
a dissertation on navigation in May 1759. Lomonosov proposed a form
of marine chair for keeping a telescopic observer steady on board a ship,
perhaps inspired by the marine chair of Christopher Irwin, patented
in March 1759.37 Although the consequences of Lomonosov’s plans are
unknown, another St Petersburg academician, Wolfgang Ludwig Krafft,
devised new procedures for reducing lunar distances, which he sent to
Maskelyne in 1794.38
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Britain and the reform of the Russian Navy, 1760-1800

In 1770, the Empress Catherine II lamented that ‘up to the year 1762
the navy has fallen little by little into annihilation’.>® Ships were poorly
constructed and badly supplied with artillery; and the organization of
shipyards and naval administration needed reform. Catherine was deter-
mined toimprove matters, leading to arenewed exchange between Britain
and Russia’s navies. While the Russian government preferred German
and French academics, when it came to navigation they continued to
employ Scottish and English experts to bring about improvements.
Beginning in 1768, the Admiralty ordered ships’ cannon and a steam-
pump from the Carron Company of Falkirk.*’ Several Scots officers were
taken into Russian service in 1764, including Lieutenant, later Admiral
Samuel Greig, who distinguished himself in action against the Turks.*!
English officers were also hired. From 1770 to 1774, Charles Knowles
served as an admiral of the Russian fleet, while Samuel Bentham, subse-
quently Inspector General of the Naval Works at Portsmouth, built ships
for the Black Sea fleet for Empress Catherine’s favourite Prince Grigorii
Potemkin between 1780 and 1791.*? Captain James Cook’s former
midshipman James Trevenan also joined the Russian Navy, serving from
1787 until his death in action in 1790.

Knowles set about transforming the Russian Navy along English lines,
overseeing a series of reforms based on comparing the state of Russian
ships and naval administration to English practice. Knowles included
concerns about navigation in his recommendations to Catherine II:

The vessels of Your Imperial Majesty are also extremely lacking in
disciplined subaltern officers and a number of good Boatswain'’s
mates to arrange and dispose the sailors to their respective duties, as
much in the navigation as in the manoeuvring of vessels, in which
I am well informed they are very defective, particularly in darkness
and in bad weather.*?

Knowles had experience with navigational improvement. He had recom-
mended the Scots navigator and later natural philosopher John Robison
to the Board of Longitude as the keeper of John Harrison’s timekeeper
on its trial to the West Indies in 1762. When Knowles went to Russia
in 1770, he engaged Robison as his private secretary, and Robison was
subsequently appointed inspector general of the marine cadets at the
Russian naval base in Kronstadt with the rank of lieutenant colonel,
where he remained until 1774.* Despite his concerns over navigation,
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Knowles’s main preoccupation was improving shipbuilding in Russia
and most of his advice concerned timber and hemp supply and the
organization of shipyards and shipbuilding.

Russia’s circumnavigations, 1800-30

Knowles, Greig and Bentham were engaged primarily to provide imme-
diate leadership and assistance in wartime, helping to build up the
Russian fleet to fight the Turks and the Swedes.*> They were not explic-
itly hired to train Russians in British navigation methods, and their focus
was on improving shipbuilding and construction, as had been Euler’s
in Scientia navalis. But subsequent Russian efforts did focus on training
students in British naval and navigation techniques. In 1785, no doubt
inspired by Cook’s circumnavigations, the Russian government hired
Joseph Billings, able seaman and astronomer’s assistant to William Bayly
on Cook’s third voyage, to lead an overland expedition to Kamchatka
and the Aleutian islands to investigate the fur trade. Billings was to train
students from one of a number of regional navigation schools which
had opened across the empire by that time. His instructions included the
order to take ‘five or six of the best scholars of the Navigation School’ at
Irkutsk, and ‘to employ them [...] in surveying and drawing charts’.*¢

Russian interest in the fur trade led to further naval developments
in the early nineteenth century. Between 1803 and 1850, 36 expedi-
tions set out from St Petersburg to sail around the world to provision the
Russian American Company’s fur-trading posts in Alaska and open trade
to China and Japan. Baltic German and Russian naval officers headed
these circumnavigations, including Adam Johann von Krusenstern and
Yuri Lisianskii on Nadezhda and Neva (1803-07), Vasilii Mikhailovich
Golovnin on Diana (1807-09), Otto von Kotzebue on Rurik (1815-18)
and Feodor Petrovich Litke on Seniavin and Moller (1826-29). As
Vinkovetsky has shown, the voyages marked a shift in Russian imperial
policy, giving a new role to the navy and maritime colonies in place
of a traditional emphasis on land-based territorial acquisition.” The
British overseas empire was part of the inspiration for this change, and
the Russian circumnavigations marked a highpoint in British interac-
tion with Russian navigation.

The Academy of Sciences supported these voyages. From 1787, academic
astronomer Petr Borisovich Inokhodtsev lectured to naval officers
on navigational science. Inokhodtsev had continued the Academy’s
programme of measures of magnetic variation in the 1770s, noting that
Kursk’s measures were anomalous, explained by very large deposits of
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iron ore in the region.*® By 1803 another academic astronomer, Friedrich
Theodor Schubert, began training officers and published a textbook on
the determination of latitude and longitude by astronomical methods.*
He also developed new instruments for the circumnavigators including
a sextant, pocket chronometer and achromatic telescope. From 1813,
he published the Morskoi mesiatseslov (Maritime Calendar), equivalent
to the British Nautical Almanac. After the Krusenstern-Lisianskii voyage,
another academician, Platon Iakovlevich Gamaleia, published Teoriia i
praktika korablevozhdeniia (The Theory and Practice of Navigation) (St
Petersburg, 1806-08), which used Krusenstern’s experiences to formu-
late navigating methods for subsequent voyages.*°

The Academy took the problem of longitude seriously in these years
and may have served as an alternative source of support for longitude
schemes to the Board of Longitude. In 1803, forinstance, the Pennsylvania
surveyor John Churchman visited the Academy. He planned to solve
the longitude problem by magnetic variation, a method of longstanding
interest to the Russians.’! Churchman was elected to the St Petersburg
Academy and proposed his method to the Russian Admiralty, although
it is not clear what became of it. In English proposals for his method,
Churchman used his status and connections in Russia to lend credit to
his ideas.5?

The main source of expertise sought by the Russians in navigation,
however, continued to be Britain. British navigators and naval expertise
continued to enjoy a high reputation, particularly after Cook’s voyages
became known in Russia.>® In 1793, the Russian ambassador in London,
Semen Romanovich Vorontsov, arranged for 14 young naval officers to
travel to Britain to spend four years in the Royal Navy. Twelve more
followed in 1797.54 Half were dispatched to the Mediterranean while the
other half served in the West Indies. When they returned to Russia in
1799 they were ardent anglophiles, prompting some to fear their loyal-
ties might be divided:

They spoke the language, and had a good deal the manners and
appearance of British seamen [...] They spoke openly in favour of
England, and refused to throw aside their blue jackets and trousers,
notwithstanding the emperor had issued two orders to that effect.>

Many of the circumnavigators came from this contingent. The first
was Adam Johann von Krusenstern, a Baltic German native of Estonia,
who like many Baltic Germans under Russian rule served in the Russian
Navy. In May 1794, Krusenstern sailed to America in the British ship
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Thetis under the command of Captain Alexander Cochrane. Another
Russian in the same squadron, sailing on L’Oiseau, was Iurii Lisianskii, a
graduate of the Russian Naval Cadet Corps and a veteran of Russia’s war
with Sweden of 1788-90. Lisianskii fought with Rear-Admiral George
Murray against American ships provisioning France, sailed to Halifax
and the West Indies, then travelled across the United States, before
joining Krusenstern on the Reasonable, captained by Charles Boyle and
bound for the Cape of Good Hope. Krusenstern went on to India and
China while Lisianskii travelled in South Africa.

This extensive experience and training led Tsar Alexander I to appoint
Krusenstern and Lisianskii to lead the first Russian circumnavigation from
1803 to 1806, on the Nadezhda and Neva, both originally constructed in
Britain. Other officers trained by the Royal Navy, or trained by officers
who had trained in Britain, commanded subsequent circumnaviga-
tions. Vasilii Mikhailovich Golovnin, who served in the Royal Navy
in the 1790s, took his ship Diana to North America in 1807-09, and
then took the Kamchatka in 1817-19. Two of Krusenstern'’s officers, Otto
von Kotzebue and Thaddeus von Bellingshausen, commanded voyages
to the Pacific between 1815 and 1826. Golovnin's officers Ferdinand
von Wrangell and Fedor Petrovich Litke sailed on Krotkii and Seniavin to
North America in the late 1820s.

British navigational expertise was not exclusive to the Royal Navy,
however. Another navigator on the Krusenstern voyage was a veteran of
the East India Company.>® As a youth, Hermann Ludwig von Lowenstern,
another Baltic German, had tried to learn navigation with a Russian
pilot. ‘I went to a lot of trouble with it,” he wrote in his diary, ‘but did
not get very far’.>” Instead, Lowenstern joined the East India Company
and spent five months learning English and navigation. Although he
quit because he found life on a Company ship unbearable (full of ‘wran-
gling, strife, envy, hate, deceit, cheating, egoism, uncharitableness, lies,
and laziness’), Lowenstern nevertheless retained a great admiration for
all things British.>® He always spoke of distances in ‘English miles’ and
admired English instruments. On board Krusenstern’s ship Nadezhda
when it landed in England on its outbound voyage, Lowenstern was
delighted when the captain purchased him a sextant and chronometer
from Robert Pennington.*®

The Russian officers’ enthusiasm for Britain and the Royal Navy thus
included an admiration of British navigational instruments. This was
a common attitude among the Russians. Even before the first Russian
circumnavigation began, Lisianskii travelled to London to purchase
instruments and two ships, which became the Nadezhda and Neva. The
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instruments included a reflecting circle, 12 inches in diameter, a 10-inch
sextant, a three-foot transit instrument by Troughton and an 18-inch
diameter astronomical quadrant by Adams. Lisianskii also bought four
Arnold and two Pennington chronometers. All of these were shipped to
the St Petersburg Academy of Sciences, where the astronomer Schubert
tested and prepared them for the voyage. In the end, three of the chro-
nometers were taken — an Arnold box chronometer, which Krusenstern
reckoned was the best of the three, an Arnold pocket chronometer, which
stopped for a time during the voyage, and a Pennington pocket chro-
nometer. Krusenstern also used Mayer’s lunar tables, as revised by the
astronomers Tobias Biirg and Charles Mason, and charts by the English
cartographer Aaron Arrowsmith. When he left St Petersburg in Nadezhda
in 1803, Krusenstern and his astronomer Johann Caspar Horner insisted
on stopping in London to buy more instruments, which Lowenstern
thought were ‘very nice’.%°

Such arrangements became formalized for subsequent voyages,
with a letter being sent to the Russian ambassador in London (Count
Christopher Lieven from 1812 to 1834), to order instruments ahead of
a voyage before an inevitable stop during the voyage to buy more and
meet English makers.®! Typically, Russian ships were equipped with logs
and sounding machines by Edward Massey, telescopes by Tully, Dollond
or Troughton, and chronometers by Arnold and Barraud. Maps were by
Aaron Arrowsmith and John Purdy.®?

Britain’s longstanding reputation for navigational and manufacturing
expertise and Royal Navy training thus ensured Russians’ continuing
use of British skills and hardware into the nineteenth century. Again,
though, it would be wrong to see this as one-way. Russian patronage and
Russian voyages helped test and secure British innovations in naviga-
tion. Between 1819 and 1824, Peter Barlow, professor of mathematics at
the Royal Military Academy, Woolwich, devised a method of correcting
compass needles from local deviations due to the increasing quantities of
iron used in ship construction. The technique, which involved placing
a small disc of soft iron near the compass to offset deviations, received
patronage from the Board of Longitude, who granted Barlow £500 to
make experiments. Working with Barlow, the instrument-makers Gilbert
devised a novel azimuth compass made from new brass, after it became
clear that recast brass became magnetic.®

The Tsar of Russia, Alexander I, also supported Barlow, rewarding
him with a gold watch and dress-chain, sent via the Russian ambas-
sador Lieven, when the Russian Navy adopted his method.%* Russian
Imperial patronage could thus help establish new techniques in Britain
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and encourage their use in Russia. Krusenstern played an important
role in this exchange, experimenting with Barlow’s technique using the
Gilbert compass at the Russian port of Kronstadt, and disseminating
Barlow’s work to Admiral Greig commanding the Russian marine station
on the Black Sea. In 1824, Krusenstern’s results were published in the
Philosophical Magazine in Britain and no doubt his enthusiastic endorse-
ment helped establish credit for Barlow’s method.®

Two years later in 1826, another Russian circumnavigator, F. P. Litke,
collaborated with Barlow under the guidance of John Barrow, Secretary
of the Admiralty. Litke and Barlow, together with Captain William Parry
and Edward Sabine, fitted Litke’s ship Seniavin with an ‘invariable clock’,
which they tested at the Royal Observatory in Greenwich after Litke had
arrived in Portsmouth on the usual stopover to collect instruments.®®
Litke also used Sabine’s invariable pendulum on the voyage to demon-
strate that the flatness of the Earth was greater than had earlier been
derived from lunar inequalities.®” Developing instruments and tech-
niques thus came to benefit from Anglo-Russian co-operation.

Meanwhile, British instruments played a salient role in Russian
navigating techniques on the circumnavigations. Once Russian ships
embarked from Portsmouth, bound for the Atlantic, they proceeded
using a variety of navigating methods. Much of the time, officers were
keenly aware of weather, winds, coastlines, landmarks, lighthouses,
birds, reefs, swells and other features of which they could take advan-
tage to navigate near land. Navigators were opportunistic about these
methods, using them when an appropriate situation arose. ‘At this time
of year,” wrote Litke at Portsmouth in November 1826, ‘a favorable wind
seawards is such a precious thing that one has to take the utmost advan-
tage when one does blow’.%8

Out on the ocean, technical methods became more urgent,
demanding systematic and disciplined operations. The instructions for
Bellingshausen’s voyage of 1819-21 were explicit about how the ships
should navigate. Every 24 hours, dead reckoning and observed position
had to be ‘determined by bearing and by the distance from some known
point, wherever possible one whose latitude and longitude have been
accurately determined’. If there was a discrepancy between the dead
reckoning and observed position, it needed to be investigated by using
charts on which the reckoning was plotted, and by astronomical obser-
vations ‘made as frequently as possible’. Latitude should be determined
not only by observations of the altitude of the Sun at noon, but also
the meridian altitude of twilight stars and ex-meridian altitudes of the
Sun. ‘For the longitude,” the instructions continued, ‘lunar distances
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should be taken whenever circumstances permit, and the results of these
observations should be compared with those given by chronometers’.
Whenever the ships approached a point of known longitude, the chro-
nometers should be re-rated. All observations were to be recorded in
a log.%° In sum, the normal way of navigating was by dead reckoning,
checked against astronomical observations, which in turn were checked
against the average reading of two or three chronometers, themselves
periodically set right in places of known longitude. Bearings were taken
from a compass and speed, as Lowenstern wrote, with a log and line,
or ‘leash that can become longer or shorter’ and an ‘hourglass’ or ‘sand
clock’.”®

In practice, these acts of navigation were never simple matters of
procedure or reliance on instruments. Lowenstern noted:

In Kronstadt in 1803, after experimenting, we found that the second
glass took 14 seconds to run. Krusenstern ordered the distance
between knots to be made 46 fuss [feet] long [...] On Russian ships
of war, the second glass runs at 29 seconds, and the log line is set to
30 seconds; that is 50 fuss 11 zoll [inches] English from one another.
That shows how imprecise the ship’s calculations are.”!

Navigating was a highly charged affair because mistakes could lead to
catastrophe, and officers often recorded the fear, anxiety, danger and
excitement that accompanied navigation. Litke learned lessons after he
navigated a hazardous passage off the coast of Unalaska. He recalled,

In the six years which have passed since then, I often go over the
events of that day in my mind, and each time I reproach myself for
exposing the ship and its crew [...] to such danger. Extremes are met
in all conditions in human life. Often misplaced prudence will lead to
an unwise decision but, on the contrary, sometimes one must needs
be bold to be prudent.’?

Navigating was also frequently out of the hands of officers, as strong
winds, storms and periods of calm dictated their ability to move about.
When navigators did have the opportunity to make observations, find
positions or plot courses, these acts demanded negotiation. Instruments
and individuals were often deemed inadequate to determine the right
action to take. On his voyage of 1785, Joseph Billings had a timekeeper
on board his ship but did not consider it reliable. Off the coast of
Kamchatka, ‘The ship’s reckoning still differing so materially from that
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of the time-keeper, induced Captain Billings to reject this method of
ascertaining the longitude’.”3

British instruments proved troublesome despite their reputation, and
the marriage of academic theory and navigational practice might not be
successful. Lowenstern repeatedly lamented the inaccuracy of reckon-
ings and chronometers on the Krusenstern-Lisianskii circumnavigation:

Without observations we would be lost. Enough effort has been
put into devising Logs [...] that are supposed to determine a ship’s
course, but a lot of what seems clear on paper is impossible in prac-
tice or at least very defective. None of them meet expectations, etc.
Navigation owes its thanks to astronomy that it has reached its
present perfection.”*

Both Billings and Loéwenstern noted the social component of these meas-
ures. Since measures were underdetermined, navigators had to assess each
other’s reliability to make navigating decisions. Lowenstern reckoned that
the only trustworthy navigator on his ship was himself, writing in his
diary that, ‘It seems to me as if I were hired to ferret out the mistakes in the
ship’s reckonings’.”> He lamented the excuses made by other officers for
discrepancies between their reckonings and position, and how the excuse
would be altered if it were found unconvincing: ‘we find then immediately
some other excuse. Then it must be the fault of the high seas, the waves,
the drift’.”® For Lowenstern, only astronomical observations provided
closure for disputed measures. ‘Seldom can we determine our position
with certainty on the map without having made an observation’.””

Lowenstern placed his faith in himself and in astronomical tech-
nique over his fellows. Litke was equally reluctant to trust others. When
he sailed from St Petersburg to Portsmouth in September 1826, he
complained on reaching Elsinore that,

Usually it is here that one takes aboard pilots for the North Sea, but
very few of them really have the essential knowledge and experience
to warrant their being any real help. On the contrary, it has happened
more than once that because of the pigheadedness of these ships’
pilots, navigators have found themselves in difficulties. That is why
we find it more agreeable to proceed on our own.”8

On reaching the southern English coast, however, Litke became more
open to allowing pilots to take over. Choosing which pilot to trust
depended on personal experience and familiarity.
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The pilots were not slow in coming aboard and, by a strange fluke,
among them was a former acquaintance of mine who, nine years
previously, had piloted the corvette Kamchatka through the Spithead
roads. It was only natural to give him preference over the others.”

Record keeping was another essential part of navigation and here too
British practice played a role. Lisianskii noted how he ‘scrupulously
attended’ to a journal of his chronometer readings every day. Other
navigators reported this work as ‘tedious’.8® Stories of British naviga-
tors circulated indicating the dangers of improper record keeping.
Lowenstern reported the tale of William Robert Broughton, whose jour-
nals and charts were torn up by monkeys when his back was turned at
Port Jackson in Australia in 1795. Broughton replaced the lost charts
with inferior versions, leading him to a disastrous shipwreck off the
coast of Japan.®!

Russian solutions to problems of navigational trust thus depended on
judgments of nationality, personality and technique. Clearly, Russians
reckoned British instruments and expertise would make for more reli-
able navigation than those of other nations, reflecting a longstanding
tradition of trust in British navigational expertise. This trust was perhaps
most manifest in a widespread admiration for James Cook, whose status
among Russian naval officers in the early nineteenth century was very
high, thanks in part to their British training.%? Cook’s stellar reputation
with the Russians had a notable influence on navigation. Generally, the
circumnavigators followed Cook’s routes from Europe to Cape Horn
and the Pacific, and Russian voyages often visited places prominent on
Cook’s voyages, such as the place where he had been Kkilled in Hawai'i.
Travelling in the Pacific in the early 1820s, Otto von Kotzebue noted
that his trip to Matavai Bay, Tahiti, was because of the celebrity bestowed
upon it by Cook.?® He made sure, he wrote, to set up an observatory at
Cape Venus on ‘precisely the same spot where Cook’s Observatory had
formerly been erected’.®*

Perhaps more significantly, Cook’s measurements were taken as the
standard against which to calibrate Russian instruments and meas-
ures. The Russians often referred their measurements to Cook’s. When
Krusenstern sounded Avacha Bay on the coast of Kamchatka he found
‘the depths marked in Captain Cook’s plan of Awatscha Bay perfectly
correct. Indeed the whole plan of it [...] is drawn with an accuracy
that cannot be exceeded’.®> Cook was the limit of perfection, and so
served as a standard against which to make judgments. The journals of
Bellingshausen’s voyage of 1819-21 also recorded that they ‘accepted
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the latitude [...] as fixed by Captain Cook as true, correcting our own
reading’.8¢ On another voyage to the Pacific of 1815-18, Otto von
Kotzebue wrote ‘My calculation of the longitude of the Pallisers, agreed
with that of Cook, within three minutes. Between our latitude and
Cook’s there was no difference; I therefore had no reason to complain
of my time-keepers’.8”

Conclusion

British training might raise fears of unpatriotic Russians, and British
instruments might prove unreliable, but Captain Cook was ‘perfectly
correct’. National reputations played a role in Russian navigating deci-
sions. This reflected an enduring interaction between the British and
Russians, which evidently benefitted both sides. The Russians admired
British navigators and relied on British expertise in the construction of
the navy from the reign of Peter I onwards. Russians learned a diverse
array of navigating methods from the British, which they put to work
on circumnavigations in the early nineteenth century. No one method,
such as the use of an accurate chronometer, predominated, a situation
common across European navies, as other contributions to this volume
show. Britishness also figured in the routines of navigating on Russian
ships, part of a complex process of adjudicating between methods, instru-
ments, measurements and personnel in the effort to navigate success-
fully. Cook’s reputation helped make some of these decisions easy, and
his measurements even served to calibrate instruments. Britishness was
no guarantee for navigational reliability, however, and it was just one
element in a series of judgments.

New ideas, methods, instruments and personnel also flowed from
Russia to Britain in this period. The Academy of Sciences, the Russian
court, and the Imperial Navy all provided theoretical and practical
resources and patronage that helped transform and promote British
innovations in navigation. The British, for their part, came to be much
impressed by Russian navigators’ contributions. In 1801, the barrister
and political commentator William Hunter lamented that ‘the Russians
are far from being expert navigators’.®8 But the view was quite different
by the 1840s. English translations of accounts of Russian circumnaviga-
tions proved popular, and one translator considered Kotzebue’s voyage
to be of ‘great importance to geography and navigation’.?* The English
geographer Alexander Findlay reckoned Russian charts produced on the
voyages were the best available for some regions, and Charles Darwin
used the charts and accounts of Litke, Bellingshausen, Kotzebue and
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Krusenstern to develop his theories on coral reefs.”® Britain’s knowledge
of the oceans thus depended in significant ways on Russian expertise.
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A Different Kind of Longitude: The
Metrology of Location by Geodesy

Michael Kershaw

'Tis in vain to talk of the Use of finding the Longitude at Sea,
except that you know the true Longitude and Latitude of the
Port for which you are designed.

John Flamsteed to Samuel Pepys, 21 April 16971

Histories of longitude often start with descriptions of maritime disasters
that have been ascribed to the problem of finding longitude at sea. One
much-cited example is that of the unfortunate Admiral Sir Cloudesley
Shovell, who perished in 1707 along with at least 1,400 of his men. Several
of his fleet’s ships struck rocks off the Isles of Scilly on the way home, in
a costly failure of navigation. But a historical emphasis on the difficulties
of onboard navigation can distract our attention from uncertainties else-
where. When navigating by dead reckoning, any positional error in the
point of departure is carried throughout the voyage. In Shovell’s case, we
know that the stated longitude of his reference point — near Gibraltar — was
located too far west. Even if he had subsequently been able to compute
exactly where he was, there was considerable uncertainty as to the position
of the islands that he was trying to avoid.? The Admiral’s fate was an exem-
plar of the importance of positional accuracy both at sea and on land.
Until long after the time of Flamsteed, quoted above, the positions
of major ports were determined astronomically. It was easier to observe
the heavens from dry land than from the deck of a ship at sea. But the
problem remained that the known astronomical methods of determining
longitude were inherently imprecise. The new technique of surveying by
triangulation, developed in France during the eighteenth century, offered
potential improvement. Such surveys could fix the position of ports and
coastlines, relative to the country’s main observatory, with more precision
than any astronomer. They could also be extended to islands at the limits of
visibility from the mainland, and joined to other national triangulations.
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Even across seas, the process simplified the problem to establishing the
relative position of two national observatories, from which the configura-
tion of their country’s landmass could be determined by survey.

The use of triangulation surveys introduced, however, an entirely new
difficulty: the need for precise standards of length. Astronomical meas-
urement of latitude relied only upon measurement of angle, universally
based on the division of a circle. Astronomical measurement of longitude
relied only upon measurement of time, the units of which were defined
by the movement of the heavens. Surveying, however, relied upon the
measurement of length, the units of which were quite arbitrary. In the
absence of some easily accessible universal standard of length, as one
geodesist despairingly wrote, ‘all we can do is construct bars of metal as
standards and provide them with names’.3 These standard bars (for which
I will use the term étalons) were used to calibrate the rods that, in turn,
were used to measure the baselines that defined the scale of every triangu-
lation.* The measurement of a triangulation network is, however, insuf-
ficient on its own to deduce values of latitude and longitude. To translate
measurements of distance into latitude and longitude, we need to know
the size and shape of the Earth, and to specify the coordinates of a point
of origin — such as Greenwich — thus defining the geodetic datum.

Finding the ‘figure of the Earth’ was one of the grands projets of eight-
eenth- and nineteenth-century science. It involved the survey of vast
meridian arcs in Europe, Russia, India and the Americas. These geodetic
measurements were the most demanding of all contemporary sciences
in their need for precision in the determination of length. As a Nobel
prize-winning metrologist of the early twentieth century made clear:
‘often, in the last two centuries, geodesy has preceded metrology proper,
or at the least has driven its progress’.> Metrological historiography,
which concentrates on the metric system, only partly reflects that view.
Here we learn of the definition of the metre as one ten-millionth of the
distance from pole to equator through Paris, and its determination by
measurement of the meridian arc of France in the 1790s. We also have
an extensive history of the international adoption of the metric system
from the mid-nineteenth century, in the face of an enduring ‘battle of
the standards’ between metric and imperial norms. The metric system,
however, had limited impact on geodesy until the twentieth century,
and we must look elsewhere to understand geodetic metrology.°

This chapter examines the British and French metrologies that supported
their early geodesy. From the later eighteenth century, British and French
practitioners had reason to bring together their measurements. There
was, however, no fixed numerical conversion ratio between British and
French norms of length (and, indeed, there wasn’t until well into the
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twentieth century).” How, then, could these two groups combine results?
I will show that there was no battle of the standards here; metrological
coherence was achieved between a remarkable variety of authoritative
étalons, with different lengths, names and physical configurations, by
means of extensive comparisons from étalon to étalon. This was possible
because British and French geodesists formed networks of trust — of prac-
titioners, instruments and techniques - that reached across the Channel.
In other words, the suggestion in some of the literature that well-defined
universal standards are somehow necessary to facilitate the practice of
precision measurement is demonstrably a ‘metrological fallacy’.?

This technique of inter-comparison of étalons was extended interna-
tionally. By the end of the nineteenth century, it had become an effective
metrological basis for the establishment of the figure of the Earth, and
a firm foundation for geodetic longitude measurement. Therefore, there
were now two reliable operations for the measurement of the relative
longitude of two places. The first was determination of the difference of
astronomical time between them as a fraction of a day; the second was
determination of the distance between their two meridians as a fraction
of the circumference of the Earth.’ It was axiomatic to practitioners of
the eighteenth and nineteenth centuries that these two different kinds
of longitude (using the term in an operationalist sense) were identical.!°
I will conclude by explaining why it was found in the twentieth century
that they were wrong, and how we now use a different kind of longitude
from that with which Flamsteed was familiar.

French and British metrology

French precision metrology had its roots in seventeenth-century geodetic
measurement. There was strong control by the Académie des sciences;
clear identity between geodetic and legal measure; and innovation was
always combined with respect for historical standards. By contrast,
British metrology had no basis in geodetic practice; it embraced a variety
of institutional influences, legal definitions and competing étalons; and
it suffered from significant discontinuities. An understanding of the
relationship between French and British metrologies requires an appre-
ciation of their different natures.

The metrology of the Académie

One of the great scientific questions of the late eighteenth century was
the shape of the Earth — flattened at the poles or otherwise — a matter
often presented as a conflict between the predictions of Newtonian
and Cartesian natural philosophies. The issue could be settled only
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by measuring the length of a degree of arc at two different latitudes.
Therefore, in the 1730s, the Académie mounted geodetic expeditions
to Peru and Lapland. Consistent standards of length were essential for
their work. The then legal standard in France was a bar of rudimentary
construction, mounted outdoors for public use, known as the toise du
Chatelet. For the expedition to Peru, an improved étalon known as the
toise du Pérou was calibrated from it, constructed to new standards of
precision. It was an iron bar with a rebate at each end, exposing the two
parallel faces that defined its length.!! A second, notionally identical
bar was used on the expedition to Lapland, and the Académie made a
small number of additional copies. In due course this new toise de Pérou
replaced the foise du Chdtelet as the legal standard.

The next development in French metrology was the creation of the
metric system at the end of the eighteenth century. The benefits of a
universal measure of length, drawn from nature, were much promoted
and the choice was the metre, defined as one ten-millionth of the length
of the meridian arc from pole to equator through Paris. A re-measure-
ment of the Paris meridian followed, an extravagant project promoted
with an emphasis on the highest possible precision. For the measure-
ment of its baselines, a novel device made of platinum known as the
Borda rule was used, calibrated to be exactly twice the length of the
toise du Pérou.'? The meridian arc was therefore measured in toises. The
length of the metre was then calculated to be a particular fraction of
a toise, and construction of a platinum bar, called the archive metre,
followed. The metre was not, therefore, completely new, but derived
from the metrology of the Académie.

By the start of the nineteenth century, therefore, the practice of preci-
sion measurement in France was based on two units of length that were
linked in fixed ratio — the toise and the metre — and represented by
three étalons. The first was the toise de Pérou, now disused but the basis
for much historic data and the parent of many secondary étalons. The
second was the Borda rule, notionally twice that length, and regarded by
many as the truest étalon of geodetic length.!* The third was the archive
metre, representing a unit whose geodetic use was still limited. This
system was vastly better ordered than that across the Channel.

The metrology of Britain and its empire

The legal foundation of British length standards was the Exchequer
yard, a somewhat rough-and-ready brass bar dating back to the time
of Elizabeth I1.1* Progress in the experimental sciences brought greater
need for precision, which learned societies and instrument makers met.
By the end of the eighteenth century, a number of scales (metal rules
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inscribed with length markings) were in common use amongst men of
science as de facto standards, constructed by well-known makers such
as Troughton, Bird, Aubert and Graham. As these scales were of higher
precision than the primary standard (meaning they could be compared
and reproduced with greater certainty), they became a material collec-
tive that effectively replaced it. That was achieved by a process of mutual
grounding to establish their interrelationships, notwithstanding the
inevitable difficulties presented by the lack of any firm point of refer-
ence.!® This uncertain collective supported the geodesy of Britain and
its empire around 1800. In the calibration of the few baselines that
supported this early geodetic measurement, there is reference to as many
as seven different scales.!®

There was some prospect of order by the 1820s, as a parliamentary
committee planned a new imperial system of weights and measures.
Their starting point was to align the legal standard with that used in the
country’s geodetic operations, in particular the first baseline measured in
the 1780s. Unfortunately, they found a sizeable difference between that
particular yard and ‘every other source of authority’.!” The linkage of
legal and geodetic standards was therefore abandoned. The committee
fell back on an older étalon as legal standard, even though the points
marking its length had become enlarged by the repeated application of
beam compasses. In the face of this indeterminacy of the legal standard,
users created their own. The Royal Society procured one, which defined
a yard by the distance between two dots on gold discs set into a brass
bar. The Astronomical Society followed, with a 5-foot tubular brass scale.
In addition, the Ordnance Survey developed new baseline measuring
apparatus in the late 1820s, built by the instrument makers Troughton
and Simms, which used a 10-foot iron standard known as O, To achieve
coherence, all these standards were brought together in an extensive
exercise in mutual grounding, involving dozens of physical inter-com-
parisons over two decades.!8

Such shaky foundation as existed for this collective — the legal
standard yard — was destroyed when the Houses of Parliament burnt
down in 1834. Accordingly, a new standard had to be constructed ab
initio, based on étalons that had been compared to that lost. This took
some 20 years, during which there were significant technical advances in
materials, comparison techniques and temperature control. * However,
the imperial yard that resulted was explicitly a wholly new standard of
length, becoming yet another member of a diverse material collective.
It follows that in discussing British metrology and its coherence with
other systems, we have to look behind the units to the étalons employed
by particular users, at particular times, for their measurements.
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Metrological coherence across the Channel

In 1742, a notice was read at a Royal Society meeting:

Some curious Gentlemen both of the Royal Society of London, and of
the Royal Academy of Sciences at Paris, thinking it might be of good
Use, for the better comparing together the Success of Experiments
made in England and in France, proposed some time since, that accu-
rate Standards of the Measures and Weights of both Nations, carefully
examined, and made to agree with each other, might be laid up and
preserved in the Archives both of the Royal Society here, and of the
Royal Academy of Sciences at Paris?

As a result, two brass rods were calibrated against a standard yard kept at
the Tower of London. Both were sent to the Académie des sciences to be
marked off against a Paris half-toise, and one bar was then returned to
London. Here, the yard and half-toise were compared and found to be
related to each other in the ratio 107 to 114. In Paris, repeating the compar-
ison independently produced a near-identical result.?! It was explicit that
this comparison between particular étalons was only for the use of men of
science, and emphatically not for the establishment of ‘the just and legal
Proportions between the Weights and Measures of both Nations’.??

We do not know what experiments the members of the respective acad-
emies had in mind, and a quarter of a century passed before the compar-
ison of French and British units was referred to again. The cause was the
first British arc measurement, carried out by Charles Mason and Jeremiah
Dixon, two English astronomer-surveyors, in the 1760s. While surveying
a boundary between the colonies of Pennsylvania and Maryland, the
availability of an easily measured north-south line prompted them to
seek the Royal Society’s support in carrying out an arc measurement. The
interest in the result, the length of a degree of arc at that latitude, was in
its comparison to data from other arcs. That data was mainly French, and
therefore expressed in toises. In considering the conversion of the British
result from feet to toises, the Astronomer Royal expressed some disquiet as
to the accuracy of the previously established ratio. He therefore procured
a trusted copy of the toise de Pérou and commissioned a British instrument
maker to make a new comparison against the Royal Society scale. The
new result was inevitably, and inexplicably, slightly different.?> We see
from this exercise that there was a geodetic need to allow British results
to be made commensurable with French data, but we are unable to judge
the success of the unilateral conversion. The proper test of coherence
between metrologies is that comparable results must be obtained when
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the techniques and standards of different users are applied independently
to measurement of the same phenomena. That test soon followed.

Metrologies meet by triangulation

The metrologies of Britain and France first met by geodetic triangula-
tion across the Channel. During the eighteenth century, the observa-
tories of Paris and Greenwich were the most important in the world,
defining the two most-used reference meridians. They provided data for
annual publication in the Connaissance des temps and Nautical Almanac,
one or other of which was a vade mecum for navigators using astro-
nomical techniques. These annuals contained astronomical tables for
determining longitude, and the measured longitude of important loca-
tions - referred to a zero of longitude through Paris or Greenwich respec-
tively. Both publications, however, relied in part upon data from the
other country’s observatory, necessarily adjusted for their difference in
longitude. Therefore, if a re-measurement caused a notional movement
of Greenwich relative to Paris, various far-flung parts of the British and
French empires would do the same in sympathy. Their relative longitude
was therefore a matter of importance, but also of considerable uncer-
tainty.2* Improved accuracy was promised by the possibility of forming
a trigonometric junction between the two observatories.

The initiative was French, and followed the successful triangulation
of that country in the mid-eighteenth century, led by the astronomer
Cassini de Thury. He argued that an extension of the triangulation to
Greenwich was uniquely important in allowing the determination of the
relative positions of the two ‘most celebrated’ observatories in Europe
within a distance of a few toises.?> In 1783, the Académie presented a
memorial proposing the extension and the following year Joseph Banks,
President of the Royal Society, gave instructions for the project to proceed.
Preparations commenced for the measurement of baselines in England,
and for triangulations from Greenwich to Dover and across the Channel.2°
This last exercise has been portrayed as a competitive endeavour that, ‘for
a while turned the coast of the English Channel into an arena for techno-
logical rivalry between Britain and France’.?” It was true that the British
and French adopted different measurement techniques but, at the level of
the practitioners, there was a spirit of co-operation. The French team, led
by Jean-Dominique Cassini (son of Cassini de Thury), spent time at Dover
Castle with General Roy, the British military engineer and surveyor, to
plan the measurements. Roy wrote of the pleasure of the company and
that everything was settled ‘in the most amicable manner possible’.28

The cross-channel observations measured only the angles of the trian-
gles joining the chosen stations in England and France (Figure 8.1). For



(wod'AdswnIpraep'mmm uond[o) dej Asswny praed 3YL) Ysie]\ Aouwioyg
UO UOTIBITJLIDA JO 3seq Y3 ST }Se0d YSI[SUY dY3 183U aUI] p[oq YL "(06L1) 08 ‘suonovsuvi], jpoydosojiyd ‘,uonersdo
[EDII2UWIOUOSII], 3} JO JUNOXIY UY, ‘AOY WRI[[IM Ul ,PIUTIISIP U] SBY SIBJ PUB YIIMUIIIL) JO SILIOIRAIISAO
[eA0Y U3 U29M}q 2DURISI(] Y} AQIdYM SI[SUPRIIL 33 JO Ue[J, U} WOIJ ‘UOIIR[NSULLI) [QUURYD-SSOID dUL ['Q 24Nl




142 Michael Kershaw

the metrologies of Britain and France to meet, a scale of length had to
be determined on each side of the Channel, by joining the triangles to a
national baseline. In England, the triangulation was extended, via a base
of verification on Romney Marsh, to the country’s new primary base on
Hounslow Heath (now Heathrow Airport). Both bases were measured,
using new techniques of glass rods and metal chains, in feet derived
from the Royal Society’s scale.?’ In France, the coastal triangulation
was connected via the existing meridian triangulation to the country’s
primary base near Paris. That had been measured by Cassini de Thury in
the 1740s, using new techniques of metal measuring rods, painstakingly
calibrated against the toise de Chdtelet.3° Thus the metrologies of Britain
and France met. The base at Hounslow Heath was connected by a series
of nearly 70 British and French triangles to the base near Paris. Those
bases were almost certainly the two most precisely measured distances
in the world, but they were defined in different units.

Coherence was tested by computing the length of an intermediate base
at Dunkirk from each national primary base and the intervening triangu-
lation. Over a distance of about eight miles, the British and French results
differed only by about one foot. Roy wrote of the ‘wonderful degree of accu-
racy [of] operations of this sort’, and the French were content too, even if
not quite so self-confident. For them, the agreement was as ‘surprising as
it was satisfying’.3! Yet the two accounts scarcely mention the translation
between metrologies that was necessary to compare results. Roy’s account
is set out mainly in feet, while Cassini expressed his results almost entirely
in toises. The conversion ratio is never explicit. In fact, to understand
how conversions were made, we need to look at a plate at the end of
Roy’s account, which gives the ratio. Cassini does not even mention the
subject, and we need to look elsewhere, at a later French translation of
Roy’s account, to find what we would now describe as a ready reckoner
for conversion.?? This was based on the comparison carried out 30 years
earlier for the arc measurement of Mason and Dixon.

That comparison had linked not any norms of British and French
length measurement, but specifically the two étalons that later were to
support each side of cross-channel triangulation. On the English side,
the bases were defined in terms of feet of the Royal Society’s scale.
On the French side, the Paris base was defined in terms of the toise de
Chatelet. The conversion ratio had been derived from precisely these two
étalons.®® The ratio was a mutually understood fact, based on interaction
between the two institutions. It was implicit in the way they mixed their
observations without commentary, and in their conclusion that any
constraints on accuracy were perceived to arise from sources other than
the conversion between metrologies. For these users their metrologies
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were effectively coherent. Such coherence was the result of the physical
comparisons between étalons, within a network of trust of practitioners,
instruments and standards that brought experimental success.

Metrologies meet with the seconds pendulum

The next meeting of British and French metrology arose in a different
way - through gravimetric experimentation, in which the length of a
seconds pendulum (a pendulum with a period of oscillation of exactly
one second) is determined at different latitudes. Although historians have
paid less attention to pendulum experiments than to arc measurements,
they were an important part of the science of geodesy and contributed
significantly to the determination of the figure of the Earth.3* Again,
the French led the way. An expedition to French Guiana, mounted by
the Académie in the 1670s, was the first to note that a pendulum clock
beat slower at this latitude than at Paris, and subsequent expeditions to
Lapland and Peru therefore travelled with pendulums. In the mid-eight-
eenth century, the mathematician Alexis Clairault provided a theoretical
basis for computation of the Earth’s ellipticity from local determinations
of gravity and, by the early nineteenth century, the British too were
very active in the field. This section will describe briefly the pendulum
techniques that each country adopted, showing how their results were
linked to local étalons of length and then brought together.

There is a close connection between pendulums and metrology. It is
a product of Newtonian mechanics that the period of oscillation of a
simple pendulum varies only with the square root of its length; it follows,
in principle at least, that the seconds pendulum offers a way of defining
a standard of length. It was occasionally proposed as a standard during
the seventeenth and eighteenth centuries, though never adopted. Again,
when the metric system was being conceived, the seconds pendulum was
given serious consideration, even though a standard based on the size of
the Earth prevailed. When the British created new imperial standards in
the 1820s, they provided for recreation of the yard étalon, in the event
of its loss, by definition of the length of a seconds pendulum beating
in London.® Thus, while the seconds pendulum might be considered
a perpetual runner-up as a standard of length, it was a fairly close one,
and the identity between pendulum experiments and precision meas-
urement of length was well established.

Pendulum experimentation is surprisingly complex, both in terms of
the construction of the apparatus and the corrections needed to compen-
sate for factors such as drag and lift from the atmosphere, elasticity of
the suspension, the changing arc of the swing, and adjustments to sea
level. The basic technique relied upon a pendulum swinging for several



144 Michael Kershaw

hours, at a slightly different rate to the pendulum of an astronomically
regulated clock; observation of the infrequent but regular coincidences
between the two allows the pendulum rate to be determined. A very
large and sophisticated pendulum apparatus that Borda created, and cali-
brated against the Borda rule itself, was employed at the Observatoire de
Paris in 1792.3% Later, and in the field, French practitioners used shorter
pendulums for convenience, calibrated against a standard metre.?”
British techniques were somewhat different and emerged from work by
Henry Kater as a member of a pendulum committee established by the
Royal Society; but again, calibration was diligent, this time using what
was known as the scale of Shuckburgh.3® Until the early nineteenth
century the two groups of practitioners operated in different places, so
their experimental results remained incommensurable. But, towards
1820, geodetic necessity caused their operations to overlap geographi-
cally, and we can assess the coherence of their metrologies.

The first places at which both French and British pendulums were swung
were, somewhat curiously, Edinburgh and Unst, one of the northern
Shetland Islands. A French expedition to Scotland was part of a project
to take measurements along an extended meridian arc through France:
although a southerly extension by triangulation through Spain to the
Balearic isles had been achieved, it was not possible to the north. In part,
that was because the triangulation of England was still work-in-progress,
and, in part, because an English arc extension would necessarily be slightly
to the west of the Paris meridian. It was thought, however, that pendulum
determinations were less troubled by such small irregularities. Accordingly,
Jean-Baptiste Biot, a French astronomer and mathematician, set outin 1817
to carry out pendulum measurements in England and Scotland, using the
same apparatus that had served him earlier in France and Spain. He was
followed one year later by Kater, who had been instructed to determine the
length of a seconds pendulum in London and at the principal stations of
the Ordnance Survey, again in connection with the processes instigated by
Parliament to improve standards of weights and measures.

Biot’s visit was a cooperative endeavour. He arrived in England laden
with pendulums, repeating circle, astronomical clock and chronometers.
Under the auspices of the influential Banks ‘everything became easy’. Biot
had support from the Ordnance Survey, whose officers accompanied him
on his journey; from the Navy, who provided a brig to transport him and
his equipment; from the Astronomer Royal, who offered him ‘every facility
imaginable’ on a return trip via Greenwich; and from the Royal Society,
which allowed use of their platinum metre étalon, which Biot himself
had previously verified in Paris, to check the calibration of his pendulum
after use in the field. It was slow, disagreeable and difficult fieldwork. His
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pendulums were swung in an empty cow-shed, and his portable observa-
tory set up in a garden nearby; all this on an island that Biot described
as ‘foggy, rocky, without roads and without trees [...] a kingdom of rain,
wind and tempest [...] the atmosphere always cold and wet’.3 Such rigours
notwithstanding, Kater followed in Biot’s footsteps (Figure 8.2).

Kater published first, and could only make preliminary, though
encouraging comparisons with Biot’s work.*’ Biot published second, and
could do the job properly. The results showed that they differed as to the
length of a seconds pendulum at Edinburgh and Unst by less than 0.002
millimetres, or about 2 parts per million.*! These comparisons relied on
the conversion of Kater’s data into metres. The parliamentary instruc-
tions for Kater’s pendulum experiments had required him not only to
determine the length of pendulums in London and at the stations of
the Ordnance Survey in terms of the British standard of length, but also
to compare that standard with the new continental standard.*? As a
result, he had undertaken exhaustive comparisons of two metre étalons
calibrated in Paris, and had published a conversion factor: 1 metre was
equal to 39.37079 inches of the Shuckburgh scale.*? It was by using this
conversion ratio that Biot’s and Kater’s results agreed so closely. Biot
concluded that the French and British pendulum apparatuses were
equally good, giving ‘exactly the same results when used in the same
location and with equal care’.#* That conclusion rested on coherence
between English and French experimental technique and metrology.

Just as striking was the confidence in the accuracy of the conversion
between length standards, illustrated by the way in which inconsistencies
in experimental results were approached. There were by now three avail-
able values for the length of a seconds pendulum in Paris. Two had been
measured directly, and a third could be derived from Kater’s determina-
tion in London, adjusted for the relative gravitational fields and converted
from inches to millimetres. The discrepancy between highest and lowest
results, as much as 40 parts per million, was significant. However, suspi-
cion did not fall on the metrology, rather on possible imperfections of the
measurement processes.*> That suspicion was actually correct: resolution
was obtained a few years later by Britain’s most prominent practitioner
of pendulum experiments, Edward Sabine, who re-measured the relative
gravitational fields at Greenwich and Paris. Using this revised determina-
tion, but with the same conversion ratio between Shuckburgh feet and
metres, the discrepancies were almost completely eliminated.*6

Itis therefore clear that for the purposes of gravimetric experimentation
in the early nineteenth century, the metrologies of Britain and France
were coherent. They were linked by a single ratio between two étalons,
determined from comparisons of the Shuckburgh foot scale to a metre
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Figure 8.2 Memorial to Biot and Kater, erected by Thomas Edmondson, host to
both scientific visitors © RCAHMS. Licensor www.rcahms.gov.uk
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étalon of irreproachable provenance. This ratio was incommensurable
with the ratio recently used by geodetic practitioners to link the trian-
gulations of England and France, which was based on the Royal Society
scale and the toise du Chadtelet. Yet it was just as much a mutually under-
stood fact, only for a different group of users with different techniques.
These practitioners of gravimetric experimentation formed a network of
trust capable of coherently assembling data based on different standards
of length, in just the same way — based on comparisons from étalon to
étalon — as earlier geodesists were able to join triangulations.

Further meetings by triangulation

Ever more precise determination of the relative positions of the observ-
atories of Greenwich and Paris was a continuing theme. The Board of
Longitude and the Bureau des longitudes carried out a second cross-
channel triangulation in the 1820s, although the results were never
published in full, while a third was completed in the 1860s.*” As will
be shown, effective metrological coherence was achieved once again,
despite this being at a time when, the literature tells us, the ‘battle of
the standards’ was fully engaged.*8 The reasons for another triangulation
were twofold. The first was to refine further the coherence of astronom-
ical and navigational data published by the Paris and Greenwich observa-
tories. The second was to refine knowledge of the figure of the Earth,
taking advantage of new telegraphic techniques for measuring longitude.
The triangulation of Great Britain had recently been completed and it
had been proposed that by linking this with the triangulations of France,
Belgium, Prussia and Russia, a vast arc of parallel, subtending 75 degrees
from the Atlantic to near the Caspian Sea, could be measured.*’ The use
of the electric telegraph to determine the relative longitudes of the ends
of the arc would then provide a ‘crucial test’ of the figure of the Earth.>°
The precision of the existing cross-channel linkage, which formed part of
the arc, was considered inadequate, so it had to be re-measured.

There were, as with the first cross-channel triangulation, issues of compe-
tition. British geodesy was in the ascendant. The Principal Triangulation
of Great Britain, undertaken in the first half of the nineteenth century, set
new standards of instrumental and mathematical technique. In contrast,
post-Napoleonic French geodesy had not regained its former promi-
nence. This partly reflected a perception that the measurement of the
metric meridian had exhausted the subject, as well as a shift to military
surveying of comparatively low precision.>! So when a British proposal for
a new cross-channel triangulation arrived in 1860, there were few French
officers left with relevant experience, and any instruments they had
were dilapidated. The French accepted the challenge, but the team was a
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reflection of their limited capabilities: it was led by a veteran who retired
during the fieldwork, assisted by two young captains, neither of whom
had undertaken geodetic work since leaving their staff college. It was, for
the French, a baptism of a new generation of officers.? The British, by
contrast, fielded a full and experienced team, including the renowned
Alexander Ross Clarke, head of the Trigonometrical Department of the
Ordnance Survey and recently responsible for the intricate computation
of the results of the Principal Triangulation.

The project’s execution was another highly collaborative exercise. The
Ordnance Survey officers went to Boulogne to meet their French coun-
terparts and make arrangements. The French and British teams made all
cross-channel observations in duplicate and constructed the coastal trian-
gulation stations at shared expense. The British account of the project
includes correspondence involving the British Ambassador in Paris, the
French Ministers of War and Foreign Affairs and even the French and
British customs, as evidence of the depth of the collaboration.>® The French
officers wrote ‘from the heart’ of the excellent relations with the British
engineers, described from the British side as a ‘most perfect accord’.>* The
British account is matter-of-fact, though it clearly required some endur-
ance to live under canvas in severe winter weather, nonetheless thought
better than the ‘miserable hovels’ in that part of France.>® It was, however,
routine for the British — even the long measurements across water, because
the Principal Triangulation had been extended to Ireland and the Shetlands.
The French account, by contrast, is a sorry tale of difficulties with instru-
mentation and delays through rain, fog and gales; they struggled on but
their fieldwork took months longer than that of the British.

On the British side, the coastal triangles were linked to the Principal
Triangulation. Its scale was determined by two bases, in Northern Ireland
and on Salisbury Plain, which had been measured with the Ordnance
Survey’s base apparatus. On the French side, the triangles were joined to
those of the metric meridian near Dunkirk, and thence to its base near
Paris. As had been the case in the 1780s, the cross-channel triangulation
provided a link between what were probably the most precisely measured
distances in the world, and the results were satisfactory. The difference
in length of the sides of the cross-channel triangles, as computed by the
British and the French, was only a few parts per million. The French wrote
that, even if the excellent agreement might be due in part to the compen-
sating errors that occur in all triangulations, the result ‘might inspire
some confidence’.5¢ The British, probably reflecting their limited faith in
the capabilities of the French, called the agreement ‘truly surprising’.5’

The accounts, however, gloss over the different metrologies, with the
British bases having been measured in Ordnance feet and the French base
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in toises of the Borda rule. The British account gives no more than the
logarithm of an unexplained conversion ratio, while the French makes
no mention at all. That, I suggest, is because again the issue was so well
understood. The mutual grounding of the various British étalons, both
amongst themselves and with French ones, had been continuous during
the first half of the nineteenth century, and gave the precise answer —
albeit somewhat inelegantly, since the relationship between Ordnance
Survey bar O, and the Borda rule had only been established via a series of
intermediary étalons. 58 But the physical comparisons had been carried out
with the utmost diligence, repeated at closely controlled temperatures, by
multiple observers, using the best contemporary comparator technology.
Once again, French and British metrology was made coherent by compar-
ison from étalon to étalon — different étalons to those described earlier, with
a numerical ratio that was different to either previous example. And, once
again, the group of users collaborated in a network of trust.

The figure of the Earth

Geodetic measurement in the nineteenth century was an increasingly
international, rather than Anglo-French, affair and one of its principal
purposes remained the determination of the figure of the Earth. One
aspect was the project to measure the arc of the 52nd parallel, of which
the third cross-channel triangulation had formed part. This was the
catalyst for yet wider inter-comparison of geodetic étalons and refine-
ment of geodetic metrology. As Alexander Ross Clarke of the Ordnance
Survey wrote, until the relative lengths of those standards used along
the arc were known, ‘it would be impossible accurately to express the
length of the arc of parallel in terms of any one of the standards.’”>®
What followed was an invitation by the British Government to various
countries to send their standards for comparison. A new comparator
apparatus of remarkable sophistication and precision was installed in
a purpose-built room at the Ordnance Survey in Southampton. Here,
étalons compared in the 1860s included various bars from Britain and
its empire, the standard toises of Belgium and Prussia, and the Russian
double-toise; many others followed.®°

During the nineteenth century the figure of the Earth was continually
refined, as additional arc measurements were made and the metrological
coherence of data was improved. For example, when the Astronomer
Royal George Airy published the dimensions of what is known as the
Airy 1830 spheroid, he had data from arcs together subtending about 45
degrees, and used a single conversion ratio between British and conti-
nental measures.®! Likewise, the Clarke 1866 spheroid drew on data from
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arcs subtending nearly twice that distance, while Clarke’s comparisons at
Southampton made the relationship between the various British, European
and Russian étalons much more secure. That said, any nineteenth-century
figure of the Earth remained a somewhat curious metrological hybrid. Of
the total amplitude of the arcs Clarke used, less than half was measured
using any foot standards; other contributions were from arcs using the
Russian toise and sazhen, German toise, the Borda rule, the toise de Pérou
and others. In addition, although most of this data was incorporated on
the basis of diligent comparisons étalon to étalon, there were always loose
ends.®? Therefore, we can never be sure of the exact the length of the
foot or toise used in any published figure of the Earth in the nineteenth
century. However, the process was good enough for its purpose. Towards
the end of the century, as successive determinations converged, the work
was deemed complete. Major John Herschel, a respected British military
geodesist, expressed that position in the 1880s: ‘we do actually know the
mean figure of the earth as well as we can know it’.%3 There was, at last, an
apparently secure basis for the geodetic mapping of the world.

Conclusion

In this chapter I have emphasized the importance of metrological coher-
ence to geodesy, first between Britain and France and then internation-
ally. I have shown that metrological coherence was achieved not at the
level of any norms, but at the level of the étalon. If it were necessary
for metrologies to meet, comparisons were made between the partic-
ular étalons that supported the relevant experimental work. Between
Britain and France the Royal Society’s scale met the toise de Chatelet, the
Shuckburgh scale met the archive metre, and the Ordnance foot met the
Borda rule. Each of these numerically different, effectively incommensu-
rable, conversions was fit for its particular purpose.®* The same was true
across Europe, Russia and the British Empire.

Historians have paid little attention to metrological coherence. To the
extent that they do address the relationship between British and French
practice, it is generally through the ‘battle of the standards’. There is,
however, no evidence of metrological conflict amongst men of science.
Rather, as Gavin de Beer and others have argued, the sciences of Britain and
France were highly collaborative during the eighteenth and nineteenth
centuries.®> In observing how British and French practitioners brought
their geodetic and gravimetric measurements together, I have explored this
collaboration in new detail. Looking at the techniques and étalons actually
used by practitioners of different nations has shown how they were able
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effectively to share and combine data, despite their different and devel-
oping metrologies. Practitioners formed networks of trust, evidenced by
the mutual grounding of their experimental results, institutional interac-
tions and face-to-face encounters. Within each of these networks, multiple
étalons could be embraced, with metrological coherence maintained by
inter-comparisons of those trusted artefacts. As Airy wrote, when rejecting
the need for any legal metric standards for use in Great Britain:

I do not think that the question of a certified standard needs to be
raised; not because a scientific standard is unimportant, but because
men of science require moral and not legal evidence, and will be
satisfied with the authority of any standard of which the derivation
and subsequent custody are known from communications such as are
usual between learned societies and men of science.5°

In those words, he neatly summarizes the practices of nineteenth-cen-
tury metrology at the frontier of precision.

This metrological system supported a vast endeavour of geodetic
surveying, one that during the later nineteenth century covered all
of Europe and much of North America in a network of triangles. At
the same time new astronomical techniques of longitude determina-
tion, employing the electric telegraph, facilitated the establishment
of a global web of longitude measurements. These two operations of
measurement were complementary and of broadly similar precision.
Uncertainties were of the order of a few metres for the determination of
geodetic distances across countries, or of hundredths of a second for the
determination of astronomical longitude by telegraph (the two linked
mathematically by the figure of the Earth). For practitioners there was,
in any event, only one kind of longitude. Accordingly, minor differences
between geodetic and astronomical operations of measurement simply
provided more data for refining the figure of the Earth, and its local
physical and gravitational anomalies, to make those results coherent.®’

The search for what Flamsteed called the ‘true longitude and latitude’
by astronomical means was, however, chimerical because — as a time-
keeper — there is something wrong with the Earth. Its speed of rotation is
gradually slowing and shows seasonal variations; the position of its rota-
tional axis moves unpredictably; and changes deep within it alter the
direction of the local gravitational field. All this became apparent during
the twentieth century as photographic techniques of astronomical
observation, and new electric and atomic clocks, offered ever-improving
precision.®® It had been implicit in the adoption of the Earth’s rotation
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as the basis for our standard of time that it provided a linear flow — what
we call Newtonian time — and that was now demonstrably not the case.
Therefore, the unspoken assumption that the two operationally distinct
kinds of longitude, as measured by astronomical time and by distance,
were identical turned out to be incorrect. We are thus invited to choose
between the two operations. Because it is only measurement of distance
that gives us the desired invariability of outcome, we use it today - facili-
tated, of course, by modern methods of electromagnetic distance meas-
urement, on land and from satellites, supported by atomic standards of
time and length.%® The observation by Flamsteed that introduced this
chapter remains, however, as valid as it was three centuries ago.
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Testing Longitude Methods in
Mid-Eighteenth Century France

Danielle M. E. Fauque

Between 1767 and 1772, four voyages took place that tested the
different methods for finding longitude at sea. Pierre Le Roy’s watches
were tested on the Aurore (1767) and Enjouée (1769), and Ferdinand
Berthoud'’s clocks on the Isis in the same period (1768-69). On the Flore
(1771-72), Berthoud’s and Le Roy’s timekeepers were tested concur-
rently. During these same voyages, octants and sextants revealed their
qualities as the instruments best suited to the lunar distance method.
The trials on the Flore effectively closed the quest for longitude at sea
in France. The four expeditions were also representative of the period,
and each showed progress regarding methods of control. From the
amateurism exhibited on the Aurore to the rigorous methods practised
with a team spirit on the Flore, the different elements of scientific expe-
ditions and a learned navy came into place in France at the end of the
eighteenth century.

The longitude question at the Académie royale
des sciences

Although secondary literature on longitude at sea often focuses on
the British Board of Longitude, the question was equally important
in France from the second half of the seventeenth century, in partic-
ular through Christiaan Huygens’s work on the use of pendulums
and spiral springs for clocks. The results at sea, however, had been
disappointing.! In Britain, the Longitude Act of 1714 gave the matter
renewed prominence. This was true in France too, probably encour-
aged by the size of the British rewards. One initially promising idea
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was a prize of 100,000 livres proposed by the regent Philippe d’Orléans,
largely in response to the many proposals received by the Conseil
de Marine.? In the event, however, the money did not materialize.
A more successful scheme arose from the comte Rouillé de Meslay’s
bequest to the Académie to create a biennial prize for contributions
towards advances in knowledge, with special reference to navigation.
Prizes for the determination of time at sea were awarded in 1720 (for
a method using pendulum clocks), 1725 (for an essay on water clocks
and hourglasses) and 1745, postponed until 1747 (for determination
of time by astronomical observations). Timekeeping was not set again
as a subject until 1765, however, although prizes were awarded for
other innovations.?

French efforts in the first quarter of the eighteenth century focused
on finding a mechanical solution for determining longitude. In 1716,
Henry Sully, an English clockmaker working in France, submitted a clock
that the Académie thought excellent.* Seven years later, he presented
a clock that was tested at sea and found promising, and published an
account in 1726.5 Appointed horloger to the duc d’Orléans, he had
worked with the celebrated clockmaker Julien Le Roy, whose ideas were
taken up and continued by Berthoud and Pierre Le Roy, Julien’s son. By
the time he died in 1728, however, Sully’s innovations had not been
properly tested.®

The Académie received many other proposals, some independently
of the Meslay prize, and these became more numerous after 1748. The
academicians deputed to examine them were the astronomer Pierre
Bouguer, an authority on navigation, Henri-Louis Duhamel de Monceau,
a general inspector of the navy, the mathematician Alexis Clairaut, and
Alexandre-Guy Pingré, an astronomer and navigator.” Through his work
as an assessor, Bouguer was therefore responsible for examining all
longitude proposals. Yet he rejected mechanical proposals, in particular
clocks, because, he said, no perfect timekeeper yet existed and there
was little prospect that one would ever be built. In his eyes, only astro-
nomical methods might allow longitude to be determined precisely.
His critical reports must have impeded French horological efforts.® The
lunar method was also favoured by some naval officers in the 1750s,
notably Jean-Baptiste d’Aprés de Mannevillette.” Yet the calculations
were long and tedious. Nicolas-Louis de Lacaille, astronomer and friend
of Bouguer, therefore devised a method that would be ‘usable by the
ordinary sailor’, believing that lunar observations offered the only hope
of a longitude method.!?
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French reactions to John Harrison’s invention
(1763-67)

Although some individuals in France had been working on the longi-
tude problem, wider interest came with news of the first trials of
John Harrison’s sea watch (H4). In 1763, the French Ambassador in
London wrote to the Ministre des Affaires étrangeres, César-Gabriel
de Choiseul, duc de Praslin, that H4 had been tested between Britain
and Jamaica and that it was to be publicly examined to determine
whether it deserved the ‘prize’ of ‘100,000 livres’.!! Clockmakers and
members of the scientific community wishing to attend were invited
to apply to the Board of Longitude; the Ambassador recommended
sending a savant and a skilled clockmaker.'? The letter was passed to
the Ministre de la Guerre et de la Marine and to the Académie royale
des sciences, which decided that the mathematician Charles Camus
should go to London with clockmaker Ferdinand Berthoud (1727-
1807).!* The Treaty of Paris also having brought the Seven Years’
War to an end, news of H4 was spreading. The astronomer Jérome de
Lalande immediately left for London, where he was able to see H4,
thanks to the intervention of Harrison’s friend, James Short, and meet
Nevil Maskelyne.!* When Camus and Berthoud reached London some
weeks later, however, Harrison refused to show them the sea watch,
even though Lalande was with them.!®

The Académie’s choice of Berthoud acknowledged his status as one
of France’s leading clockmakers, with a known interest in marine
horology, demonstrated in his Essai sur I’horlogerie.'® Berthoud had
lodged sealed letters concerning a marine clock with the Académie as
early as 1754, then two in 1760.!7 These were opened formally in 1763,
after Berthoud’s return from London.!® By 1764, he had finished two
new clocks, designated numbers 2 and 3, the designs of which showed
the influence of Harrison’s ideas. Number 3 was tested off Brest.!”
Berthoud also recognized the commercial advantages of making links
with the navy, and he was already working to develop good relations
with the Ministre de la Marine.

Over the same period, another celebrated clockmaker, Pierre Le Roy
(1712-85), was working on marine timepieces. Coming from a family
well connected to the Académie, Le Roy had inherited his father’s title
of Horloger du Roi. Like Berthoud, he first declared an interest in marine
timekeepers with a sealed letter to the Académie in 1754, opened in
1763.2° The same year, he read a memorial on the marine watch that he
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deposited with the Académie in August 1764.2! The Académie therefore
decided that a committee appointed to examine Berthoud’s instruments
should report on Le Roy’s as well.?

Thus, longitude was high on the Académie’s agenda by 1765, and
further news came from Britain on 23 February, when the astronomer
Pierre-Charles Le Monnier described H4’s Barbados trial.?®> Within two
months, the Académie announced that its next Meslay prize would be,
‘On the best method of determining time at sea’, with 2,000 livres to
be awarded after sea trials.?* Towards the end of 1765, the Ministére
de la Marine authorized Berthoud to make a second visit to London.?
Back in Paris in mid-March, he reported that an unnamed commissioner
(Thomas Mudge) had described Harrison’s mechanism in enough detail
to understand its intricacies, although making a copy would be chal-
lenging, given the lack of skills in France. Berthoud therefore asked for
a pension of 3,000 livres to devote himself to marine clocks.?® He later
modified his request and in March 1766 submitted a plan of work to
Choiseul, which he later sent to the duc de Praslin, by then Ministre de
la Marine. The king promised 9,600 livres for two clocks, to be paid as
work progressed and subject to trials.?” Numbered 6 and 8, these were
tested on the voyages described below. At the time, it seems, the judge-
ment of the Académie counted for less than Berthoud’s contract with
the Ministre de la Marine.

Meanwhile, Le Roy was working on a marine watch for the same
competition.? With entrants required to submit their timekeepers
and documents before the Académie’s annual closure on 5 September,
Fouchy was sent to discover Berthoud’s intentions.?® Berthoud felt,
however, that he was not ready.3® Meanwhile, Le Monnier reported
that Le Roy had submitted a watch suited to extreme climates. ‘When
the prizes are announced at the public session after Easter,” he wrote,
‘we shall express the praise that the marine watch of the son of the
late M. Julien Le Roy merits. But we cannot award the prize for this
excellent watch, since we do not know how it will function at sea’.3!
He added that the watch should be tested in all conditions, as the
Marquis de Courtanvaux intended. In the light of Maskelyne’s criti-
cisms of H4 following further tests at the Royal Observatory, and the
resulting disputes, French observers also concluded that H4’s sea trials
had been in undemanding climates.3? Theirs should take place in more
extreme conditions.

Berthoud and Le Roy had been in close competition, therefore,
from the moment they almost simultaneously submitted memorials
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and drawings. Henceforth their paths diverged. Berthoud courted the
Ministere de la Marine; Le Roy felt he could count on the academic
community of which he was an insider, something Le Monnier recog-
nized in stressing Le Roy’s family background over his horological
standing. Tellingly, Berthoud had struggled for acceptance into the
Parisian corporation of clockmakers since his arrival from Switzerland
20 years earlier.?® Other significant figures also appeared on the scene
in 1766 and 1767. New instruments for the lunar distance method were
presented: a binocular telescope by the abbé Alexis de Rochon; and the
‘mégametre’ devised by the chevalier Charles-Frangois de Charniéres.3*
Another key figure would be the naval ensign Charles Claret d’Eveux de
Fleurieu, who was familiar with Berthoud’s clocks.

Four test voyages

Between 1767 and 1772, four voyages tested the timekeepers alongside
other methods for finding longitude at sea, and were sources of recur-
ring tensions between the Ministére and the Académie.?® Le Roy’s sea
clocks were tested on the Aurore (1767) and Enjouée (1768), each at the
Académie’s request for Meslay prizes, while Berthoud’s clocks underwent
trial on the Isis (1768-69) under the supervision of the Ministére de la
Marine. The fourth voyage, on the Flore, was different. Frustrated by Le
Roy’s and Berthoud'’s competing claims, the king (through his minister)
decreed that the rival timekeepers should be tested simultaneously.*®
The Ministére de la Marine and the Académie therefore mounted the
Flore voyage jointly.

The Aurore (1767)

By September 1766, of the clocks and other instruments put forward to
compete, only Le Roy’s watch had proved satisfactory, following tests
on land and a river vessel. The conditions of the Meslay prize required
a sea trial, however, and the marquis de Courtanvaux, Francois César
Le Tellier de Louvois, an honorary academician, offered to fit out a
ship at his own expense. As he observed of H4, its error was measured
only at the end of its sea trial, with no account of variations during
the crossing. It was conceivable that it was the net result of irregu-
larities that in part had compensated for one another. Courtanvaux
argued, therefore, that the watch’s performance should be checked at
intermediate intervals. To that end, he paid for the construction in
Le Havre of a light, fast vessel with a shallow draft that could enter
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small ports. Designed by Nicolas-Marie Ozanne, the luxurious 66-foot
(22.4m) corvette with a crew of 22 was named Aurore (Figure 9.1) and
accorded the status of royal frigate.

Courtanvaux was accompanied by Pingré, Le Roy and the astronomer
Charles Messier.*” Le Roy left for Le Havre with two watches: the one
demonstrated before the king on 5 August 1766 (later designated ‘A’)
and a new watch (‘S’), although only watch A was considered for the
Meslay prize. Instruments for testing the watches (transit instrument,
quadrant, astronomical pendulum and telescope) were also taken, as
well as compasses, an octant, barometers and Charniéres’s mégamétre.
Observations began after Le Roy handed over his watch on 15 May 1767,
and the Aurore left Le Havre on 25 May, intending to sail to St Petersburg
via Amsterdam, with intermediate stops to check the watch’s perform-
ance on land. In the event, however, poor conditions meant that they
did not reach Amsterdam until 11 July, too late for a voyage to the Baltic

Figure 9.1 L’Aurore, from Francois César Le Tellier, marquis de Courtanvaux,
Journal du voyage de M. le Marquis de Courtanvaux, ed. by Alexandre Guy Pingré
(Paris: Imprimerie royale, 1768) © National Maritime Museum, Greenwich
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that could return before winter. The Aurore left Amsterdam on 22 July
and arrived back in Le Havre on 28 August.

At each stop, A was found to be fast. Le Roy attributed this to the
lengthening of a metal harpsichord string used in the movement, which
had broken before reaching Le Havre and been repaired as best Le Roy
was able. Nevertheless, the watch settled and the acceleration dimin-
ished. S worked better, maintaining a satistactory rate. The Aurore’s light-
ness meant that it rolled badly, disturbing the watches’ performances.
The results at the end of each leg showed, however, that the overall error
for the 98-day journey had nothing to do with compensating errors, as
had been suggested of H4. Still, the error of 51 seconds for watch A was
too large for the prize to be awarded, although Le Roy considered the
voyage a valuable opportunity for improving his watches. Tests of the
mégametre yielded no significant results.

Courtanvaux told the Ministre de la Marine that a longer voyage
would be necessary for the 1769 Meslay prize. In December 1767, he
submitted a plan, which was discussed and sent to the Ministre with
the Académie’s endorsement.® The plan was to leave Le Havre in early
May for the Canaries, stopping in Cadiz. Competitors would be required
to present their instruments for prior examination by 16 January. The
Aurore voyage was already facing criticism, however, for being too short
and the tests of the watches insufficiently rigorous. Stays had been
lengthy wherever the Aurore anchored, giving leading citizens and the
idly curious the opportunity of visiting the ship, while Courtanvaux
usually went ashore. Having disembarked at Rotterdam, he had even
made his way separately by canal to Amsterdam, where he re-joined the
ship, leaving Le Roy and Pingré on board to continue their tests. The
expedition, it seemed, was more a tour punctuated by social engage-
ments than a scientific expedition.?® The second expedition was organ-
ized without Courtanvaux.*

The Enjouée (1768)

Although Courtanvaux took his plan for a second voyage no further,
the Ministre de la Marine did pursue the matter. Praslin proposed that
Le Roy’s and Berthoud’s timepieces be tested on the same vessel, and
instructed the Académie to plan accordingly.*! But relations between
the clockmakers deteriorated and neither was willing to accept the
proposal.*> The Académie noted that no clock had yet been lodged with
it, the closing date for the receipt of instruments being 6 September
1768.43 On 30 April 1768, Duhamel repeated the case for systematic
trials. His letter to the Ministre reiterated that Le Roy’s and Berthoud’s
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timekeepers should be tested together on the same vessel, but also
noted Berthoud’s refusal to deposit his clocks with the Académie and
the mistrust this revealed, despite assurances.**

Meanwhile, an unexpected opportunity to test Le Roy’s watches
presented itself. A newly built frigate, the Enjouée, was being outfitted
in Le Havre on the Ministre’s orders for a voyage to the island of Saint-
Pierre.*> Its commander, Jean-Baptiste Lollivier de Tronjoly, had been on
several missions to Newfoundland since the end of the Seven Years’ War.
Following the 1763 Treaty of Paris, Britain had allowed French fishermen
to use the island group of Saint-Pierre et Miquelon, and Canadians who
refused to swear allegiance to the British crown had taken refuge there.
Tronjoly, well known for his diplomatic skills, was given responsibility for
conveying the Canadians to France. He was also to help end the ongoing
skirmishes between British and French fishermen, in discussion with the
British governor of Newfoundland. The trial of two of Le Roy’s marine
watches was now designated the expedition’s official purpose, although
it had clear diplomatic and commercial objectives. It was also to test
other new inventions: Pierre Isaac Poissonnier’s cucurbite for desalinating
seawater; tablets for broth to be served to the sick; and a new speed log by
a former merchant seaman named Le Valois.*¢ The Enjouée was to sail for
Saint-Pierre at the end of the month, then go directly to Sala in Morocco,
which had just signed a peace treaty with France, and on to Cadiz and
Lisbon to purchase gold and silver, before returning to Brest.*

On 18 May, Jean-Dominique Cassini (Cassini fils) described a plan
for testing the watches to the Académie; it was sent to the Ministre de
la Marine the following day.*® Cassini fils was still not 20 and yet to
be elected to the Académie, but he was well known to the academi-
cians. Johann Wilhelm Wallot, a young German astronomer, assisted
him on the voyage. Poissonnier, Le Roy, and César Francois Cassini de
Thury, with his wife, niece and son, arrived in Le Havre on 23 May.
Observations began that day under the supervision of Cassini de Thury,
who made a number of recommendations, having been assured that the
ship’s officers would assist his son.* On 30 May, the watches were taken
on board, labelled and installed in a cupboard. A report was signed and
keys were entrusted to Cassini fils and Tronjoly.*°

At this stage, the winds became unfavourable, and the frigate could
not sail until 13 June. Once at sea, the crossing proceeded without inci-
dent to Saint-Pierre. Believing that something was wrong with one of his
clocks, Le Roy asked to open it. The clock appeared to be functioning
normally.>! Moreover, since the longitude of Saint-Pierre had not been
precisely determined, no definitive check of the watches was possible.
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The vessel left Saint-Pierre on 3 August, reaching Sala in Morocco on 26
August. There the French were well received, but they were not allowed
to disembark to make observations. They prepared to leave again
quickly, but further unfavourable winds forced them to anchor until
10 September. By 13 September, they were in Cadiz, where they took
the watches to the naval observatory to check their performance. The
time lost meant that they could not go to Lisbon, so they sailed directly
to Brest, arriving on 30 October. The watches were immediately taken
ashore for further tests.

Cassini fils had designated the watches as A (‘ancienne’) and S
(‘seconde’) and checked their rates daily.? At Le Havre, it was observed
that A was running slow, S fast. At Saint-Pierre, S was running even faster,
while A was less slow. By Cadiz, both were running ahead of mean time.
After several more days, characterized by unusually high temperatures,
both were abnormally fast, although this became less marked. In the
course of the voyage, the ship anchored three times (at Saint-Pierre, Sala,
and Cadiz), but a comparison between the watches and an astronomical
pendulum was only possible at Le Havre, Cadiz and Brest, ports whose
exact longitude was known. The watches had endured five months at
sea; they had been taken off the ship twice and were subjected to damp
and extremes of cold and heat. When compared with local time in Brest,
they were found to be out by 9% seconds (A) and 1 minute 35 and
55 sixtieths of a second (S). Both watches had fulfilled the prize condi-
tions, although the irregularities at Cadiz showed that imperfections
remained.>® The Académie gave its endorsement and awarded Le Roy a
double prize (combining those for 1767 and 1769) of 4000 livres, adding
that the voyage had allowed him a better understanding of the irregu-
larities and that he would be in a position to correct them.

In January 1769, Cassini delivered his report to the Académie with
papers on Le Valois’s log and the best method of determining time at sea
for checking watches. The chevalier Gabriel de Bory (a naval officer) and
the astronomer Jean-Sylvain Bailly read a report on the second paper
on 4 March. Cassini had used the hour-angle method to determine the
true time and hence the longitude. Recognizing that the method was
beyond ordinary seamen, he began to draw up tables for all latitudes
and every degree of solar declination. The tables, which were published
in his voyage account in 1770, gave the hour angle corresponding to the
Sun’s observed altitude.>* The account also contained the memorial Le
Roy submitted for the competition.5® Drawing on what he had learned
on the voyage, Le Roy continued to work and present his results to the
Académie.
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As Tronjoly’s report reveals, he was less enthusiastic. Writing from
Cadiz on 16 September 1768, he commented that while using the
watches required only calculations that anyone could master, one watch
had not worked properly and he feared the other might malfunction.
By contrast, he found the dried stock tablets and the cucurbite quite
successful; the crew preferred the desalinated water, as did Cassini. Le
Valois’s log, however, had broken and could not be repaired.

Tronjoly’s report also reveals the extent to which testing the watches
served as a cover for political and commercial objectives. The diplo-
matic purpose was to check that the terms of specific treaties were being
observed; the commercial aim was to purchase South American gold and
silver in Cadiz. Contacts with the British in Newfoundland had gone well.
In Sala, the governor supplied them with food, and the terms and spirit
of the treaty had been fulfilled. In Cadiz, there was time to load gold and
silver destined for Paris. Tronjoly added that traders generally preferred
doing business with the British than with the French.>¢ Thus, the Enjouée
followed a route that had more to do with politics and commerce than
with scientific requirements. This was not the case for two subsequent
voyages, which were conceived explicitly as scientific expeditions.

The Isis (1768-69)

In 1766 the duc de Praslin had visited Brest and made it a focus for
improvements, ordering expeditions to correct hydrographic charts
and test marine timekeepers. This was part of a drive to compete with
Britain, as were other innovatory policies including the resurrection
of the Académie de marine, which received the title ‘royale’.” Even
so, Praslin needed some convincing of the benefits of seconding the
30-year-old chevalier de Fleurieu, then serving as an officer at Toulon, to
work with Berthoud on clocks 6 and 8. Indeed, Fleurieu had to remind
Praslin that his predecessor as Ministre de la Marine had authorized just
such an appointment.>8

Before his election as an honorary academician in 1769, Praslin had
close, though strained, relations with the Académie. As the official source
of expertise, the Académie was crucial for anyone seeking approval for
an invention or other scientific project. It was natural, therefore, that
Praslin should approach the Académie to assess memorials he received.
Correspondence between Praslin and the Académie reveals how difficult
these consultations could be, particularly as disagreements between the
Berthoud and Le Roy camps escalated. Fleurieu, a champion for Berthoud,
added to the tension, no doubt explaining the delays and poor personal
relations during the preparations for sea trials of Berthoud’s clocks.%’
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Fleurieu submitted a plan to the Ministre de la Marine in July 1767,
which was sent to the Académie for comment on 8 August. After a
reminder, the Académie replied that dealing with the lengthy docu-
ment would take time.®® On 15 November, following a request from
the Académie’s committee, Fleurieu added a supplement describing the
procedure for testing the clocks, which was approved on 9 December.
He intended, he said, to go beyond the original plan; he now hoped
to examine procedures for determining longitude both at sea and at
the ports where the ship anchored. With that in mind, he asked for
a Charnieres mégametre and a Rochon binocular telescope. He also
planned to make observations of magnetic variation with an azimuth
compass and of the ship’s speed with a log designed by Bouguer, with
the time being measured by a Berthoud pendulum clock instead of a
sandglass.®! Dead reckoning was so approximate, and often wrong, that
it could not be relied upon; yet all astronomical practices involved its
use to some degree. Mechanical methods might therefore be preferable
for the levels of accuracy sailors needed. Finally, he intended to improve
existing charts by surveying the coastline and recording currents. What
Fleurieu was proposing was a scientific expedition in the Enlightenment
manner.

Fleurieu intended to use lunar distances, although he acknowledged
that the calculations would be lengthy. Hence, he suggested, it would be
desirable for the Connaissance des temps to publish tables of the distance
between the Moon and zodiacal stars at three-hour intervals, as Nevil
Maskelyne had in the Nautical Almanac. As Fleurieu observed, on his
voyage to St Helena Maskelyne had used a method originally suggested
by Lacaille. Fleurieu invoked the authority of savants such as Bouguer
and Lacaille, and had no hesitation in mentioning a British authority,
Maskelyne. Finally, he insisted that all officers were to take part in the
experiments. Thus, the Isis expedition was to be undertaken with goals
extending beyond testing timekeepers, which were rather to be used
routinely as instruments whose efficacy was not in question.

Once the plan was approved, Praslin asked the Académie to appoint an
astronomer. Lalande declined, but Pingré accepted: ‘he likes travelling’, as
Lalande put it.%? But problems soon arose. Fleurieu’s published response
to a memorial by Le Roy was so fierce that the Ministre de la Marine
asked him to destroy it.®® Then Praslin refused to authorize the purchase
of new instruments. Charniéres added to the difficulties by asking to be
put in charge of the expedition, even though the command had been
promised to Fleurieu, who could not accept this humiliation and threat-
ened to resign from the navy. This would have put the venture at risk,



170 Danielle M. E. Fauque

since Charnieres had no experience of clocks. After weeks of discussion,
Fleurieu was reinstated as commander.®*

The vessel originally intended for the voyage was a corvette, the
Ambition. But this was considered too small and was replaced with a
frigate, the Isis, which reached Rochefort in mid-November.®® The adjust-
ment of clocks 6 and 8, which arrived on 3 November, was delayed by
bad weather, and it was not until 7 December that they were ready to
be taken on board. Fleurieu received his official orders at the end of
November. These were brief. He was free to plan the voyage as he thought
best, and was assured of the king’s and thus the Ministre’s complete
confidence.®® In addition to the clocks, Charnieres’s mégametre and
Rochon’s telescope, the scientific equipment comprised a 6-inch achro-
matic telescope by Ramsden, octants (some British) and instruments for
terrestrial observations (including an astronomical clock and quadrant).
The Isis set sail the following day but was obliged to remain in harbour
off the fle d’Aix until February because of bad weather, although it was
possible to practise the procedures for testing the clocks.

They were able to depart for Cadiz on 12 February 1769 and the
voyage proceeded smoothly. The plan was to sail to the fle d’Aix,
then on, notably, to Cadiz, the Cape Verde Islands, Saint-Domingue,
Newfoundland, the Azores, the Canary Isles, Cadiz again, and finally
back to the Ile d’Aix on 31 October 1769. On 3 November, the final
observations with the clocks were completed, and Fleurieu reported to
the Ministre de la Marine on the admirable conduct of the officers and
cadets, all of whom had shown enthusiasm and competence in making
observations.®”

The clocks had performed impressively between 10 November 1768
and 21 November 1769, often giving longitudes to within half a degree.
They had kept good time, especially number 8, which had performed
exceptionally. The clocks were never moved and their performance was
invariably checked by two observers working independently, with the
officer of the watch as witness. For trials at ports, contact was established
by signal between ship and observatory on land, with a signed entry in
the register each time. Fourteen such checks were made, allowing the
compensating errors and rate of each watch to be precisely determined.
An added advantage of the clocks was that they had allowed d’Apres
de Mannevillette’s hydrographic charts to be checked and corrected.
Fleurieu insisted that the octant was the only instrument a sailor needed
for daily altitude measurements. Indeed, octant observations had gener-
ally been accurate enough for testing the clocks as well, making it unnec-
essary to fall back on more complex procedures using an astronomical
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quadrant. The mégametre and Rochon’s telescope, however, had not
lived up to expectations.

On 21 February 1770, after several weeks of hesitation and internal
disagreement, the commissioners appointed by the Académie approved
Fleurieu’s thorough report, and Pingré gave a lecture on the expedition
to the Académie on 25 April.®® In Berthoud’s eyes, the expedition had
been an unqualified success, and on 1 April, Louis XV appointed him
clockmaker (horloger mécanicien) to the king and the navy with respon-
sibility for inspecting timepieces in all French ports. On 14 August,
Berthoud undertook to supply 20 marine clocks.®® On the Ministre de
la Marine’s orders, he passed number 3 to the marquis Joseph-Bernard
de Chabert for his hydrographic expedition to the Mediterranean, and
number 6 to Rochon, who was about to embark with Kerguelen in search
of a faster route to the East Indies. Number 8 was installed on the Flore
the following year.

Fleurieu’s report, which he wrote primarily for young naval officers
and with the obvious purpose of avoiding potential criticism, was
published in 1773 as a comprehensive treatise of navigation, not simply
a voyage account.”® A lengthy introduction outlined the plan, methods
and results. In the first section, ‘Journal des horloges marines’, Fleurieu
described the expedition’s main purpose. He followed this with a ‘Journal
de navigation’, which emphasized the value of marine clocks for navi-
gation and geography. The final part of the first volume contained
Fleurieu’s criticisms of existing charts and proposed new charts for the
Atlantic. The second volume was devoted to a ‘Recueil des observations
astronomiques’ and related tables. Finally, there was an appendix of
‘Instructions’ on the use of marine timekeepers for determining longi-
tude, along with illustrative calculations, ways of finding latitude and
tables. These would prove useful on later hydrographic expeditions
and voyages of discovery.”! The expedition marked the beginning of a
new age of navigational techniques, one that called for better-trained
seamen.’”? Qver just two years, there had been a transition from a tradi-
tional sea voyage, with the Aurore, to a scientific one, with the Isis. On
a broader front, the voyage paved the way for the modernization of the
navy that would take place after 1774.

The Flore (1771-72)

It was agreed that a new expedition would set out in the autumn of 1770.
Reporting on Fleurieu’s memorial, the Académie committee suggested
rigorous testing of Charnieres’s mégametre and Rochon’s telescope on
the new expedition.”® On 7 March 1770, academicians Jean-Charles de
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Borda, Bory and Pingré drew up a programme for the voyage, which
was approved on 14 and 24 March.”* On 15 August, the Ministre de
la Marine put back the expedition’s departure to the spring of 1771.7
Praslin and his cousin Choiseul had, however, been removed from
their posts on 24 December 1770, after a disagreement with the king
over foreign policy. On 29 January, Fouchy requested that on the new
voyage, the acting minister and general controller of finance, the abbé
Joseph-Marie Terray, should arrange tests to compare all methods for
determining longitude.”® But preparations for such tests inevitably took
longer than originally planned, and the departure was again postponed,
this time to the autumn.””

The commander of the Flore, an experienced seaman named Jean
René de Verdun de la Crenne, was to work alongside two academicians
appointed to check the clocks: Borda, an engineer trained at the Ecole
du génie in Mézieres, and Pingré, for whom this would be the third
such voyage. Pingré was to be assisted by Jean-Michel Tabary, known as
Mersais, a pupil of Lalande.”® The team also included a draughtsman,
Pierre Ozanne.” The expedition had two distinct objectives. The first
was to complete the work requested by the Académie to check the
instruments being considered for the Meslay prize. These included Le
Roy’s watches A and S; a watch by a maker called Arsandeaux, which
proved to work very irregularly; a pendulum clock by Joannes Biesta
that was broken from the start of the expedition; and a marine chair
by Fyot that turned out to be unusable. Le Roy also sent a new pocket
watch (petite ronde), although not for competition.®® The second objec-
tive was conveyed in the Ministre’s request that ‘all aspects of the great
problem of longitude’ should be considered. He ordered the committee
to compare all the recently proposed instruments, as well as the
methods navigators were already using. Every officer on board was to
take part. The instruments taken included Berthoud’s clock number 8,
the mégametre, Rochon’s telescope (which performed disappointingly),
octants and sextants, and instruments for land-based observations (two
seconds pendulums, three astronomical quadrants, a transit instrument
and several telescopes).

The king’s instructions allowed the committee to dictate the mission’s
specifics. The expedition left Brest for Cadiz, sailed — among other
places — to Cape Verde and Martinique, before reaching Saint-Domingue
and Newfoundland, then returned to Brest via Denmark. In Antigua,
the vessel narrowly avoided running aground, and during the resulting
repairs (in Martinique), watch A was damaged while entering dry dock.
The clocks were never moved, even during this operation. Otherwise,
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the voyage proceeded uneventfully. An interim report was sent to the
Ministre de la Marine at each stopping point. On 29 October 1772,
Verdun de la Crenne submitted an account of the whole mission.?!

On behalf of the committee, Pingré read a memorial on the trials at
the public meeting of the Académie on 21 April 1773.8% Before hearing
the report, the Académie presented the double prize to Le Roy, with
an award also going to Arsandeaux as the accessit.®® The procedures for
checking the watches were simpler but more rigorous than on the Isis.
The ear was more important than eye on the Flore, as Jean Mascart has
put it.3* Communication was by pistol shot. The observer overseeing the
watches on the ship recorded the time of each shot, while an observer
on land recorded the time of the flash seen through a telescope, with the
mean calculated from five signals. The timekeepers’ performance was
measured over six-week intervals, following the method Maskelyne had
employed in testing H4 at the Royal Observatory. Timekeepers 8, A and
S gave the longitude more precisely than was expected, often to within
than half a degree. The results with the mégameétre, however, were not
precise, due to a fault in the instrument, although it still seemed suffi-
ciently promising to justify further work.

The octant and sextant emerged as the most reliable observing instru-
ments. They met the astronomical needs of navigators for latitude, and
served well for determining local time and longitude by lunar distance.
The main instrument used for lunar distances belonged to an officer
named Laub: a 15-inch, English brass sextant, incorporating telescope
and screw adjustment for the vernier. Another English sextant, in wood,
and two octants were also used, with altitude readings communicated
to Borda in confidence. Generally, these readings agreed to within one
minute of arc. For longitude, three observers took simultaneous readings
of the altitude of the Moon and Sun or appropriate star, and the distance
between the Moon and the Sun or star. The vessel’s longitude was calcu-
lated according to a procedure devised by Borda, which was easier
and more direct than that of the Nautical Almanac: officers, pilots and
helmsmen were said to be able to master it without undue difficulty.®s

Verdun de La Crenne, Borda and Pingré drew a simple conclusion: the
octant and sextant were the only instruments to be used for astronomical
observations at sea, and only the lunar distance method was practicable.
The time at the port of departure, however, could only be determined
with accurate marine watches, usually two of them. In this way, daily
observations (mechanical and astronomical) could be collated to deter-
mine longitude. By comparison, dead reckoning with log and compass
gave at best a rough measure. Of the remaining possibilities, magnetic
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variation was too irregular to be dependable, the eclipses of Jupiter’s satel-
lites too difficult to observe at sea, and other eclipses too infrequent to be
useful. Although longitude determination with a watch was the quickest
and simplest method, the watch’s mechanism was too easily disturbed.
As they concluded, ‘A good sextant will occasion no such fears’, and it
could be used at any time: ‘L’'usage du sextant est de tous les jours’.8¢

The use of marine timekeepers for preparing hydrographic charts,
the other aspect of the expedition’s work, received unqualified endorse-
ment. For mapping coastlines, watches and sextants had to be used
together. Headlands and key coastal features passed during the voyage
were surveyed, with the Flore commissioned to undertake a special
cruise for this purpose in the West Indies. For such hydrographical work,
observations were taken every day and as frequently as possible, with a
marked gain in efficiency. It took years of hard work to make use of all
the information gathered on the Flore, particularly for producing defini-
tive charts. The fruits were finally published in 1778, along with two
revised maps of the Atlantic and 148 coastal profiles.?”

Conclusion

Following the Seven Years’ War, French work on the determination of
longitude took place in a world marked by the success of H4. In France
two clockmakers of distinction emerged, Pierre Le Roy and Ferdinand
Berthoud. But another consequence of these voyages was the establish-
ment of a new approach to marine surveying, characterized by on-board
tests by well-trained observers following rigorous procedures. In France,
the use of watches for hydrographic surveys went hand in hand with the
increasing use of the octant and sextant, the instruments employed often
being of British manufacture. This also marked the end of the use of the
backstaff.88 On the Flore, Borda, an engineer by training who was new
to navigation, pioneered a simpler method for determining longitude
by lunar distances. On the same voyage, he had the idea of improving
the accuracy of the octant and sextant by incorporating the principle of
Tobias Mayer’s repeating circle.?® His reflecting circle was ready for use
by 1775 and was tried successfully at sea the following year.

The voyage of the Flore also marked the end of the dominance of the
Académie des sciences over the Ministere de la Marine with regard to
memorials and inventions in navigation. The Académie did not set a
specifically maritime topic for a prize competition again, and Pingré’s
account of the voyage of the Flore in the Académie’s annual publication
for 1777 seems to have been the last communication on the subject. The
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Ministere, however, continued to receive suggestions regarding longi-
tude. In some respects, the Académie royale de marine filled the gap in
expertise by evaluating proposals that came its way.*®

In French maritime affairs, the subsequent few years of peace marked
a turning point in the passage from a traditional navy to one based
more heavily on science, a process that began with Choiseul’s reforms
in 1765 and accelerated from 1774 under Louis XVI. The innovative Isis
voyage and the emblematic Flore voyage have therefore to be seen as
first steps towards something of a golden age in French scientific navi-
gation, which was to find its greatest expression in the voyage of Jean-
Francois de La Pérouse.
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Navigating the Pacific from
Bougainville to Dumont d'Urville:
French Approaches to Determining
Longitude, 1766-1840

John Gascoigne

Defeated in the Atlantic during the Seven Years’ War, the French turned
to the Pacific with the hope of finding new lands and markets that would
redress the balance of power so grievously disturbed by the expansionist
energies of perfidious Albion. France, however, faced the same problem
as its rival in venturing into what was, from a European perspective,
largely a new quarter of the globe. Navigating the Pacific magnified
across a third of the Farth’s surface the problem of locating one’s posi-
tion with exactitude; in particular, it required determining longitude at
sea. The means to do so had been an increasing preoccupation of both
the British and French states and their associated scientific establish-
ments. As Danielle Fauque and Guy Boistel show in this volume, various
French techniques for solving this problem had been recorded before the
deployment of John Harrison’s epochal invention, his sea watch ‘H4’, in
1761. The conclusion of the Seven Years’ War in 1763 was, however, to
lead to a fruitful interaction between both nations’ attempts to solve
‘the longitude problem’.

The Peace of Paris of 1763 brought with it a greater determination by
both France and Britain to venture into the relatively unknown Pacific.
This conjunction of the growing engagement with the problem of deter-
mining longitude and French exploration of the Pacific is the theme of
this chapter. By tracing the ways in which the French explorers of the
Pacific calculated longitude through the major periods of the eventful
late eighteenth and early nineteenth centuries, the Old Regime, the
Revolution and the Restoration and July Monarchy, I will illustrate the

180



Navigating the Pacific: French Approaches 181

continuity that existed in the use of such techniques — even though the
use of the chronometer eventually did come to predominate. For the
difficulties of navigating across the vastness of the Pacific were particu-
larly conducive to pragmatism and pluralism. The quest might be for
total accuracy, which the maps based on their records would reflect,
but there was an awareness that some element of approximation was
inevitable. The lack of ready access to ports where instruments could be
checked meant that in the Pacific one had to work with the best approx-
imation available. This was often arrived at by comparing the results
established by different methods and, if necessary, averaging them. One
theme that emerges from any study of the French voyages of explo-
ration into the Pacific is that there was no clear polarization between
the determination of longitude by astronomical methods and the use of
timekeepers. Popular histories and the films derived from them might
portray the emergence of modern methods of determining longitude
as a battle between the proponents of these two methods, with Nevil
Maskelyne as the representative of the former wearing a metaphorical
black hat and John Harrison a white one. The French practice in the
Pacific was, however, to make the two methods complementary.

The Old Regime

Appropriately, the first major French voyage into the Pacific — that of
Louis Bougainville in 1766-69 — was led by one of those involved in the
epochal defeat at Quebec who hoped to redress French fortunes in a new
corner of the globe. Although himself an army captain, Bougainville was
open to navigational innovations relying heavily on the astronomical
techniques employed by Pierre-Antoine Véron - the presence of this
astronomer on board being an early instance of the close interweaving
of scientific objectives with French Pacific exploration. Like all navi-
gators to that point, Bougainville had to rely for his determination of
longitude primarily on dead reckoning. The inaccuracies of this method
when used in the Pacific had become notorious, given the long distances
travelled away from land and well-established points of reference.
When Europeans first ventured into the South Seas in the sixteenth
and seventeenth centuries, such errors in the Pacific had led to islands
apparently shifting location, as early sightings could not be confirmed
because of the inaccuracy of co-ordinates for relocating them. Poor
charting could combine with wishful thinking to conjure up unknown
lands. With some asperity, Bougainville referred to such lack of precision
when he passed through the area around Vanuatu, in which the Spanish
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visionary, Pedro de Quir6s, had claimed in 1606 that Terra Australis —
a land comparable in size and wealth to America — was located. ‘Now
Quiros’s longitude and latitude are left behind’, wrote Bougainville, but
then added rather caustically, ‘Where then is his great land?’!

This early history of navigational vagueness still coloured the account
of the Pacific voyage of Etienne Marchand in 1790-92, and he focused
particularly on the problems of relying on readings of longitude. ‘[W]hen
two islands have not been discovered by the same navigator and in the
same voyage’, he considered, ‘we can depend only on the latitude assigned
to each island’. By contrast, the longitude reading was so uncertain that
he thought the best course was to approach the island ‘two or three
hundred leagues astern of the place where the chart fixes their position’'.
When, however, Charles Fleurieu, the sometime Ministre de la Marine et
des Colonies from 1790-91, published his edition of the voyage in 1798-
1800 he enthusiastically added a note praising the recent improvements
in determining longitude — something which reflects Fleurieu’s member-
ship of the recently-founded Bureau des longitudes, of which he became
a member in 1795. Marchand, he asserted, had been describing the old
practices where longitude had virtually been determined ‘by chance’. By
contrast, ‘the moderns can employ [...] means that give to those who
know how to employ similar ones, the assurance of finding with facility
the places which they wish to touch’.?

Such methods and confident assertions, however, lay in the future on
Bougainville’s voyage, the first major French incursion into the South
Seas. Determined to avoid navigational phantoms, Bougainville turned,
when possible, to the astronomical calculations of Véron to check his
own dead reckoning calculations. He was gratified indeed, when, after
departing from the River Plate, he found that his and Véron’s results
nearly coincided. Véron had taken as his fixed point the longitude at
Montevideo and then used the Sun’s position to determine the time
where the ship was now located. To determine the time elapsed since
they left Montevideo, ‘a timekeeper graduated in seconds checked on
land’ was employed, a prefiguring of the use of the chronometer (despite
the fact that the clock used by Véron would not have kept as accurate
time). Véron's results and Bougainville’s differed only by one sixtieth of a
degree which, Bougainville proudly observed, was ‘an impressively close
concordance between these two methods’.? It was an early instance of
the pluralism in methods of calculating longitude which long continued
to be characteristic in the Pacific.

Generally, Véron’s calculations of longitude were more convention-
ally based on the lunar distance method. A variety of stars served as
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fixed points to establish the Moon’s position though, on one occasion,
Véron also employed observations of the position of Venus. Véron did
not employ observation of the satellites of Jupiter, the major alterna-
tive astronomical method. Indeed, French navigators rarely mention it
since it required accurate telescopic observations not easily performed
at sea. When tabulating his readings of lunar distances, Véron followed
what was to be the standard practice of averaging them. Reluctant to
rely on a single reading, given the difficulties of observation, Véron,
for example, made six observations from the Moon to Venus. The next
step was to use this data to establish the equivalent time at Paris, which
then could be compared with local time, established from the position
of the Sun. Such comparison required reference to tables published in
the Connaissance des temps since 1679. But the tables Véron used in
1768 would have required much greater computational dexterity than
those which came into use after 1774, when Joseph-Jérome de Lalande
included in the Connaissance lunar distance tables copied directly from
the British Nautical Almanac, though with French headings and instruc-
tions. A nationally dissonant note was struck, since these British-derived
tables made Greenwich the point of reference while all other tables in
the Connaissance were based around Paris. This anomaly, however, was
put right after 1790.4

Bougainville’s Pacific expedition had considerable support in high
places but was not officially state-sponsored. The first nationally endorsed
French voyage into the southern oceans was the abortive one of Yves-
Joseph de Kerguelen-Trémarec in 1771-72, which did not get beyond
the southern Atlantic. An equally fruitless second voyage followed in
1773-74. So disappointing, indeed, were the results that Kerguelen was
imprisoned for defrauding the state with his inflated claims of the bene-
fits of his voyages. One of those who played a role in sending him to
prison was Charles-Francois de Charniéres, who accompanied Kerguelen
on the first voyage as far as Mauritius. His early departure was occa-
sioned by friction with Kerguelen, probably linked with Charniéres’s
chief reason for being on board: his high hopes for trying out a new
device for determining longitude, which he termed his mégametre. It was
not a success, however, being outmoded by the octant and sextant.’

It was, however, characteristic of voyages destined for the Pacific to be
employed to test out new devices. Kerguelen also had on board timekeepers
produced by one of France’s leading clockmakers, Ferdinand Berthoud.
Born in Switzerland, Berthoud became effectively timekeeper-maker to the
French navy. Using techniques at first independent of Harrison’s innova-
tions, Berthoud produced his first timekeeper in 1763, though the results
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were disappointing.® The later Berthoud timekeepers that Kerguelen had on
both his expeditions proved inaccurate and the calculations of longitude
had to rely chiefly on the astronomers on board using the lunar distance
method. Part of the difficulty was that Kerguelen did not bring tables that
enabled correction of the timekeepers according to changing tempera-
tures.” Such difficulties led the influential duc de Croy, an ardent advocate
of Pacific exploration, to reflect in a memorial to the Naval Academy in
1774 on the possibilities of timekeepers. These he considered a promising
innovation, thanks particularly to Berthoud’s devices, but not sufficiently
accurate to be used without checking them against the results from astro-
nomical methods.8

It took some time for the French state once again to sponsor a major
voyage to the Pacific after the fiasco of Kerguelen’s voyages. When,
however, the La Pérouse voyage was dispatched in 1785, it was equipped
with five timekeepers by Berthoud, which, despite their mixed record
on Kerguelen'’s voyages, had by then achieved sufficient accuracy to be
more commonly used.’ Interestingly, La Pérouse also took with him an
(unspecified) English timekeeper and, later, the d’Entrecasteaux expedi-
tion borrowed an Arnold chronometer at Cape Town to replace a broken
Berthoud one.!® By contrast, the English appear to have made little use
of French timekeepers. Their standards may have been high, but the
English evidently believed that they did not surpass those produced in
England.

La Pérouse also took smaller timekeepers, the size of watches, though
with disappointing results.!! Improvement came from Berthoud'’s
nephew, Louis Berthoud. It was Louis, indeed, who was to win a prize
from the Académie des sciences, on the eve of its abolition in 1793, for a
pocket watch to determine longitude at sea.!? Such pocket watches were
useful companion pieces to the larger and more delicate timekeepers
since they enabled shore-based checking of the time and, if necessary,
correction of the main timekeepers without moving them.!® Louis
Berthoud’s marine watch was particularly valued since such devices were
fiendishly difficult to make or, at least, to make so that they kept accu-
rate time. Experiments by Nicholas-Antoine Nouet at the Observatoire
de Paris confirmed its accuracy and the report by the Académie gloated
a little on its merits as against those of the English Harrison.!* By 1815
these were so commonly used that they were made standard for all
French naval vessels.!S

The La Pérouse expedition, like others of the period, established
longitude by complementary use of the timekeeping and lunar distance
methods. The instructions to La Pérouse (largely framed by Fleurieu)
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entrusted oversight of the chronometers to the astronomers, together
with the requirement that they ‘seize every favourable opportunity to
check while on land whether they have remained regular’. Moreover, the
instructions continued: ‘As often as the conditions of the sky shall allow’
the astronomers on both ships of the expedition should ‘order measure-
ment of the distance between the moon and the sun or the stars to be
taken by means of instruments provided’ - the results to be compared
with those given by the chronometers. The impossibility of any one
observation, or indeed any one timekeeper, providing completely accu-
rate results was acknowledged, hence it was recommended that ‘the
average result of different operations’ be used to ‘give a more precise
determination’.®

To the astronomers, too, fell the duty of recording how much each
timekeeper lost and gained, while duly correcting such readings ‘for the
variations caused by the temperature as measured by the thermometer
and the swings of the pendulum’. Such corrections for temperature
worked well until they reached the cold climates around Cape Horn.
There, commented La Pérouse, Berthoud’s ‘table of temperatures [...]
was not exact’. On the other hand, when in the north-west Pacific, La
Pérouse considered the close conformity between the figures for longi-
tude from the clocks and lunar distances ‘a proof of the excellence of Mr.
Berthoud’s chronometers’.!’

What stands out from La Pérouse’s comments is the belief that meas-
ures of longitude derived from lunar distances, rather than from time-
keepers, were the more accurate. Nonetheless, by the time of this voyage,
the utility of timekeepers was firmly established, as La Pérouse himself
commented. For proof of their value La Pérouse pointed to the way in
which, 18 months into the voyage, two of Berthoud’s timekeepers ‘gave
results that were as satisfactory as at the time we sailed’. Indeed, he
considered that ‘Mr Berthoud has exceeded himself’. But timekeepers,
like all instruments, were subject to human error — he distrusted the
readings from one timepiece since ‘we had forgotten to wind up this
chronometer for twenty-four hours’.!8

The Revolutionary period

While La Pérouse’s voyage was the (ill-fated) fruit of contributions from
the top echelons of the French state and its scientific establishment,
the Pacific voyage of Etienne Marchand (1790-92) was simply a private
trading voyage. Yet, as the enthusiastic editing of Fleurieu emphasized, it
had considerable success in fixing longitude at sea. Like most merchant
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vessels of this period, Marchand’s Solide did not have the luxury of
expensive chronometers though he took considerable care when it
came to calculating longitudes. Like Bougainville in the pre-timekeeper
period, his methods were dead reckoning and lunar distances, with
about 70 observations to establish the latter. It was as well he did so,
since calculations based on dead reckoning proved predictably unreli-
able on occasions. Soon after setting off, for example, it was discovered
that ‘the currents had driven the ship, by an imperceptible movement,
2° 9’ beyond her progress to the westward indicated by the dead reck-
oning’. Later in the voyage, the need for checking calculations based on
dead reckoning was again driven home. Not only did the current carry
‘the ship out of her apparent course 1° 46”, but also ‘the false measure
of time, indicated by the half-minute glass’ led to accumulating errors
in longitude from dead reckoning. Such errors were corrected not only
by lunar observations but also by ‘the daily observation of the latitude’.
Marchand had the additional advantage of being able to refer to James
Cook’s published navigational records and, when possible, used these as
a check on his own.! Thanks to this and frequent checking using the
lunar distance method with the improved tables, Marchand kept reason-
ably accurate records. Fleurieu calculated that, at the end of the voyage,
his error was about eight degrees, or 850 km.2° It was possible, then,
to manage reasonably well without chronometers — even in the vast
expense of the Pacific — as many merchant vessels continued to do.

Marchand may have had to be self-sufficient when it came to arranging
navigational aids but the French state once again lavished its consider-
able scientific resources on the voyage of Antoine Bruni d’Entrecasteaux
(1791-94). Such a parallel with the voyage of La Pérouse was appropriate
indeed, given that the object of d’Entrecasteaux’s voyage was to search
for the missing La Pérouse voyage. The search was in vain and, after
d’Entrecasteaux died in 1793, the voyage broke up the following year in
post-Revolutionary political disharmony on arrival at Surabaya, as news
reached the divided crew that the monarchy had been abolished and
replaced by a French republic. La Pérouse’s fate, however, was not estab-
lished until 1826 when, by chance, relics of the voyage were discovered
on Vanikoro (in the Solomon Islands).

The d’Entrecasteaux voyage was largely initiated by individuals linked
to the Académie des sciences and the Jardin du roi. The number of scien-
tific personnel on board and the equipment allocated to the expedi-
tion reflected its scientific character. Devices for calculating longitude
included chronometers made by Ferdinand Berthoud, as well as watches
by him and his nephew, Louis. Copies of the Connaissance des temps
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and the Nautical Almanac were also included.?! Overall, Elisabeth Paul
de Rossel, one of d’Entrecasteaux’s officers who published the official
account of the voyage, took a very favourable view of the accuracy of
the clocks devised by the two Berthouds. Given, however, that there
appeared to be some unknown source of slight inaccuracy, he strongly
recommended checking chronometers against the lunar distance
method.?

Like other major French expeditions into the Pacific, that of
d’Entrecasteaux did check the accuracy of its timekeepers against astro-
nomically derived results. The vessel was equipped with a telescope
specifically intended for the observation of Jupiter’s satellites on land
but, in the event, this method proved something of a disappointment.
This explains why it is only infrequently referred to in the records of
French Pacific exploration. When on land in Tasmania, the astronomers
on the d’Entrecasteaux expedition were only able to ‘observe one eclipse
of the first satellite of Jupiter’ and, soon afterwards, in the Tongan
islands, the astronomers tried a number of times to observe Jupiter’s
satellites but poor weather defeated them. They fell back on the tried
and true lunar distance method.?

Also on board was a reflecting circle devised in 1775 by Jean-Charles
de Borda, military engineer, mariner and, from 1764, member of the
Académie. This was an expensive item and, well into the nineteenth
century, it was reserved for major expeditions, such as the state-spon-
sored Pacific voyages.?* Borda had been closely involved with the
early testing of devices to calculate longitude and had made manifest,
for example, the inadequacy of Charniéres’s mégametre.?> He had also
devised more effective ways to calculate lunar distances. Appropriately,
then, he was among the first members of the Bureau des longitudes.
He was involved in the preparations for the astronomical contributions
of the La Pérouse and the d’Entrecasteux voyages, both of which took
his reflecting circle.?® This device was a refined version of that devised
in 1752 by the German astronomer Tobias Mayer. who had provided
the lunar theory on which the calculations embodied in Maskelyne’s
Nautical Almanac were based.

The main merit of Borda’s improved and widely used device was that it
allowed ready viewing of dual images of the object through an attached
telescope. This enabled calculation of the angle through which the Earth
would need to turn to bring the meridian of longitude directly under the
Sun; thus, the hour angle at the solar noon is zero degrees. This, then,
was a measure of the movement of the Earth on its daily rotation and, as
such, could be used to determine time. Though this was not as accurate
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as the more elaborate measurement of lunar distances, it was useful for
routine recording of longitude. 27 On the d’Entrecasteaux voyage, for
example, it was used to determine the Sun’s meridian altitude. This, in
turn, was used to regulate one of Louis Berthoud’s timepieces.?8 In any
case, like a sextant, the Borda circle could also be used to measure lunar
distances.

The Borda circle became a distinctive feature of French expeditions.
Since it was a circle, it could encompass a full 360 degrees (and, indeed, it
was graduated to allow observations around two circles). By contrast, the
sextant could only measure 120 degrees but the British generally consid-
ered that enough for their purposes. Though there were English equiva-
lents of the Borda circle (such as that devised by Edward Troughton at
the end of the eighteenth century), these were of a simpler design and,
in any case, were not generally preferred by the English to the sextant.?
This national divide was reflected in the way in which the copiously
equipped La Pérouse voyage took with it four Borda circles (though it
also took three English-made sextants, perhaps because French ones
were not available or were considered inferior).3°

The formation of the Bureau des longitudes in 1795 embodied the
strongly astronomical and scientific approach of the French to deter-
mining longitude, as Martina Schiavon’s chapter in this volume
describes. The Bureau’s responsibilities attested to its astronomical char-
acter, since it was responsible for both the Observatoire de Paris and the
Ecole militaire. It also supervised the publication of the Connaissance
des temps, which was revised in 1796 to reflect the introduction of the
Revolutionary calendar. In time, too, the Bureau oversaw observatories
in Marseille, Toulouse and Montauban.?! In effect, it presided over the
French astronomical establishment.?? Rivalry with Britain, with which
France was at war from 1792, does much to explain why the French
founded this parallel body, indeed the proposal by abbé Grégoire,
which led to its establishment, spoke of the need to ‘compete with the
English’.33

In 1797 Fleurieu, one of the Bureau’s early members, pointedly
compared the way in which, in contrast to the French, ‘there is not
a single English captain, employed in a long voyage, who does not at
this day, make use of the new methods for determining the longitude
of his ship’. This, he added bitterly, explains why ‘the navigation of our
enemies boldly embraces the two hemispheres’. Even two years after
the Bureau’s foundation, bemoaned Fleurieu, fewer than a hundred
Frenchmen could make use of the tables produced by the Bureau or other
useful devices that the French had produced, such as Borda’s circle. This
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instrument Fleurieu regarded as a Gallic triumph, which ‘the smallness
of its bulk renders as portable, as convenient for use, as the excellence
of its principles renders it certain and exact in its results’.>* Fleurieu,
however, may have painted an excessively rosy picture of the expertise
on British ships to create a sense of urgency about the need for a French
response. Certainly, the chapters by Jane Wess and David Philip Miller
in this collection would suggest British practice was less state-of-the-art
than Fleurieu claimed.

Part of the difficulty to which Fleurieu referred with such feeling was
that the calculation of longitude on French vessels voyaging into the
Pacific had often been the responsibility of specialist civilian astrono-
mers. By contrast, the British were less inclined to take men of science
on board and tended to leave the task of ascertaining longitude more
to the naval officers. Conflicts between scientific and naval personnel,
along with political tensions, were a feature of French Pacific voyages of
the Revolutionary period. In particular, they poisoned relations on board
the expedition under Nicolas Baudin (1800-04), the strongly scientific
character of which reflected its Napoleonic patronage. Indeed, on board
his two ships the 22 men of science outnumbered the senior officers.3
Civilian astronomers played a major role in ascertaining longitude: the
astronomer, Pierre-Francois Bernier, for example, kept a record of the
variations between chronometers on Le Géographe.®® Nonetheless, by
then naval officers were playing more of a role in routine recordings
of longitude. Fleurieu would have been pleased to hear that this owed
something to the growing use of the Borda circle. Lieutenant Pierre-
Guillaume Gicquel of Le Géographe, for example, used this method
soon after the expedition set off in 1800 to establish the time, which
he recorded alongside the chronometer readings. Lieutenant Gicquel
claimed to be the only one on board able to use the Borda circle but
others, no doubt, learned during the voyage.?” There were also those
on the accompanying Le Naturaliste, such as Sub-Lieutenant Francois
Antoine Hérisson, who recorded calculating longitude from readings of
the hour angle.3® The records of the Baudin expedition include frequent
reference to establishing longitude by lunar methods but also refer to
‘estimated longitude’, presumably from dead reckoning. 3°

Use of the Borda circle to calculate longitude became a regular prac-
tice on French expeditions and dual tables of both the hour angle and
the readings from the chronometers were maintained, for example on
Dumont d’'Urville’s expedition of 1837-40, indicating a lingering suspi-
cion of the accuracy of chronometers.*® There was, however, no serious
debate about their utility: hence, French naval vessels were routinely
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equipped with chronometers from 1815 (their use in the French and
British navies became standard, then, around much the same time).*' By
about the time of Dumont d’Urville’s return in 1840, however, the supe-
rior accuracy of ascertaining longitude by chronometers, rather than astro-
nomical methods, was generally acknowledged. This meant less attention
to utilizing other methods such as lunar distances, which had comple-
mented the use of chronometers since their invention. But the conditions
of Pacific voyaging, with vast distances between points where chronom-
eters could be reliably checked, meant that the need for astronomical
methods lingered longer than in other parts of the world. Merchant
vessels, which often could not afford chronometers, kept such astronom-
ical skills alive. Furthermore, naval officers continued to be trained in
astronomical methods as a backup to the use of chronometers.*?

The Restoration (1814-30) and July Monarchy (1830-48)

This incorporation of the calculation of longitude into the regular duties
of naval officers became well established in the remarkable and little-
known series of French voyages of exploration and scientific enquiry
in the period 1817-40. Having been defeated in the titanic struggle
engendered by the Revolution, a depleted France nonetheless found the
resources to undertake such voyages with scientific and imperial goals
in mind. The list of voyages is considerable, exceeding British explo-
ration in the Pacific. They included Louis de Freycinet’s Uranie expe-
dition of 1817-20, Isidore Duperry’s Coquille expedition of 1822-25,
Hyacinthe de Bougainville’s Thétis expedition of 1824-26, Louis de
Tromelin’s Bayonnaise expedition of 1826-29, Cyrille Pierre Théodore
Laplace’s La Favorite expedition of 1829-32 and Artémise expedition of
1837-40, Auguste-Nicholas Vaillant’s Bonite voyage of 1836-37, Abel
Aubert Du Petit-Thouars’s Vénus expedition of 1836-39, Jean Baptiste
Cécille’s Héroine expedition of 1837-39 and, most significantly, Dumont
d’Urville’s Astrolabe expeditions of 1826-29 and 1837-40.

The scientific interest in the first of these, under Freycinet, was consid-
erable, since it was the first major European expedition since the Baudin
expedition returned in 1804 (a year after Baudin died) - a long hiatus
explained by the Napoleonic Wars. Consequently, there was a report
by a star-studded Académie committee, which included Alexander von
Humboldt, Georges Cuvier, Joseph Louis Gay-Lussac, Louis Thenard,
Jean-Baptiste Biot (a member of the Bureau des longitudes) and Elisabeth
de Rossel from d’Entrecasteaux’s voyage. The report focused on the
degree to which Freycinet’s voyage had achieved what they termed its
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chief goal: research on the shape of the Earth and terrestrial magnetism.
Determination of longitude played a part, though the report expressed
continuing reservations about the accuracy of the chronometer,
remarking that determinations of longitude based only on one chronom-
eter were not of much value in promoting the science of geography.*
The Freycinet expedition, however, carried five chronometers: four by
Louis Berthoud and one by Abraham-Louis Bréguet.** Like Ferdinand
Berthoud (Louis’s uncle and founder of the firm), Bréguet was Swiss by
origin but established himself in Paris. There he made chronometers
and other scientific instruments, becoming a member of the Bureau des
longitudes in 1814 and the Académie in 1816. The firm of Bréguet et
fils (which continues) devoted particular attention to the manufacture
of chronometers with Louis Bréguet, the grandson, becoming designer-
manufacturer to the Bureau in the mid-nineteenth century.*®

Having experienced firsthand the tensions caused on the Baudin expedi-
tion by the clashes between civilian experts and naval officers, Freycinetallo-
cated the scientific work, including the determination of longitude, to the
officers.*® This became characteristic of the Restoration voyages, with even
the Académie commenting on ‘the sad example’ that Baudin’s voyage
offered of attempting to incorporate a large number of men of science
into the routines of naval life.*” Under Freycinet’s command, Lieutenant
Laborde, for example, was responsible for astronomical and magnetic
observations, including the calculation of lunar distances, which, wrote
Laborde, were of ‘very high importance for the determination of absolute
longitudes’.*® Indeed, the five chronometers on board all had anomalies,
so checking against lunar calculations remained essential.

Others of the Restoration French Pacific voyages also took the precau-
tion of taking on board a number of chronometers for comparison.
Hyacinthe de Bougainville’s Thétis expedition of 1826-29, for example,
took four chronometers by Louis Berthoud.* Comparing their readings
and keeping registers of the details seems to have become part of the
regular duties of the officers. Although a mere ensign, Charles Jacquinot
was entrusted with the responsibility of overseeing the chronometers
on the Coquille expedition of 1822-25. The report of his captain, Louis
Isidore Duperrey, to the Académie commended Jacquinot for under-
taking ‘this exacting task with a zeal and an accuracy worthy of the
praises of the Académie’.>® Such work now fell to the naval officers
whereas previously on long Pacific voyages it had often been the prov-
ince of civilian men of science.

Such comparison between chronometers continued to be combined
with checks against lunar readings. The Académie strongly endorsed this
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practice in a report on the navigation of the first Astrolabe voyage of
1826-29, under Jules Dumont d’Urville. Its spokesman was de Rossel,
who could speak with authority, having served on the d’Entrecasteaux
voyage and edited the voyage account. He urged continuation of the
practice of using both chronometers and ‘observation of the distances
from the moon to the sun and to the stars’, arguing for the ‘excellence
of these two methods of determining longitude’. Indeed, he went so far
as to argue that ‘The great precision of the astronomical tables and that
of the instruments means that the problem of [establishing] longitude at
sea is resolved’.>! Such a continuing commitment to using both systems
of establishing longitude was evident, too, in the instructions issued to
the La Favorite voyage under Cyrille Pierre Laplace (1829-32). Laplace was
urged ‘to obtain differences of longitude, by means of chronometers’ but
then to check these against ‘terrestrial points, the longitudes of which
have been ascertained before by correct Astronomical observations’.5?
The Académie, in its 1840 report on the Vénus expedition under Abel
du Petit-Thouars (1836-39), again used its prestige to assert the impor-
tance of using the lunar distance method as well as chronometers in
determining exact longitudes. Among the commissioners was France’s
most celebrated cartographer, Charles-Francois Beautemps-Beaupré;
the mathematician and astronomer, Francois Arago, was the rappor-
teur. Against the rising tide of what it termed ‘superficial spirits’ who
maintained the sufficiency of measuring longitude by chronometers, it
pointed out that the six chronometers on the voyage had varied — hence
the need to check them regularly by astronomical methods. For all the
utility of chronometers, the report concluded, ‘the celestial sphere is
still the most direct, the surest, the most exact of the instruments of
longitude’.>® The defensive tone suggests, however, that those who
claimed they could rely upon chronometers without astronomical cross-
checking increasingly questioned the need for such methods. However,
the great distances in the Pacific between major ports where longi-
tude could be checked challenged confidence in chronometers. Hence,
captains continued to use astronomical methods to confirm longitudes
where in other parts of the globe they were less necessary. On the epic
voyage of the Astrolabe and Zélée (1837-40), Dumont d’Urville, when
he first made his way across the Pacific from Valparaiso to Manga-Reva
(and then to Tahiti), turned to the lunar distance method to check
his chronometers in July 1838. Significantly, he gave the lunar read-
ings greater credence than those of the chronometers, arguing that the
astronomical calculations ‘show that our chronometers place us nearly
30 minutes to the west’. This made him concerned about the accuracy
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of his chronometers since, ‘This difference is a little too much for an
interval of fifty days from the time they were regulated’.>*

Though the vast expanses of the Pacific made it difficult, French
voyagers were urged, where possible, to use the facilities of those ports
they did encounter to check their chronometers. When the La Favorite
expedition under Cyrille Pierre Laplace reached Manila, his instructions
required him to use the opportunity to ‘verify with the greatest exacti-
tude the regulation of his chronometers’, especially as ‘the longitude
of Manila must be taken as a point of departure to fix the longitude of
all the points of the Chinese Sea which he shall have visited’. Similarly,
when he reached the Atlantic and the port of Rio de Janiero, the instruc-
tions continued, ‘He will assure himself at that place, the longitude of
which is well ascertained, whether his chronometers have been steady’.
Even when chronometers were not being used to determine the route, he
was admonished to continue taking accurate readings of ‘these precious
instruments’. 3°

Better still was checking chronometers in official observatories, though
there were only limited opportunities to do so. The first of the major
Restoration voyages — the Uranie under Louis de Freycinet (1817-20) —
took advantage of a visit to the observatory at Mauritius in May 1818
to perform scientific observations including determining longitude.>®
Before setting off on the Coquille expedition under Isidore Duperrey
(1822-25), the five chronometers were given a rigorous inspection,
being ‘compared, daily, with the pendulum at the Paris observatory, and
their rating was regulated by M. Barral, the acting director, and our own
officers, by altitudes of the sun taken with an astronomical repeating
circle [probably that of Borda]’.5’

Such precision gave the Coquille’s officers, such as ensign Jacquinot,
the confidence to take it on themselves to establish exact readings of
longitude in areas of the globe such as New Zealand, where the charts
of earlier voyages had differed among themselves. In that case, they
were assured of the accuracy of their timekeepers because they had
been regulated before leaving Sydney (presumably at the observatory).
Reassuringly, when the Coquille reached New Zealand, Jacquinot reported
that the watches ‘stayed in almost perfect agreement and the daily rate
we took at the Bay of Islands differed by only a few tenths of a second
from that calculated at our point of departure’.’® Once the longitude
of a Pacific location had been established with care, the French navy
could build on it in future voyages. The instructions for La Favorite, for
example, referred to the way in which the longitude had been deter-
mined securely by the d’Entrecasteaux expedition. Consequently, it
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‘may be taken as the point of departure towards those which will be
observed when leaving that port’.>

Compilation of such detailed records had a long history in the French
navy, reflecting the instinctive centralization of information since (as in
Britain) logs were deposited in state repositories on return. This French
bureaucratic liking for uniformity and clarity was apparent in the deci-
sion in 1772 to adopt printed forms for shipboard records (earlier than
the Royal Navy). Such records promoted a more quantitative approach
to recording the details of a voyage, whether the basic coordinates of lati-
tude or longitude or other measurements such as magnetic variation.®°
As methods for determining longitude became more sophisticated so,
too, did the records tallying precise information. On the d’Entrecasteux
expedition, for example, there were journals kept by the civilian astron-
omer, Ambrose Pierson (who also served as a chaplain), recording the
readings from the chronometers along with astronomical calculations to
determine longitude and workbooks comparing the two.5! Among the
many detailed records kept by the Baudin expedition were longitudes
measured both by timekeeper and by lunar distances.5?

Steadily, the amount of information recorded about the Pacific expanded,
the French tradition of bureaucratic system marrying well with the scien-
tific impulse to collect as much data as possible.®* Measuring longitude was
one of the most potent forms of encompassing the globe so that it could be
mapped, travelled across and controlled. The French experience of making
the Pacific accessible by means of the grid of longitude and latitude illus-
trated the extent to which the goals of both science and of a modernizing
and expansionist state could work together with a common purpose.

Notes

1. Louis-Antoine de Bougainville, The Pacific Journal of Louis-Antoine de Bougainville
1767-1768, ed. and trans. by John Dunmore (London: Hakluyt Society, 2002),
p- 96.

2. Charles Pierre Claret, Comte de Fleurieu, A Voyage Round the World Performed
During the Years 1790, 1791, and 1792, by Etienne Marchand [ ... | Translated from
the French, 2 vols (London: For T. N. Longman and others, 1801), II, 23.

3. Bougainville, Pacific Journal, p. 2.

4. Derek Howse, ‘The Lunar-Distance Method of Measuring Longitude’, in The
Quest for Longitude, ed. by William J. H. Andrewes (Cambridge, MA: Collection
of Historical Scientific Instruments, Harvard University, 1996), pp. 150-61
(p. 156).

5. Danielle Fauque, ‘Le mégamétre de Charles-Francois de Charniéres (1766—
1774)’, in Le calcul des longitudes, ed. by Vincent Jullien (Rennes: Presses
Universitaires de Rennes, 2002), pp. 16-82.



11.

12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.

27.
28.
29.

30.
31.
32.

33.
34.
33.

Navigating the Pacific: French Approaches 195

. Derek Howse, Greenwich Time and the Discovery of Longitude (Oxford: Oxford

University Press, 1980), p. 73.

. E. Marguet, Histoire de la longitude a la mer au X VIlle siécle, en France (Paris: A.

Challamel, 1917), pp. 213-14.

. Etienne Taillemite (ed.), Bougainville et ses compagnons autour du monde

1766-9, 2 vols, (Paris: Imprimerie nationale, 1977), I, 112.

. Howse, Greenwich Time, p. 77.
. Marguet, Histoire, p. 218; Antoine Raymond Joseph de Bruni d’Entrecasteaux,

Bruny d’Entrecasteaux: Voyage to Australia and the Pacific, 1791-1793, ed.
and trans. by Edward Duyker and Maryse Duyker (Melbourne: Melbourne
University Press, 2001), p. 19.

Jean-Francois de Galaup, comte de La Pérouse, The Journal of Jean-Frangois
de Galaup de la Pérouse, 1785-1788, ed. by John Dunmore, 2 vols. (London:
Hakluyt Society, 1994-935), 1, 52, 161.

Marguet, Histoire, p. 204.

Howse, Greenwich Time, p. 79.

Jean-Claude Sabrier, ‘Louis Berthoud and the Finding of Longitude at Sea:
New Developments’, Antiquarian Horology, 23 (1997), 522-34 (p. 528).
Marguet, Histoire, p. 205.

La Pérouse, Journal, 1, cxlii.

Ibid. 16, 161-62.

Ibid. 196-97, 227.

Fleurieu, Voyage, 11, 8-9, 122, 187-88.

Marguet, Histoire, pp. 31, 222.

Ibid. p. 220; Bruni d’Entrecasteaux, Bruny d’Entrecasteaux, p. 2.

Ibid. p. 220.

Bruni d’Entrecasteaux, Bruny d’Entrecasteaux, pp. 46, 194.

Olivier Chapuis, A la mer comme au ciel: Beautemps-Beaupré et la naissance
de I’hydrographie moderne (1700-1850) (Paris: Presses de I'Universite de Paris
Sorbonne, 1999), p. 295; on the Borda circle more generally, see pp. 256-57,
294-97.

Chapuis, A la mer, p. 71.

Danielle Fauque, ‘Origines du Bureau des longitudes’, Cahiers Clairaut, 55
(1991), 34-39 (p. 38).

Marguet, Histoire, p. 223.

Bruni d’Entrecasteaux, Bruny d’Entrecasteaux, p. 4.

J. A Bennett, The Divided Circle: A History of Instruments for Astronomy,
Navigation and Surveying (Oxford: Phaidon, 1987), p. 135.

Marguet, Histoire, p. 218.

Fauque, ‘Origines’, p. 35.

Bruno Morando, ‘Un moment d’histoire: la creation du Bureau des longi-
tudes en 1795, Les Conférences de la Société philo-mathematique de Paris, 3
(1993), 23-44 (pp. 40, 32).

Fauque, ‘Origines’, p. 34.

Fleurieu, Voyage, 11, 233.

Carol Harrison, ‘Projections of the Revolutionary Nation: French Science in
Australia and the South Pacific,” Osiris, 24 (2009), 33-52 (p. 40).



196 John Gascoigne

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.

46.
47.
48.

49.
50.

51.

52.

53.

54.

See, for example, ‘Comparisons des montres par [Pierre-Franc¢ois] Bernier
astronome sur Le Géographe [Baudin expedition]’, Archives Nationales, Paris
(hereafter AN), 5]J/45.

Journal et autres documents de Pierre-Guillaume Gicquel, AN, 5]J/55, fol.
5 (27 Vendemiarie an 9), Baudin Legacy Project <http://sydney.edu.au/arts/
research/baudin/project/> [accessed 23 March 2015].

Journal de Francois Antoine Hérisson recorded two readings in 1801, AN,
5]]J/56, fols [7] and [9], Baudin Legacy Project.

For example, Journal de Francois-Désiré Breton, AN, 5]JJ/57, [fol. 35], Baudin
Legacy Project. The journal distinguishes this from the many readings of
longitude by the lunar distances, indicated using symbols for Sun and
Moon.

‘Registre d’angles horaires et de longitudes par les montres, sur I’Astrolabe’,
1838-40, AN, 5]J/132 Aa E.

Marguet, Histoire, p. 205; Eric Forbes, “The Scientific and Technical Bases for
Longitude Determination at Sea’, Schiftenreihe fiir Geschichte der Wissenschaften,
Techhnik und Medizin, 16 (1979), 113-18 (p.118). In the Royal Navy, full imple-
mentation of regulations on the use of chronometers took some time. On the
Navy’s parsimony with chronometers well into the nineteenth century, see
W. E. May and Derek Howse, ‘How the Chronometer Went to Sea’, Vistas in
Astronomy, 20 (1976), 135-37 (p. 136).

Howse, ‘The Lunar-Distance Method’, p. 159; Eric Forbes, The Birth of
Navigational Science (Greenwich: National Maritime Museum, 1973), p. 160.
Académie des sciences, ‘Rapport sur la voyage de 1'Uranie (1817-20)’, AN,
BB4/998/2, fol. 12.

Marguet, Histoire, p. 224.

David Lionel Salomons, Bréguet, 1847-1823 (London: privately printed,
1921), p.11; Jacques Payen, ‘Louis Francois Clément Bréguet’ in Dictionary
of Scientific Biography, ed. by Charles Gillispie, 16 vols (New York: Charles
Scribner’s Sons, 1970-80), II, 438-39.

John Dunmore, French Explorers in the Pacific, 2 vols (Oxford: Clarendon
Press, 1965-69), II, 62.

Académie royale des sciences, Extrait de la séance du lundi, 4 Fevrier 1833,
AN, BB4/998/2.

Journal de Charles Laborde, AN, 5]J/79, fol. 20.

Marguet, Histoire, p. 226.

Louis Isidore Duperrey, Voyage autour du monde exécuté par ordre du roi sur la
corvette [ ... ] La Coquille, pendant les années 1822, 1823, 1824 et 1825 (Paris:
Arthus Bertrand, 1826), p. xxv.

Le Chevailier [Elisabeth] de Rossel, Rapport sur la navigation de I’Astrolabe
commandée par M. Dumont d’Urville. lu a I’Académie royale des sciences, dans le
séance du 17 aoiit 1829 (Paris: J. Tastu, 1829), p. 8.

Cyrille Pierre Théodore Laplace, Voyage autour du monde par les mers de I'Inde
et de Chine, 5 vols (Paris: Imprimerie royale, 1833-39), I, xxv.

Francois Arago, Rapport fait a I’Académie des sciences sur les travaux scientifiques
de la frigate la Vénus (Paris: Impr. de la Cour de Cassation, 1840), pp. 6-8.
Jules-Sébastien-César Dumont d’'Urville, Voyage au pole sud et dans I’Oceanie
sur les corvettes I’Astrolabe et la Zélée, exécuté par ordre du roi pendant les années
1837-1838-1839-1840, 23 vols + 6 atlases (Paris: Gide, 1842-54), III, 128.



55.
56.

57.
58.

59.

60.

61.

62.

63.

Navigating the Pacific: French Approaches 197

Laplace, Voyage, 1, xxi, xxiv.

‘Historique sommaire de 1’expédition de 17 Sept. 1817 au 19 mai 1820, AN,
BB4/998, fol. 2.

Duperrey, Voyage, p. 12.

Charles Jacquinot, Cogquille journal, AN, 5JJ/82, fol. 120; Extracts from New
Zealand Journals Written on Ships Under the Command of D’Entrecasteaux and
Duperrey, 1793 and 1824, trans. and ed. by Isabel Ollivier (Wellington, N.Z.:
Alexander Turnbull Library Endowment Trust, 1986), p. 105.

Laplace, Voyage, I, xxii.

Philippe Despoix, Le monde mesuré: dispositifs de l'exploration a l’dge des
lumiéres (Geneve: Droz, 2005), p. 80.

Registre de la marche des montres par Pierson, sur L'’Espérance (1792), 5]]/22;
Notes [astronomical] de Pierson: observations de longitude; cahiers de
comparaisons (1792-93), AN, 5]JJ/17.

Margaret Sankey, ‘Writing the Voyage of Scientific Exploration: The Logbooks,
Journals and Notes of the Baudin Expedition (1800-1804), Intellectual History
Review, 20 (2010), 401-13 (p. 405).

Ibid., p. 401.



Part IV

The Practice of Navigation
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Navigation and Mathematics: A
Match Made in the Heavens?

Jane Wess

[W]e may be said to receive from the Mathematics [ ...] Increase of
Fortune, and conveniences of Labour [...] we have safe Traffick
through the deceitful Billows, pass in a direct Road through the
tractless Ways of the Sea

Isaac Barrow, 1734!

This chapter explores the extent to which elite astronomy and math-
ematics influenced the practice of navigation in Britain in the period
some historians celebrate as the birth of scientific navigation.? Although
some writers, particularly those closest to the practice, consider navi-
gation to be an art, most tell of the ‘science’ of navigation and most
put the start of scientific navigation with the advent of the Nautical
Almanac.® Obviously these developments, from intuition to reliance on
a mathematically based procedure, were not instantaneous or without
problems.

The research was stimulated by an interest in the extent to which
mathematics could deliver effective results. Because the lunar distance
method of finding longitude depended on a much higher level of math-
ematics than any other lay mathematical practice of this period, it was a
crucial case study. This chapter argues that, contrary to expectations and
the implications of some authors, the lunar distance method featured
very little in actual practice right up until the end of the eighteenth
century and beyond. The golden years, which Howse identified as 1780-
1840, before chronometers became sufficiently reliable and affordable
for widespread use, appear to have been very few, if they existed at all.*

This argument challenges the applicability of Wigner’s concept of
the ‘unreasonable effectiveness of mathematics’ to real situations in
this period.> This concept was the underlying assumption behind Isaac

201



202 Jane Wess

Newton’s approach: in an excerpt from his ‘Optical Lectures’, Newton
stated that ‘Astronomy, geography, navigation, optics and mechanics are
truly considered mathematical sciences, even if they deal with physical
things [...]. Indeed, I hope to show, as it were by example, how valuable
mathematics is in natural philosophy’.® In particular, the anonymous
author of the preface to Newton’s ‘Theory of the Moon’s Motion’,
purports to show that the new Newtonian philosophy has a practical
as well as theoretical significance.” This concept has gained credibility
and been steadfastly adhered to by many writers since.® While Wigner
cites the inverse square law of planetary motion and the mathematical
description of the helium atom, he infers the upholding of our under-
standing of the entire physical world through the use of mathemat-
ical description. He does not question the transfer of this theoretical
understanding to lay practice, where the significance can be frustrated.
According to authors in Is Mathematics Inevitable?, for example, ‘The
practical value of mathematics cannot be over-emphasised’.” However,
although believed by many to be humanity’s ‘most powerful weapon in
the conquest of nature’, mathematics not only failed to deliver in this
case, but also, it will be argued, was the major impediment to the success
of the lunar distance method.!°

The issue of longitude loomed large in the expansionist endeavours
of European nations, in particular as represented by the Royal Society in
Britain during the eighteenth century. It stimulated the pursuit of natural
philosophy and the production of instruments.!! We can connect the
mathematization of navigation, in the desire to find longitude, with the
development of Britain as a nation state. While Williams can reason-
ably argue that, ‘Only in modern times has navigation been central to
warfare and defence’, global trade, colonial expansion, and national
competition for dominance over far-distant lands all played a central
role in establishing power.!? Gascoigne has documented the increasing
role of the Royal Society in government, and the influence of commer-
cial interests, specifically in navigation, in England during the century
from 1670. This is apparent in the foundation of the Royal Observatory
and the Royal Mathematical School at Christ’s Hospital, the Smith Prize,
the passing of the Longitude Act and the multiple purposes of James
Cook’s voyages.!® At this time, according to Lambert, Britain began to
benefit from a Tudor decision to become a maritime nation.!* Besides
the national interest, the vast British East India Company (EIC), with
tax-collecting rights and a large army, was sending between ten and 15
ships a year to India by 1710. In the following 30 years, ‘warehouses
filled, ships sailed, dividends steadied, fortunes accrued’.!> The EIC was
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commissioning ships at a rate of 30 per year in the mid-eighteenth
century, and did not want to lose them or their precious cargos. Ten
thousand tons of shipping passed through Calcutta each year between
1715 and 1725.1¢

The triumphalist tale of John Harrison has been told many times,
even before Sobel’s ‘true story of a lone genius’, galvanizing historians
into counterbalancing presentations of the lunar distance method.!” The
unfortunate bipolarity of the debate has contributed to an unwilling-
ness to investigate critically the efficacy of the lunar distance method.
Bennett’s unassuming paragraph at the start of his chapter ‘Longitude
Found’ in The Divided Circle, to the effect that the widespread use of both
methods had to await the nineteenth century, requires a wider airing
backed up by detailed research.!® This chapter goes some way towards
that, arguing that dead reckoning was the principal method of finding
longitude until at least 1800, that the emphasis on more sophisticated
methods has overshadowed its prevalence and that the impact of the
lunar distance method in this period has been over-stated. Recently,
more balanced views have seen the practices as complementary, with no
single method being taken as ‘read’.!* However, before the work of the
Board of Longitude project, some authors overlooked dead reckoning,
not even acknowledging it as a method of finding longitude.?

The input of ‘Mathematicians of the First Character’

Between the late seventeenth and mid-eighteenth centuries, leading
mathematicians and astronomers devoted considerable resources to
understanding the motion of the Moon. These were ‘Mathematicians
of the First Character’, to use a phrase from the preface of Newton’s A
Treatise on the Method of Fluxions and Infinite Series.?! There is a long list
of major players, including Newton, Edmond Halley, Roger Cotes, John
Flamsteed, Jean le Rond d’Alembert, Alexis Clairaut, Nicolas-Louis de
Lacaille, Leonhard Euler, James Bradley and Nevil Maskelyne.

The beginning of this particular episode in the ‘harrassment of the
Moon’, as William Whiston charmingly put it in 1728, was a visit by
Newton to Greenwich in September 1694, when he was shown Flamsteed’s
lunar data.??2 Newton had asked for ‘the Right Ascensions and apparent
meridional altitudes of ye Moon as you have found them in yr observa-
tions without allowing for the refraction and parallax. I will take care
of all the rest’.23 Curtis Wilson relates that Newton received 250 lunar
observations, but that the errors averaged eight arc minutes, when obser-
vations to within two arc minutes were necessary to find longitude to
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one degree.?* There is some uncertainty as to what exactly Flamsteed sent
Newton, but it may have been corrected results when Newton required
raw data.? The implication from earlier historians that Flamsteed with-
held data appears untrue, a ruse later put about by Newton to disguise
his lack of progress. At that time Newton felt there was just a possibility
that the Moon’s motion could be understood in a way which would solve
the longitude problem, Gregory relating that Newton felt ‘the theory of
the Moon is within his grasp’.26 However, with the theory not compre-
hensively mastered, four years later Newton wanted to keep his efforts
from public gaze, claiming that Flamsteed’s disclosure of his work on
the Moon would show that he was ‘trifling his time away with math-
ematical things’.?” In computations not made public at the time, Newton
had written that it was ‘better to omit’ them, ‘as being too complicated
and impeded by approximations, and insufficiently accurate’.?® Westfall
describes this episode as the ‘lunar debacle’.?

Whiteside, Westfall and Iliffe have recounted Newton’s struggle with
this problem.3° Although other historians have argued that it can only
be seen as a failure if you discount the following 50 years, the fact that
Newton saw it as a failure is revealing.3! He is reported to have said that
his ‘head never ached but with his studies on the Moon’, and confided
to De Moivre that he would like to have had another go at it if he were
a younger man.>?

Newton’s Theory of the Moon’s Motion appeared in a pamphlet in
1702, consisting of a seven-step recipe in tortuous and opaque text for
applying equations to solve the problem of finding longitude by the
lunar method. It was included in a slightly different form in the second
edition of the Principia in 1713, when, according to Cohen, a reviewer
called attention to the longitude problem.?* Lunar theory appeared in
the 1726 English edition but without a specific reference to its use. The
statement that “The mean motion of the moon and its apogee are not
yet known with sufficient accuracy’, made in the third edition of the
Principia, begs the question ‘for what?’, but it is reasonable to assume that
it refers to finding longitude.?* Newton’s statement to the parliamen-
tary commission on longitude in 1714 supports this, listing the various
methods before denigrating them: ‘A Third [method] is, by the Place of
the Moon: But her Theory is not yet exact enough for this Purpose: It is
exact enough to determine her Longitude within Two or Three Degrees,
but not within a Degree’.3® In 1727 James Bradley, the then Astronomer
Royal, detected and explained the aberration of light.3¢ What is particu-
larly relevant here is that he had been working on the problem of lunar
parallax.
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A 1789 portrait of Joseph Banks, long-standing President of the Royal
Society, shows him with an engraving of the Moon by John Russell.?’
Tobias Mayer also saw the potential of the Moon for ascertaining the
precise latitudes and longitudes of places for map-making.3® In his 1745
Mathematischer Atlas he produced detailed illustrations of the Moon’s
surface.?® More importantly for the manifestation of the lunar distance
method, he produced a lunar theory sufficiently accurate for use by
Maskelyne in tables for navigation. The Moon was the implicit, and some-
times explicit, object with potential. The end product of this endeavour,
spanning three generations and including French work on lunar distances
discussed in the chapter by Guy Boistel, was the Nautical Almanac, which
arrived in 1767, and the accompanying Tables Requisite, published in
1766, 1781 and 1801, containing data that did not need recalculating on
an annual basis.*° The fact that there was a tangible product at this point
is largely due to Maskelyne’s efforts.*! The Nautical Almanac, so it was
claimed, enabled seamen to use the lunar distance method

A new emphasis on general practice

Some long-held views of this episode, promulgated by a series of histo-
rians, should now be challenged. The first is that the Nautical Almanac
changed everything. Taylor claimed that in 1767 ‘The pre-scientific age
of navigation was brought to a close’.*> Much later Howse claimed that
‘a very high proportion of the world’s deep sea navigators’ began to
use the Nautical Almanac from 1767.43 However, while 10,000 copies of
the Tables Requisite were printed by 1781, this is no guarantee of use:
Howse states that 6,992 remained unsold by 1784.#* A survey of naviga-
tors’ textbooks, instruments and ships’ logs in the 1770s has found little
evidence of new methods being introduced as an immediate result of
the publication of the Nautical Almanac.

The second misconception is that the lunar distance method was easy,
an error made by taking too literally the word of the person who was
promoting it. Maskelyne’s assertion that it demanded ‘only care in the
computer, and [...] no particular knowledge of spherical trigonometry’
is technically true but misleading.*> Taylor and Richey’s statement that
the tables ‘made a long known theoretical method practicable’ was not
borne out in the immediate aftermath.*® Likewise, Howse claimed that
‘any competent mariner’ could now measure longitude ‘quickly and
comparatively easily’.?

The third misconception is that the new tables did away with the
most time-consuming and difficult parts, reducing the calculations from
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four hours to 30 minutes.*8 It is likely that this statement held true for
Maskelyne, James Cook and John Campbell, who were among the small
number of people capable of performing the calculations at this time,
but otherwise seamen were not using the lunar distance method. Again,
Howse: ‘officers of the East India Company and of the Royal Navy
showed the way. Some of the former had already begun to find their
longitude the hard way, [...] now they turned thankfully to the new
almanac’.** However, the impression that the Nautical Almanac changed
standard practice is misleading.

The fourth misconception is that seamen were backward. It may be that
practitioners take up new methods slowly but, as Thomas Haselden put it
in 1722, ‘Navigation is no trifling knowledge’.>° Dead reckoning demanded
a level of mathematics not strictly elementary. Using ‘plain’ trigonometry,
sometimes with the Mercator chart, following through the individual
problems to form a traverse table to produce the day’s work, relates approx-
imately to highest school level today. There was considerable skill in navi-
gation, which became increasingly mathematical in this earlier period,
not through the use of lunar distances but through gradually improved
teaching via schools, lectures and texts explaining the more routine, but
nevertheless demanding, methods. The texts indicate an increasing use of
the Gunter rule during the eighteenth century, a mathematical tool for
navigation based on the work of Edmund Gunter in the early seventeenth
century.>! There is a perennial concern that the use of instruments leads to
a de-skilling, but I have elsewhere argued that there was an increase in the
mathematical skill of lay practitioners during the period, and an increase
in the use of an instrument indicates a wider take-up, not a resort to rules
by those already familiar with the unaided process.5? However, the compu-
tation of lunar distances was tedious, complicated and opaque compared
to calculations based on dead reckoning, and without appropriate training
remained beyond the capabilities of ordinary navigators.

Evidence from texts, instruments and ships’ logs

The lunar distance method supposedly was in its prime during the last
third of the eighteenth century.5® However, this section will show, first,
that there are few references to the method and the Nautical Almanac in
navigation texts in the period immediately following its first publica-
tion. Second, it will explore the puzzling development of and relation-
ships between instruments, in particular the Hadley quadrant (octant)
and the sextant. Third, evidence from a selection of ships’ written logs
is examined.
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I examined the following practical navigation texts for content
regarding use of the lunar distance method:

William Mountaine, A Description of the Lines on a Gunter Scale, 1768

Alexander Ewing, A Synopsis of Practical Mathematics, 1771 and 1779

Benjamin Donn, Description and Use of the Navigation Scale, 1772

John Robertson, The Elements of Navigation, 1772

William Puddicombe, The Mariner’s Instructor, 1773

Murdoch Makenzie, Treatise on Maritime Surveying, 1774

Thomas Haselden, Seaman’s Daily Assistant, 1774

Benjamin Donn, The British Mariner’s Assistant, 1774 and 1785

John Hamilton Moore, Practical Navigator, 1776 and 1786

Henry Wilson, Navigation New Modelled, 1777

Andrew Wakely, The Mariner’s Compass Rectified, 1779

Benjamin Martin, The Mariner’s Mirror, 1782

John Bettesworth, The Seaman’s Sure Guide, 1783

William Nicholson, The Navigator’s Assistant, 1784

John Ritchie, Directions for Sailing in the Northern Part of the Bay of
Bengal, 1785

Samuel Dunn, The Lunar Method Shortened in Calculation and Improved,
1788

John Hamilton Moore, The New Practical Navigator, 1794

Andrew MacKay, Description and Use of a Sliding Gunter, 1802

Andrew MacKay, The Complete Navigator, 1804

The texts published in the 1770s included no references to the Nautical
Almanac or lunar distances. William Puddicombe wrote in 1773:

The manner of keeping a reckoning by our English navigators is by
the log line and half minute glass. Longitude ‘made’ being what is
always kept in the HM Navy, and the longitude IN being more gener-
ally kept on Merchant ships. Meridian is where you take your depar-
ture from.5*

In 1777, Henry Wilson wrote, ‘Nor is it possible to conclude, that
Navigation is arrived at its ne plus ultra so long as the Longitude remains
to be such a puzzling Subject to our best Mathematicians’.>> Ewing
recommended taking the Lizard as the reference meridian in 1779,
which would make use of the Nautical Almanac impossible.>

In the 1780s, a more complex situation arises. Benjamin Martin’s
preface talks of a reform in navigation, but by this he means the discovery
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of the true figure of the Earth. He gives a table of meridional parts to take
account of the ellipsoid nature of the globe, indicating the use of dead
reckoning. His preface to part 2, dated 1782, clearly states: “The Method
of finding the Longitude by the Distance of the Moon from a Star is
well known to be, if not impossible, yet so difficult and dubious as to
be of little or no Use to the Mariner’, citing the authority of the long-
dead Halley.5” He then begins a suspicious trend: devoting three pages
out of 100 or so to the lunar distance method, which is considerably
more difficult than anything else in the book. John Bettesworth devotes
seven pages out of 161, William Nicholson 13 out of 223. Nicholson was
honest enough to say that, ‘A book of the nature of the present might be
thought essentially improper, if it did not contain instructions for the
solution of this problem [Longitude]. A Chapter is therefore added’, thus
making it clear that he was only including it for form’s sake.>® In 1785,
Benjamin Donn gave instructions for taking the latitude by observation
but not the longitude. There are no lunar distances in Ritchie in 1785 or
in John Robertson in 1786. In 1788, Samuel Dunn gave rules for lunar
distances that are considerably simpler than Newton’s or Maskelyne’s,
the first meaningful reference found in a book of this type intended for
practising navigators.>®

Fewer works were available for study from the 1790s, possibly indi-
cating reduced production in Britain. May notes that the first text to
mention a chronometer was by John Malham, in 1790.% John Hamilton
Moore does mention the sextant, the Nautical Almanac and Tables
Requisite, giving more examples than previous works, but still only
devoting an extremely small proportion to lunar distances. In 1802 and
1804, Andrew MacKay gives a detailed description of the observation,
recommending a Hadley quadrant for the altitude measurements and
a sextant for the lunar distance.®! However, the calculations still only
occupy 20 of 268 pages, less than 10 per cent. It appears that informa-
tion on taking lunars was available in texts by the end of the century,
but it was not what sold the books.

Second, if we turn to the development of instruments, there is a
considerable literature. However, there is a tendency to focus on early,
beautiful and special instruments rather than those produced in large
numbers, possibly because of the influence of the scientific-instrument
trade and a tendency among instrument historians to focus on the
moment of invention rather than general take-up.

The basic instruments for dead reckoning were the sandglass, log
and line, and compass. Unless there is a specific reference to a ‘watch’,
‘timekeeper’ or, later, ‘chronometer’, time was measured by sandglass.
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East Indiamen and Navy ships recorded speed and heading every hour,
merchantmen every two hours.%? If the lunar distance method were as
successful as previously claimed, one would expect less emphasis on log
readings in this period.®® Essentially, the log and line gives the ship’s
speed, which, combined with intervals of time, gives its distance and,
with direction or ‘course’, the position relative to where the ship started.
A day’s work refers to the combination of the ship’s various tacks in
24 hours. Basic trigonometry, sometimes adjusted for latitude by using
meridional parts, gives a deduced change in latitude and longitude. The
considerable development of the log and line in this period, making
them more ‘scientific’, is unexpected if the Nautical Almanac had the
effect claimed. One in the Science Museum collection by Foxon was
patented in 1772. It uses a spiral mechanism, the turns of which can be
counted to give a more accurate reading.%* The other essential piece of
kit was the compass.

The standard Gunter scale also appeared to be developing during
this period.% Benjamin Donn proposed one, an example of which is in
the Science Museum, accompanied by a booklet, in about 1775.%6 The
problems described were all to do with dead reckoning; that is, with
plane trigonometry. The ‘canons’, or basic rules, are also set out on the
instrument. The first is ‘As the Radius is to Distance so is the sine of
the course of departure, and so is the sine complement of the course to
the difference of latitude’. Departure was the change in longitude. This
is followed by three similar canons - for finding latitude, mid-latitude
sailing and using the Mercator chart — involving the table of meridional
parts. In 1778, William Mountaine advocated a sliding Gunter, which
does not appear to have been as successful as the basic rule.?’

Another instrument that continued unabated was the octant. Morzer
Bruyns’s Sextants at Greenwich shows examples from the 1750s almost
identical to those of a century later.®® Some writers have given the impres-
sion, perhaps inadvertently, that the sextant superseded the octant. This
may be an interpretation of readers accustomed to linear developments
of instruments and the ideas that accompany them. Wynter and Turner
describe the sextant as an improvement on the octant; Andrewes states,
‘When the new theory that made the lunar distance method viable was
advanced in the 1750s, it took little time to develop the octant into a
more precise angle-measuring instrument’.®

The longevity of the octant therefore requires explanation. For
example, Turner says that the sextant superseded the octant in the 1770s,
but he goes on to say the latter remained until about 1900 because of
its low cost.”® Morzer Bruyns is clear: ‘While the octant remained in use
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to measure altitudes, the sextant was primarily used for lunar distanc-
es’.”! May also describes how two assistant observers would use octants
during a lunar, an interesting parallel to trigonometric surveying prac-
tice at this time, where the highest-ranking person would have the most
expensive instrument.”? Bennett says the octant took on the role of the
workaday instrument, while the sextant was more special.”> Hewson
gave a compelling answer to the question of longevity back in 1951:
‘The reason for the popularity of the Hadley’s quadrant in spite of the
superior precision of the sextant, was that probably for observations of
latitude it served well enough’.”* Given the lack of evidence for lunars,
which I will discuss, and the extraordinary cost of sextants, at four and
a half times the price of octants, the vexing question is why people were
buying sextants at all.”> Without further research, the answer would be
guesswork, but the beauty of the contemporary instruments is striking,
in line with the ‘special’ nature described by Bennett.

An important factor is the introduction of mechanical scale division.
Chapman argues that the expense and slow production of hand-graduated
instruments limited the full potential of the lunar method. He differenti-
ates the work of instrument makers Jesse Ramsden and Edward Troughton,
both operating with the new dividing engines in the period under consid-
eration, from that of earlier followers of the classical tradition: George
Graham, John Bird and Jeremiah Sisson. He notes that Ramsden and
Troughton were part of the movement that introduced the industrial revo-
lution.”® Producing sextants in considerable quantities was required for
widespread use of the lunar distance method. ‘Machine graduation offered
the prospect not only of cheaper, more plentiful instruments, but of easily
attested accuracy that was free from personal errors’.”” Ramsden’s second
engine, specifically for nautical instruments, came into use in 1775.

McConnell relates Bird’s approval of Ramsden'’s engine and his assess-
ment that it was accurate to two thousandths of an inch. She relates
that after the introduction of this second engine, hand dividing quickly
gave way to engine division. Ramsden took in instruments from other
makers, producing over 1200 by 1794, if the serial numbers are an accu-
rate reflection. McConnell gives a figure of 1450 by 1800, and claims
Troughton produced at a similar rate. The most detailed analysis of the
number of sextants produced comes from Stimson’s 1975 survey.’8 It
is not necessary to go outside London, indeed outside Greenwich, for
tangible evidence of the successful production of these exquisite instru-
ments from the Ramsden and Troughton stables. After 1775, the slow
production of sextants cannot stand up as an impediment to the adop-
tion of the lunar distance method.
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Thirdly, there is evidence from ships’ logs. May made a survey of
logs from the point of view of the introduction of the chronometer
in 1976.7° Similar research is required for the use of the lunar distance
method. About 50 Royal Navy logs picked at random between 1767 and
1800 have been studied, also a set plucked from 1807/8, two logs from
ships of exploration, ten EIC logs picked at random from the period
1780-1800, and about 20 ‘Memoirs of Charts’ published for the EIC by
Alexander Dalrymple between 1785 and 1797.8° The latter are part of a
set of 50 drawn up by Dalrymple following his appointment by the EIC
in 1779. Previously, May had looked at a small number of logs, mostly
from the EIC.8! A range of routes was included because these ships were
selected at random, and, over a period of years, they often sailed to
several different places.

There was very little difference in Royal Navy logs between 1767
and 1800, whatever the size of vessel or route. Captains’ logs were pre-
ruled, with date, day, wind, course, distance, latitude in, longitude made
and bearings in columns from left to right on the left-hand page.3?
The right-hand was a written log, always describing the weather, often
rations and, sometimes, punishments. There were no attempts to take
numerical measurements within a certain distance from any shore; that
distance could be up to 30 leagues or 90 miles. While it may appear
that longitude was measured immediately upon leaving this area, these
measurements were taken in all conditions, even when the weather is
described as squally with thunder. The process is clearly dead reckoning,
with latitude and longitude, the latter from the point of departure at the
start of the day, deduced from a combination of the various courses and
distances.

In about 1775/6, longitude made (that is, from the start of any partic-
ular journey) was replaced by longitude in, from a fixed meridian.
This was a step towards a nominal zero line, but that was not always
Greenwich, as the Lizard was frequently used. Latitude in and longitude
made, or in, were marked every day, whatever the weather, also indi-
cating no use of astronomical measurement. Masters’ logs were rougher
but more detailed, with speed in knots and depth in fathoms marked
each hour.®® A gradual move towards the use of numbers in describing
the course (or compass direction) in degrees rather than compass points
is detectable but not consistent.

In about 1795, there is a break in the pattern. There are regular daily
latitude measurements without the accompanying course, distance and
longitude in, for places within reach of land where previously nothing
would have been recorded. These are not dead reckoning results, which
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rely on course and distance. They appear to be latitude results by
observing altitude with an octant or possibly a sextant. Unfortunately,
no reference to instruments appeared in the written logs, but EIC ships
in the 1780s and 1790s frequently took latitude, but not longitude, by
observation, so this would not be unexpected. This trend appears not
to continue and there is a reversion to the previous manner of working
later in the decade. More ships’ logs need to be studied, but a random
selection of Royal Navy ships sailing in the first decade of the nine-
teenth century revealed no change.

In order to be sure lunar distances were not missed, a voyage of explora-
tion was added to the list of Navy ships, although these relatively few and
sophisticated projects were not the focus of this study.3* Evidence of lunars
was immediately found, having a very different appearance to dead reck-
oning. The first of these was the voyage of the Discovery, which, with the
Chatham, sailed under George Vancouver to Australia and New Zealand
across the Pacific and then up the west side of North America between
1791 and 1795. In 1793, Lieutenant Puget was acting commander and
kept the log.35 He was using two ‘watches’, one running on Nootka rate
and one on Monterey rate. From 2 February 1794, he also began to take
lunars or ‘longitude by Sun and Moon’. The log includes calculations of
differences resulting from the various methods employed. Vancouver had
taken 12 sextants, according to McConnell, the majority by Ramsden.® It
appears that these instruments, and particularly the chronometers, were
objects of study as much as providers of reliable data.

Another voyage of exploration was that of the King George, which
sailed to the Sandwich Islands in 1786-87. The logbook is ruled to give
spaces for longitude by account (dead reckoning), by observation (astro-
nomically), and by the ‘watch’ or ‘time piece’, the first being taken regu-
larly and the latter two sporadically. On 27 March 1787, all three were
taken with results 50 minutes of arc apart.?” These pioneering vessels
were experimenting with the new methods 20 years after the introduc-
tion of the Nautical Almanac.

Previous research has indicated that the EIC was ahead of the Navy
in taking up new methods of navigation, and Dalrymple’s Memoirs of
Charts bear this out.®® On 8 April 1779 Dalrymple urged navigators to
supply him with their observations ‘either by the Moon or timekeeper’,
promising to provide templates for logs, ‘properly ruled with all the
columns which I could wish filled up’.# The aim was to produce reliable
charts using as many methods as possible to find latitude and longitude:
namely old charts, existing ships’ logs, bearings, lunars, chronometers
and dead reckoning. The ambition was to reduce the need for future
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East Indiamen, the regular merchant ships, to have to perform ocean
navigation.”®

One of the longer memoirs, written between December 1786 and
February 1787, concerns the production of a chart from Mozambique to
India.®! Dalrymple compared his own use of lunars with a timekeeper on
the sloop Swallow in 1776, which were productive until the timekeeper
‘stopt’.?2 In 1785, both Captain Huddart and Captain Cumming made
chronometer observations through the Straits of Malacca.”® ‘Had Capt
Cumming’s chronometer shewn the exact longitude on his arrival upon
the Coast of China, we should, from His observations, have very satisfac-
tory data [...] but this was not the case’.** Dalrymple frequently had to take
the mean of two or more very different results to construct his charts.

Another Memoir recounts the passage of the Atlas under Captain Allen
Cooper in 1785, eastward of Banka, Indonesia.”> Cooper had an Arnold
chronometer, which he compared with lunar distances. Dalrymple,
while acknowledging his gratitude to Cooper, stated, ‘Capt Cooper’s
observations, do not give, with competent precision, the Longitudes in
this quarter’. Cooper routinely corrected his chronometer from bearings
taken from the shore. The following year another Memoir concerned the
Straits of Sunda and Banka. The problem treated was the difference of
longitude between Krakatoa and Lusipara. Dalrymple used as evidence
the timekeeper deployed on the EIC ship Resolution, without corrections
by lunar distance, ‘which I think reduces the difference of longitude to
an impossible quantity’, indicating he did not believe the results.”® These
are warts-and-all accounts and frequently Dalrymple expresses frustra-
tion: having discovered that the Sulivan, Ponsborne and Hawke had sailed
to the east of Banka in the preceding few years; ‘I cannot learn that any
sketch was made [...] and I despair of doing it from the Journals’.*”

John McCluer, first lieutenant of the East India Company Marine at
Bombay, was taking the time by chronometer every hour and altitudes
with an octant in 1786. He complained: ‘The EIC sent for this survey a
box and 2 Arnold chronometers which were more trouble than any real
use’, although Dalrymple thought that McCluer’s expectations were too
high.%® On a later voyage to Malabar in 1789-90, McCluer took lunars as
well as using a chronometer, but put little faith in his results.’® However,
at Tellicherry and Anjengo he was pleased with the similarity of his
chronometer and the astronomical results he made on land.'® On 20
and 26 April 1788, Captain John Pascal Larkins took sophisticated lunar
distances each side of Antares with a sextant and a quintant, with a
discrepancy of half a degree. However, the astronomical observations are
sporadic, whereas course and distance, leading to latitude and longitude
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made, are a constant feature of the log.!°! By 1793, James Horsburgh in
the Anna was frequently taking longitude from stars both sides of the
Moon in the most sophisticated observations found.!?? Horsburgh, an
accomplished mathematician, was introduced to Joseph Banks in 1796
and he became a Fellow of the Royal Society in 1806, so he arguably is
unrepresentative of ships’ captains in general.1%

Dalrymple expressed his view in 1784: ‘Lunar Observations at Sea
are incompetent to fix reciprocal Longitudes of Places so near to each
other; and the Observations do not agree together, so that we must have
patience ‘till The exact Longitude can be obtained by Chronometer’.1%4
Even for one of the few who had taken lunar distances successfully, the
‘golden age of the lunar distance method’ is a misleading phrase. At
about the same time he wrote:

The more recent Improvements in NAVIGATION, which leaves the Lunar
Observations as far behind, as they did the Variation, is by CHRONOMETER.
[...] the degree of precision to which they are now brought, by Arnold,
would not, ten years ago, have been believed within the bounds of
possibility 195

Dalrymple’s close association with the chronometer maker John Arnold,
documented by Cook, needs to be taken into account, but his comments
add weight to the view that the lunar distance method was not generally
accepted as a satisfactory solution for finding longitude.!°¢ Dalrymple
did concede that lunars were useful for long voyages. The divide between
voyages of exploration and the rest was not as marked in the EIC as it
was in the Royal Navy. However, neither are the voyages that produced
Dalrymple’s Memoirs truly representative of the routine East Indiamen's
practice, for as Dalrymple comments; ‘there is rarely time for surveying
on the side’.!?” For information concerning the range of situations, ten
ship’s logs were chosen at random for the period 1780-1800.1%8

The Lively, whose log was kept by the chief mate Robert Neve, did not
measure latitude or longitude other than by dead reckoning in 1780-81
on its way to and from Madras and Bengal.!%° The Tartar under Captain
Edward Ffiot measured latitude astronomically, as well as magnetic varia-
tion, on its way to and from Madras and Bengal in 1781-83.119 However,
there was no measure of longitude other than by dead reckoning. The
Hawke'’s 1log, mentioned previously, shows that while the vessel was
travelling to and from China and Madras, latitude was observed astro-
nomically from 1781, but longitude only by dead reckoning until 1790,
when a chronometer was introduced.!'! The Queen under Captain Peter
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Douglas, travelling between Madras, China and St Helena, measured
latitude astronomically from 1783, and introduced lunars occasion-
ally from 1787.112 The Royal Admiral, under Joseph Huddart, a navi-
gator of renown, used a chronometer for longitude from 1787.113 The
Swallow under Captain George Curtis only used dead reckoning on its
trips between England, Madras and Bengal in 1790 and 1791.1 The
Taunton Castle, under Captain James Urmston, introduced lunars and a
chronometer from 1791 when travelling between Bombay and China.!!®
The Ocean under Captain Patton, sailing to and from St Helena, Madras
and China, used lunars from 1792.11¢ The Isabella under Captain George
Wilkinson only observed latitude astronomically in 1798.1'7 Similarly,
the Castle Edin under Alexander Cumming observed latitude astronomi-
cally but not longitude until 1802, when lunars and a chronometer were
introduced.!® A further two logs from EIC ships in 1802-03 indicate
that astronomical and chronometric methods were introduced at about
this time, but they were not routine procedures.!'® Dead reckoning
continued after the introduction of the new method in every case.!?’

It appears from this cursory survey that earlier writers were correct to
suggest that the EIC was ahead of the Navy in adopting new methods
of navigation: take-up varied much more than in naval ships, indicating
that individual captains had some discretion. However, the majority of
ships appear not to have been using lunars before 1790, a generation
after the introduction of the Nautical Almanac. The earlier use of chro-
nometers in the EIC as compared with the Navy would also serve to
foreshorten the claimed ‘golden age of the lunar distance method’.

Conclusion

A consideration of texts, instruments and most particularly ships’ logs,
suggests that the Royal Navy did not use the lunar distance method
except on elite and specific voyages until the first decade of the nine-
teenth century at the earliest. In the East India Company, a brief study
suggests that only ships of exploration were using them until the
1790s, and then it was just as likely a chronometer would be preferred,
or neither. Therefore, the ‘Golden Age’ of the lunar distance method
did not start until the nineteenth century, after which lunar distances
were used tentatively and sporadically, often alongside chronometers,
and accompanied by dead reckoning. It is possible to say that whatever
frustrated this ‘Golden Age’, it was not the availability of instruments.
People must have bought sextants intending to use them, or perhaps
simply liked them because they were beautiful objects. Many latitude
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observations were taken, so it may well be that in the more well-re-
sourced ships the sextant did indeed replace the octant, and the linear
history of instruments will be vindicated.

The problem was not intrinsically the weather or the convenient posi-
tion of the Moon, although these must have had some bearing on long-
term take-up. Although it is a nuisance not to be able to take lunars
every day, even on clear calm days there was no evidence of attempts
to take them. The problem was not, certainly by 1800, an absence of
texts, although they were tellingly slow in coming. The problem was not
that chronometers were more reliable or accurate. In this period they
were not, as they were still considered objects of enquiry rather than
simply as tools. The problem has to involve the mathematics. This is not
beautiful maths that would appeal to a top mathematician; it is tedious,
complex, unintuitive and non-visual mathematics.

Although this chapter has questioned the writings of Howse in partic-
ular, he, paradoxically, exposed the reality of the situation to a consider-
able extent. He related that ships’ masters were supposed to get a certificate
from the Portsmouth Royal Naval Academy, the idea being that when
the ship docked there they took a course on the lunar distance method.
However, older masters were refusing to learn, and by 1771, four years after
the publication of the Nautical Almanac, only 14 had been instructed.!?!

Going back to Newton, Kollerstrom described the ‘anguished sense of
failure which haunted Newton over this endeavour’.'?? For so long the
mathematical elite had seen the Moon’s motion as the solution to one
of the most important problems of the day. Sadly, mathematics — ‘Man’s
finest creation for the investigation of nature’'?® — rather than deliv-
ering Barrow’s promise of ‘safe Traffick through the deceitful Billows’,124
proved to be the downfall of astronomical navigation in this period.

Notes

1. IsaacBarrow, The Usefulness of Mathematical Learning Explained and Demonstrated,
(London: Stephen Austen, 1734), p. xxviii-xxix.

2. Eric G. Forbes, ‘The Bicentenary of the Nautical Almanac (1767)’, British
Journal for the History of Science, 3 (1967), 393-94; Eric G. Forbes, The Birth
of Scientific Navigation: The Solving in the Eighteenth Century of the Problem of
Finding Longitude at Sea (London: National Maritime Museum, 1974).

3. On navigation as an art, see William Edward May, A History of Marine
Navigation (Henley-on-Thames: Foulis, 1973), p. xiii. An emphasis on science
is clear in J. E. D. Williams, From Sails to Satellites: The Origin and Development of
Navigational Science (Oxford: Oxford University Press, 1992), of which the first
chapter is entitled ‘Numerate navigators without science’, and D. H. Sadler,
Man is Not Lost (London: HMSO, 1968), p. 4.



10.
11.

12.
13.

14.

15.

16.

17.

18.

19.

Navigation and Mathematics 217

. Derek Howse ‘The Lunar-Distance Method of Measuring Longitude’ in The

Quest for Longitude, ed. by William J. H. Andrewes (Cambridge Mass: Harvard
Collection of Historical Scientific Instruments, 1996), pp. 149-65 (p. 159).

. Eugene Wigner, ‘The Unreasonable Effectiveness of Mathematics in the

Natural Sciences,” Communications in Pure and Applied Mathematics, 13 (1960),
1-14. Ivor Grattan Guiness, ‘Solving Wigner's Mystery: The Reasonable
(Though Perhaps Limited) Effectiveness of Mathematics in the Natural
Sciences’, Mathematical Intelligencer, 30 (2008), 7-17, challenges Wigner’s
assertion.

. Quoted in Alan Shapiro, ‘Experiment and Mathematics in Newton’s Theory

of Colour’ in Newton, ed. by I. Bernard Cohen and Robert Westfall (New York
and London: W. W. Norton and Co, 1995), pp. 191-202 (p. 193).

. Reproduced in Nicholas Kollerstrom, Newton's Forgotten Lunar Theory (Santa

Fe: Green Lion Press, 2000), p. 3.

. For example Keith Devlin, Life by the Numbers (New York: Wiley, 1998);

Donald M. Davis, The Nature and Power of Mathematics (Princeton: Princeton
University Press, 1993), introduction; H. L. Resnikoff and R. O. Wells junior,
Mathematics in Civilisation (New York: Dover Books, 1973), especially p. 5.

. Nathan Altshiler Court, Mathematics in Fun and Earnest (Dial Press, 1958),

pp- 96-107, reprinted in Is Mathematics Inevitable?, ed. by Underwood Dudley,
(Washington, DC: Mathematical Association of America, 2008), p. 38.

Ibid. p. 39.

For example, the King George III Collection of scientific instruments, which
represents mid-eighteenth century courses of natural philosophy, contains
items relating to isochronous pendulums and pyrometry, both resulting
from the pursuit of longitude; see A. Q. Morton and J. A Wess, Public and
Private Science: The King George III Collection (Oxford: Oxford University Press,
1993).

Williams, From Sails to Satellites, p. 1.

John Gascoigne, Science in the Service of Empire: Joseph Banks, the British
State and the Uses of Science in the Age of Revolution (Cambridge: Cambridge
University Press, 1998), p. 24.

Talk by Andrew Lambert, ‘Science and the Maritime Nation: 350 years of the
Royal Society and the Royal Navy’, National Maritime Museum, Greenwich, 1
October 2010.

John Keay, The Honourable Company: A History of the East India Company (New
York: Macmillan, 1991) p. 220.

Ramskrishna Mukherjee, The Rise and Fall of the East India Company: A
Sociological Appraisal (New York and London: Monthly Review Press, 1974),
p- 255; see also Andrew S. Cook, ‘Establishing the Sea-Routes to India and
China’, in The Worlds of the East India Company, ed. by H. V. Bowen, Margarette
Lincoln and Nigel Rigby (Woodbridge: Boydell, 2002), pp. 119-36.

Dava Sobel, Longitude: The True Story of a Lone Genius Who Solved the Greatest
Scientific Problem of His Time (New York: Walker, 1995); see in particular Derek
Howse, Nevil Maskelyne: The Seaman’s Astronomer (Cambridge: Cambridge
University Press, 1989).

J. A. Bennett, The Divided Circle: A History of Instruments for Astronomy,
Navigation and Surveying (Oxford: Phaidon/Christie’s, 1987) p. 130.

See, for example, David Philip Miller’s chapter in this volume.



218 Jane Wess

20.

21.

22.

23.

24.

25.
26.

27.
28.

29.
30.

31.
32.
33.
34.
35.

36.

37.

38.

39.

David S. Landes, ‘Finding the Point at Sea’, in The Quest for Longitude, ed. by
Andrewes, pp. 20-30 (p. 27): ‘two methods then; the horological and the
astronomical’.

Isaac Newton, A Treatise on the Method of Fluxions and Infinite Series, with its
application to the geometry of curved lines (London: 1737), p. iii.

Quoted in Kollerstrom, Newton’s Forgotten Lunar Theory, p. 18.

Quoted in Nick Kollerstrom and Bernard D. Yallop, ‘Flamsteed’s Lunar Data,
1692-1695, Sent to Newton’, Journal for the History of Astronomy, 26 (1995),
237-46 (p. 237).

Curtis Wilson, ‘Newton and Celestial Mechanics’, in The Cambridge Companion
to Newton, ed. by 1. Bernard Cohen and George E. Smith (Cambridge:
Cambridge University Press, 2002), pp. 202-26 (p. 211).

Kollerstrom and Yallop, ‘Flamsteed’s Lunar Data’, p. 238.

Richard Westfall, Never at Rest: A Biography of Isaac Newton (Cambridge:
Cambridge University Press, 1980), p. 541. However, The House of Commons
Journal, 17, 11 June 1714, cites Newton’s views 20 years later when he admitted
that the theory of the Moon’s motion was not sufficiently understood. See
also Derek Howse, Greenwich Time and the Longitude (London: Philip Wilson,
1997), p. 57.

Newton to Flamsteed, 6 Jan 1698/99, quoted in Kollerstrom, Newton'’s
Forgotten Lunar Theory, p. 129.

Quoted in Wilson, ‘Newton and Celestial Mechanics’, p. 210.

Westfall, Never at Rest, p. 548.

D.T. Whiteside ‘Newton’s Lunar Theory: From High Hope to Disenchantment’,
Vistas in Astronomy, 19 (1975), 317-28; Rob lliffe, Newton: A Very Short
Introduction (Oxford: Oxford University Press, 2007), p. 111.

Kollerstrom Newton’s Forgotten Lunar Theory, p. Xv.

Westfall, Never at Rest, pp. 544, 548 (footnote).

I. Bernard Cohen, Newton’s Theory of the Moon’s Motion (Folkstone: Dawson,
1975), p. 31.

Isaac. Newton, Philosophice naturalis principia mathematica Auctore Isaaco
Newtono, 3rd edition (London: Guil and Joh Innys, 1726), p. 464.

Isaac Newton, ‘Papers on Finding the Longitude at Sea’, Cambridge University
Library MS Add 3972, fol. 34"

James Bradley, ‘An Account of the New Discovered Motion of the Fixed
Stars’, Philosophical Transactions, 35 (1727), 637-60. The model with which
he demonstrated the principle in his lecture at the Ashmolean Museum as
Savilian Professor of Astronomy in 1729 is now the property of the Clarendon
Laboratory and resides in the Science Museum, London, 1876-1029.

John Russell, Sir Joseph Banks, engraved by ]. Collyer, London, 1789, National
Library of New Zealand, A-038-004. The Royal Astronomical Society has a lunar
globe by Russell, with an inscription by Nevil Maskelyne, Astronomer Royal
from 1765: ‘On John Russell, painter of the Moon. Actaeon and Endymion did
not see the Moon closely. Them alone we remember but where is Russell?’
Steven A. Wepster, Between Theory and Observations: Tobias Mayer’s Explorations
of Lunar Motion, 1751-1755 (New York and London: Springer, 2009), p. 29.
Tobias Mayer, Mathematischer Atlas, in welchem auf 60 Tabellen alle Theile der
Mathematic vorgestellet und [ ... | durch deutliche Beschreibung u. Figuren entworfen



40.

41.

42.

43.

44.
45.

46.

47.

48.

49.

50.

51.

52.

53.
54.

53.

56.

57.

58.

59.

60.

61.

62.

Navigation and Mathematics 219

werden (Augsburg: Johann Andreas Pfeffel, 1745); see also Details of the Lunar
Surface: Sketches Made 1748-1750 (Fleet Harcourt: Arcturas, 1995)

Nevil Maskelyne (ed.), Tables Requisite to be Used with the Nautical Ephemeris
for Finding the Latitude and Longitude at Sea (London: Commissioners of
Longitude, 1781).

Mary Croarken, ‘Tabulating the Heavens: Computing the Nautical Almanac
in 18th-Century England’, IEEE Aannals of the History of Computing, 25 (2003),
48-61.

E. G. R. Taylor, The Haven-Finding Art: A History of Navigation from Odysseus to
Captain Cook (London: Hollis and Carter, 1956), p. 263.

Howse, Greenwich Time, p. 71; see also Howse, ‘The Lunar-Distance Method’,
p. 155.

Howse, Nevil Maskelyne, p. 86

Nevil Maskelyne, The British Mariner’s Guide (London: Printed for the author,
1763), p. iv.

E. G. R. Taylor and M. W. Richey, The Geometrical Seaman: A Book of Early
Nautical Instruments (London: Hollis & Carter, 1962), p. 57.

Howse, Nevil Maskelyne, p. 94.

Ibid. p. 120.

Ibid. p. 94.

Thomas Haselden, The Description and Use of that Most Excellent Invention The
Mercator’s Chart (London: for the author, 1722), p. 4.

Benjamin Donn, The Description and Use of Donn’s Improved Navigation Scale
(London, ¢.1780).

Jane Wess ‘Avoiding Arithmetic, or the Material Culture of not Learning
Mathematics’, Journal of the British Society for the History of Mathematics, 27
(2012), 82-106.

Jean Randier, Marine Navigation Instruments (London: Murray, 1980), p. 124
William Puddicombe, The Mariner’s Instructor, being an Easy and Expeditious
Method whereby a Master may Teach the Art of Navigation in a Short Time
(London: R. Trewman, 1773), pp. 133-34.

Henry Wilson, Navigation New Modelled (London: 1777), p. vi.

Alexander Ewing, A Synopsis of Practical Mathematics (Edinburgh: William
Smellie and Co, 1771), p. 131.

Benjamin Martin, The Mariner’s Mirror; or, A new Treatise on Navigation
(London: Robert Sayer, 1782), Part II, Preface.

William Nicholson, The Navigator’s Assistant, containing the Theory and Practice
of Navigation (London: 1784), pp. viii-ix.

Samuel Dunn, The Lunar Method Shorten’d in Calculation and Improv’d.
(London: 1788).

W. E. May, ‘How the Chronometer Went to Sea’, Antiquarian Horology, 9
(1976), 638-63 (p. 644).

Andrew MacKay, The Description and Use of the Sliding Gunter in Navigation
(Aberdeen: Printed for the Author, 1802); Andrew MacKay, The Complete
Navigator; or, An Easy and Familiar Guide to the Theory and Practice of Navigation,
etc (London: 1804).

P. C. H. Clissold, ‘An Eighteenth Century Voyage’, Journal of the Institute of
Navigation, 9 (1956), 191-97 (p. 192).



220 Jane Wess

63.

64.
65.

66.

67.

68.

69.

70.

71.
72.
73.
74.

75.
76.

77.
78.

79.
80.

81.
82.
83.
84.

Howse, Greenwich Time, p. 71, see also Howse, ‘The Lunar-Distance Method’,
p- 155.

Science Museum, London, 1857-51.

The Gunter contains a number of standard lines that are on the plain side
(taken from a Donn scale): rhumbs, which are the eight compass points in a
right angle, chords, tangents, sines and a line to give the length of a degree
of longitude for various degrees of latitude. On the Gunter or logarithmic
side: sine of the rhumbs, a logarithmic line, sines, cosines and secants on the
same scale, versed sine, which is the complement of the cosine with respect
to one, tangents, the meridian line which is used with the Mercator chart,
a logarithmic line of square roots and a logarithmic line of numbers cubed.
Distances were taken off using dividers, and all problems were solved on the
basis of the proportional ‘rule of three’.

Gunter rule, by Benjamin Donn, ¢.1775, Science Museum, London, 1976-493;
Donn, Description and Use.

William Mountaine, A Description of the Lines Drawn on a Gunter scale (London:
for Messrs Nairne and Blunt, 1778).

Willem F J. Morzer Bruyns, Sextants at Greenwich (Oxford: Oxford University
Press, 2009); see also Willem FE. J. Morzer Bruyns, ‘Navigational instruments
in the collection of the Science Museum, London: A report’, Bulletin of the
Scientific Instrument Society, 108 (2011), 34-43.

Harriet Wynter and Anthony Turner, Scientific Instruments (London: Studio
Vista,1975) p. 81; William J. H. Andrewes, ‘Introduction’, in The Quest for
Longitude, ed. by Andrewes, pp. 1-9 (p. 5).

Gerard L'E. Turner, Nineteenth Century Scientific Instruments (London: Sotheby’s
Publication, 1983), p. 265.

Morzer Bruyns, Sextants at Greenwich, p. 38.

May, A History of Marine Navigation, pp. 160-61.

Bennett, The Divided Circle, p. 137.

J. B. Hewson, History of the Practice of Navigation (Glasgow: Brown Son &
Ferguson, 1951), p. 84.

Wynter and Turner, Scientific Instruments, p. 78.

Allan Chapman, Dividing the Circle: The Development of Critical Angular
Measurement in Astronomy 1500-1850 (Chichester: John Wiley & Sons, 1995),
p- 81.

Ibid. p. 130.

Alan Stimson, ‘Influence of the Royal Observatory on Marine Measuring
Instruments’, Vistas in Astronomy, 20 (1976), 123-30 (p. 130).

May, ‘How the Chronometer Went to Sea’.

Captains’ logs, ADM 51, and Masters’ logs, ADM 52, The National Archives
(hereafter TNA); ‘A Collection of Charts by Alexander Dalrymple, Chiefly of
the Indian Ocean and East Indies’, 1769-97, and the range of logs for the East
India Company from the India Office library, now British Library (hereafter
BL) L/MAR/B.

May, A History of Marine Navigation, pp. 33-34.

TNA ADM 51.

TNA ADM 52.

‘Voyages of exploration’ is the title of TNA ADM 55.



83.

86.

87.
88.

89.
90.

91.
92.
93.
94.
9s.
96.
97.
98.
99.
100.
101.
102.

103.
104.

105.

106.

107.

108.

109.
110.

Navigation and Mathematics 221

Lieutenant Paul Puget, log of the Chatham, TNA ADM 55/17, p. 4. See also a
copy of Puget’s journal, National Maritime Museum, Greenwich (hereafter
NMM) FIS/1 <http://cudl.lib.cam.ac.uk/view/MS-FIS-00001> [accessed 10
April 2015].

Anita McConnell, Jesse Ramsden (1735-1800): London’s Leading Scientific
Instrument Maker (Aldershot: Ashgate, 2007) pp. 146-47. The Discovery was
the subject of a study by N. W. Emmott: ‘Captain Vancouver and the Lunar
Distance’, Journal of the History of Navigation, 27 (1974), 141-45. See George
Vancouver, A Voyage of Discovery to the North Pacific Ocean and Round the
World 1791-1795, ed. by W. Kaye Lamb (London: Hakluyt Society, 1984).
Log of the King George, TNA ADM 55/84, p. 28.

For example May, ‘How the Chronometer Went to Sea’, p. 641. Several
memoirs are bound together in the BL under Alexander Dalrymple, Nautical
Memoirs, 3 vols (London: W. Faden, 1787). Dalrymple was Hydrographer to
the EIC and later to the Admiralty.

‘Nautical tracts’, BL g 2198 (13).

John McCluer, Description of the Coast of India, (London: George Bigg, 1789),
p- 1.

Alexander Dalrymple, Memoirs of A Chart from Mozambique to India, in
Nautical Memoirs, 1.

Ibid. p. 6.

Miller’s chapter in this volume looks at some of these navigators.
Dalrymple, Memoirs of a Chart from Mozambique to India, p. 41.

Alexander Dalrymple, An Account of the Passage of the ship ‘Atlas’ Cat Allen
Cooper, to the Eastwards of Banka, 1785 (London: George Bigg, 1789), p. iv.
Alexander Dalrymple, Memoirs of the Chart of the Straights of Sunda and Banka
(London: George Bigg, 1787).

Ibid. p. 10.

McCluer, Coast of India, pp. iii, v (footnote).

John McCluer, Continuation of the Description of the Coast of Malabar (London:
George Bigg, 1791), p. 2.

McCluer, Coast of Malabar, pp. 14, 16.

Alexander Dalrymple, Account of the Passage of the Warren Hastings, Capt
John Pascal Larkins, by the Mackesfield Straight of East Banka, 1788 (London:
George Bigg, 1789).

James Horsburgh, Observations on the Navigation of the Eastern Seas, published
by Alexander Dalrymple (London: W. Bennett, 1797).

Ibid. pp. 7-13.

Alexander Dalrymple, Memoir of a Chart from Cape Mons to Acheen (London:
George Bigg, 1795), p. 18.

Alexander Dalrymple, General Collection of Nautical Publications (London: G.
Bigg, 1783), p. 7.

Andrew S. Cook, ‘Alexander Dalrymple and John Arnold: Chronometers
and the Representation of Longitude on East India Company Charts’, Vistas
in Astronomy, 28 (1985), 189-95.

Cook ‘Establishing the Sea-Routes’, p. 132.

BL L/MAR/B.

Richard Neve, log of the Lively, BL L/MAR/B/534A.

Log of the Tartar, BL L/MAR/B/539A.



222

111.

112.
113.
114.
115.
116.
117.
118.
119.

120.

121.

122.

123.

124.

Jane Wess

Log of the Hawke, BL L/MAR/B/390-1. Dalrymple mentioned the Hawke in
Memoirs of the Chart of the Straights of Sunda and Banka, pp. 27-29.

Log of the Queen, BL L/MAR/B/356G and 356H.

Log of the Royal Admiral, BL L/MAR/B/338.

Log of the Swallow, BL L/MAR/B/385FE.

Log of the Taunton Castle, BL L/MAR/B/107A.

Log of the Ocean, BL L/MAR/B/222B.

Log of the Isabella, BL L/MAR/B/60B.

Log of the Castle Edin, BL L/IMAR/B/296 A and B.

Lt Robert Scott, navigation workbook kept on the David Scott, 1802-03,
NMM NVP/8; Captain Archibald Hamilton, accounts and longitude calcu-
lations on the Bombay Castle, 1802, NMM HMN/29 <http://cudl.lib.cam.
ac.uk/view/MS-HMN-00029/1> [accessed 10 April 2015]; Captain Archibald
Hamilton, navigational daily work and calculations on the Bombay Castle,
NMM HMN/31 <http://cudl.lib.cam.ac.uk/view/MS-HMN-00031/1>
[accessed 10 April 2015].

Cook ‘Establishing the Sea-Routes’, p. 132, makes it clear that chronometers
were unreliable.

Howse, Nevil Maskelyne, p. 121. Harry Dickinson, Educating the Royal
Navy: Eighteenth and Nineteenth Century Education and Training for Officers
(Abingdon: Routledge, 2007), suggests a culture of resistance to experts
and land-based training arising from the established system of on-board
training and patronage. However, this would not explain the absence of
lunar distance in textbooks.

Nicholas Kollerstrom, ‘Newton’s 1702 Lunar Theory’ <http://www.dioi.org/
kn/longitud.htm> [accessed 10 April 2015].

Morris Kline, Mathematics and the Physical World (Mineola NY: Dover
Publications Inc., 1959), p. vii.

Isaac Barrow, The Usefulness of Mathematical Learning Explained and
Demonstrated, (London: Stephen Austen, 1734), pp. xxviii-ix.



12

Longitude Networks on Land and
Sea: The East India Company and
Longitude Measurement ‘in the
Wild’, 1770-1840

David Philip Miller

McCluer had a lot of trouble with the box chronometer [...]
until [he] found that by holding the key still and turning the
chronometer around it he could keep it going, and when he
adopted this trick it subsequently kept much better time

W. E. May, drawing on John McCluer, 1806!

More in fact is to be gained in Hydrography [...] by establishing
the true place and bearing of a few fixed Observatories on terra
firma, simply as starting points, than from a thousand uncon-
nected or disputed points of departure [...] they constitute,
in fine, a sort of half-way house between the earth and the
heavens, to which any phenomena may be referred

Thomas B. Jervis, 18402

The story of John Harrison and his marine timekeepers, engagingly
told by Dava Sobel, has promulgated the misleading notion that
accurate clocks solved the problem of determining longitude at sea.?
Neither Harrison’s timekeepers nor the cheaper, more seaworthy,
chronometers of Arnold and Earnshaw immediately transformed the
longitude problem, partly because there were alternative, well-sup-
ported methods, notably that employing lunar distances, promoted
by Nevil Maskelyne, Astronomer Royal, the villain of Sobel’s piece.*
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However, to advocate either of these ‘solutions’ misses the central
point that I want to make — that we need to understand the longitude
problem, and its solution, in a broader sense. Neither technological
determinism identifying an instrument as the solution, nor singular
method determinism, captures how longitude was established in
practice.’ Its solution could be universalized in theory but individual
determinations of longitude at sea were contingent acts reliant upon
hardware (instruments, ships), software (methods, procedures, logs,
charts, tables, outputs of land-based observatories), and wetware (the
embodied skills, abilities, judgments and goals, of sailors, officers,
hydrographers and their masters).

We are accustomed to a tidy view of navigation and survey from
the centre. An alternative takes the perspective of the practitioner ‘in
the field, or rather on board ship, working with his eyes and hands to
make a record of the voyage’.® But the views from the centre and the
field ‘are not mutually exclusive, and it is important to consider the
ways in which they formed part of a network through which images
made on the spot were transformed into authoritative knowledge’.” In
the determination of longitude, the networks linking the navigator in
the field with the centre need to be delineated if the diverse processes
constituting knowledge about longitude are to be properly understood.
Besides this macroscopic aspect, there is also a micro-dimension: the
mutual dependencies of different instruments, inscriptions and skills in
on-the-spot, goal-directed determinations of longitude. Edwin Hutchins
has depicted this compellingly in his study of modern navigational
cognition ‘in the wild”:

In attempting to understand the history of navigation from a cogni-
tive perspective, it is important to consider the whole suite of instru-
ments that are used together in doing the task. The tools of navigation
share with one another a rich network of mutual computational and
representational dependencies.?

To illustrate the nature of these longitude networks I discuss the longi-
tude determination practices of East India Company ships in the late
eighteenth and early nineteenth centuries. This focus allows depiction
of the interdependent hardware, software and wetware involved in
those practices. It also allows us, because of the varying objectives of
Company voyages, to examine how longitude solutions and networks
varied with purpose and circumstance.
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East India Company voyages and their evolving longitude
networks

Hardware

East India Company ships (Fast Indiamen) in the late eighteenth
century were early adopters of the use of chronometers in longitude
determination. The Company was a ‘front-row spectator of the longi-
tude experiments of the eighteenth century’.” We know this because of
records and survivals of the instruments used, the claims of their makers
and the evidence of ships’ logs. The inclusion, in 1791, of a column
in the logbooks used by East Indiamen for longitude by chronometer
seems a significant moment in the story of longitude determination in
practice.!?

In the late eighteenth and early nineteenth centuries, the heyday of its
merchant fleet, the Company operated more than 70 ships, some built
and owned by the Company, most hired from private owners. However,
the Company carefully regulated the specifications of ships, the rates
paid for freight, and the appointment of commanders, officers and crew.
The provision of supplies and equipment, including chronometers, was
similarly controlled.!!

Arnott identifies about 100 numbered chronometers carried on East
Indiamen between 1800 and 1833.!2 Of these, the Company owned
about half, the hired officers the rest. Given that the standard logs
that all Company ships had to fill included a column for longitude by
chronometer from the early 1790s, there were probably enough chro-
nometers for all ships to carry at least one. Arnott finds examples of
multiple chronometers being carried on one ship, some belonging to
the Company, some to the officers. The point is reinforced by evidence
that Company chronometers were occasionally lent to Royal Navy
captains, a generosity belying a chronometer shortage. Chronometers
were first carried on East Indiamen in the 1770s and 1780s, though, as
May showed by examining the logs of ships with timekeepers aboard,
they were not always used.!* When they were, understandably it was at
first experimentally and with caution, but with growing confidence.

Using a chronometer was not a simple matter of reading the time.
Chronometer-centric histories of navigation neglect other aspects of the
hardware crucial to chronometric longitude determination. The latter
involved the comparison of local time with the reference time carried by
the chronometer. The usual method of determining local time depended
on measuring solar altitudes, so the hardware of octant and sextant is a
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standard facet of our longitude network. Chronometric and astronomical
methods interacted and were complementary in other ways. Various time-
keepers aided the ‘double altitude’ method for finding local time and lati-
tude and were used to time intervals between longitude determinations by
lunar distance, so that a number of results could be averaged and greater
accuracy ensured.!* Measuring altitudes by octant or sextant requires, of
course, that the position of the horizon be determined, which is difficult
on a pitching ship, or in poor atmospheric or meteorological conditions.
The taking of solar altitudes on terra firma was thus important, as was the
use of another piece of hardware — the artificial horizon. In certain condi-
tions and situations, the artificial horizon was an indispensable aid to the
observations needed to get full benefit from a chronometer.!> We begin to
see in these interdependencies something of navigation in the wild.

Other hardware was required for lunar distances. Although the lunar
distance method of longitude determination is often discussed as an
alternative to determination by chronometer, in practice (certainly in
the period dealt with here) the methods were often used in conjunc-
tion. While ‘lunars’ could be taken at sea routinely when weather and
the position of the Moon allowed, the opportunity during a voyage to
set up the rudiments of an observatory on land enabled more accurate
lunar measurements which, after a fairly complex process of calculation
involving the mathematical skills of the ‘wetware’ and the use of soft-
ware in the form of tables, provided a check on the determinations of
longitude being made by chronometer in conjunction with local time
measurement. Where more than one chronometer was carried, lunar
distance observations could be used to determine the timekeepers’ accu-
racy, and hence reliability. The constancy of the rate of a chronometer
(or otherwise) could be checked whenever a ship spent several days in a
harbour of known latitude and longitude.!®

We will see that although chronometers and lunars could be used in
conjunction, there is some doubt about the extent to which they were so
used during regular voyages of East Indiamen (as opposed to surveying
voyages) in the late eighteenth century. More generally, the use of
chronometers to determine longitude was a practice hedged about by
contingent judgments. These concerned the condition of chronometers
themselves, the success (or otherwise) with which they had been cared
for at sea, the constancy of their rates, the reliability of other longitude
measures, determinations of local time and, crucially, how much time
and effort it was worth investing in potentially superfluous precision.!”

The hardware of temporary land-based observatories could also be
used to deploy methods that were impracticable at sea, notably the
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measurement of eclipses and transits. These could offer more accurate
longitude determinations. Similar services were provided by the hard-
ware of permanent observatories. Chronometers were usually calibrated
and adjusted in London, but there were moves in the very late eight-
eenth and early nineteenth century to establish Indian observatories to
perform these tasks. Much depended on contrasting views about the
advisability of moving chronometers once installed on board ship.
Observatory time signals to ships in harbour (by flash of a gun or drop
of a time-ball), or ‘running’ time by watch between observatory and
shipboard chronometer, provided an alternative check of chronometers
left in situ.!8

Ships themselves were part of the hardware of longitude determina-
tion.!? As Sorrenson puts it: ‘On a map, the ship’s track is a representa-
tion of the probing course of the instrument through the sea, whereas
the coastal outlines are the mark of that instrument’s interaction with
the coasts under investigation’.2® More prosaically, the ship, together
with log lines and compasses, was also involved in the time-honoured
practice of determining longitude ‘by account’, that is by dead reck-
oning. In the mid-eighteenth century, in light of Harrison'’s timekeeping
ambitions, some were unimpressed and felt that established precepts
in the use of latitude, log, lead and lookout were sufficient to find a
ship’s position accurately enough. Such practices retained a central place
even after astronomical and chronometric methods became estab-
lished.?! The practice of dead reckoning was itself replete with tacit and
contingent aspects. For example, the use of reduced knot spacing on
the log line ensured ‘that speed and distance run was overestimated,
and the vessel prudently kept behind her dead-reckoning position’.??
Conservative practices compensated for large margins of error. When
currents were understood, dead reckoning could be relied upon to an
extent in everyday navigation, for example in latitude sailing. Where
currents were not understood, the determination of longitude by chro-
nometer and comparison with the figure from dead reckoning could
indicate current direction and strength. The chronometer was thus vari-
ously the means and object of inquiry.

As already noted, through this period ships would often use chro-
nometers, lunar distances and dead reckoning as checks upon each
other. The evidence of textbooks on navigation suggests some reluc-
tance to trust timekeepers until surprisingly late. Andrew Mackay’s text
of 1807, for example, advised against relying on them too much, and
considered that lunars would remain the most trusted method: ‘The
same degree of confidence cannot be placed in time-keepers, as their
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rate of going is so liable to be altered from the least accidental injury’.?
However, Mackay endorsed using chronometers to enable multiple
lunar distances to be taken which could then be averaged to obtain a
more accurate result.

Within the larger narrative of chronometric measurement as bringing
greater precision to navigation, we should not underestimate the ‘unru-
liness’ of technology in use.2* As Scott argues, navigators were ‘accus-
tomed to coping with imprecision at sea’. Even at the end of our period,
there were still poorly charted areas, information on tides and ocean
currents was limited, the magnetic compass posed many difficulties and
astro-navigation remained a demanding art. Mariners evolved ‘wrinkles’
in their practices, as Scott terms them, to cope with these problems.?
The chronometer was no exception, as the image of Lieutenant McCluer
turning a box chronometer around a stationary key reminds us (see initial
epigram). The trend, however, was obviously towards greater trust in
the chronometric method. By the 1840s, chronometers were ubiquitous,
generally considered more reliable, more easily checkable and hence
more relied upon. But some navigators were, nevertheless, concerned
that increased confidence in them was creating a dangerous situation.
Commander William Walker, R.N., pointed to a larger problem - the
decline of old, but still necessary, skills:

The general use of chronometers, the correctness of our logarithmic
tables for practical astronomical purposes; the accuracy of our astro-
nomical and mathematical instruments used for naval purposes,
have left us little to desire for all the purposes of practical navigation,
so long as the state of the weather will allow us to make astronomical
observations [...] the necessary care and attention, under ordinary
circumstances, to the helm, log, lead and lookout have been sadly
neglected by the majority of seamen [...] worse dead reckonings are
now kept than were ever kept before.2¢

Therefore, as chronometers became ever more reliable, appearing
‘wrinkle free’, they still could not stand alone in longitude determi-
nation, and previous generations of techniques, and skills, had to be
maintained to cover all contingencies and situations. Walker was not
alone in this view. In 1840, Henry Raper advocated the possession of
chronometers by ‘every vessel beyond a mere coaster’, but warned that
‘too firm a reliance on such an instrument would lead to the dangerous
error of relaxing that vigilance which the known uncertainty of the dead
reckoning keeps perpetually alive’.?’
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We conclude that the chronometer was just part of a battery of hard-
ware and techniques used in a complex of mutually interdependent
practices that were themselves contingent upon purpose, location and
conditions. It is also important to note that, while I am making an
analytical distinction between hardware, software and wetware, at all
points these were operating together as skills, transcriptions and instru-
ments conjoined to produce measurements.

Software

The software involved in longitude determinations by East Indiamen
consisted of inscriptions of many sorts: those made by navigators during
their voyages; the ships’ logs that were kept and then accumulated back
in London; the charts constructed in London and other centres and
then carried by the commanders of subsequent voyages; the Nautical
Almanac, which, from its first publication in 1767, provided informa-
tion needed for the lunar and other methods; and the outputs of other
observatories.

The information provided by charts was vital. Accurate determination
of longitude at sea is worth little if the chart depicting the location of
coastlines, islands and shoals is deficient. Improvements of longitude
determination at sea were thus only of value if they moved in step with
the determinations of longitude on, and of, land that were carried at sea
in the form of charts. Even with those improvements, a wise captain
would still deploy lookout, lead and other indicators such as birdlife
and the colour of the sea when he considered his ship was approaching
land or shallows.

This software was contained and produced by institutionalized
practices of navigation and hydrography. From 1779 a key institution
through which much of the software passed, and where it was combined
and consolidated, was the office of the Hydrographer to the East India
Company.?® Two men, Alexander Dalrymple (1737-1808) and James
Horsburgh (1762-1836) held that office during our period, and apart
from their work through the Hydrographic Office, they published a good
deal about East India voyages, routes and navigation, further increasing
the software available.

The numerous charts produced by these hydrographers drew upon
the accumulated navigational experience of East Indiamen and upon
the more sustained work of maritime surveyors. Such charts obviously
gave officers greater confidence in their knowledge of the lie of the sea
and the land. They clearly also made it increasingly possible to trust that
determinations of position at sea would enable accurate, timely voyages
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that took advantage of favourable conditions and avoided unfavourable
ones.

When Dalrymple began making charts for the Company in the early
1770s, the practice of determining longitude for navigational purposes
often diverged from that ideally required for chart-making. To remedy
this, Dalrymple not only championed the use of chronometers, espe-
cially those made by his friend and associate John Arnold, but also
sought to shape the routine practices of the navigators. From 1779, he
issued leaflets on the use of chronometers and forms for chronometric
and other observations, trying to harness the regular, routine voyages of
Company ships to accurate chart-making. The software issued in accord
with the chart-maker’s goals shaped the hardware, and how it was
used.? Importantly, however, ‘scientific’ charts were not always what
officers of East Indiamen wanted. Private producers of so-called ‘blue-
backs’ dominated the chart trade. Some features of bluebacks that made
them technically less perfect, such as heavily engraved coastlines and
over-scale renditions of important hazards, in fact catered to the needs
of users. So did their robustness and compactness.>®

Other crucial pieces of software were the determinations of their
longitude by local Indian observatories (local meridians), sets of ‘corre-
sponding observations’ undertaken by them, for example of eclipses of
Jupiter’s satellites, and, to an extent, charts produced by them. The accu-
rate determination of a local meridian and observations made at it, thus
contributed to longitude determination for Company ships, especially
those engaged in surveying the Indian coast and exploring and trading
in the seas beyond India. On the strength of accurate knowledge of their
own position, such observatories could also more reliably check the
rating of chronometers than commanders of ships could. I discuss these
important nodes in the networks of longitude determination under
‘software’ since that was their output, but I could equally have discussed
them under ‘hardware’. The distinction is heuristic not real.

The earliest and most successful of these observatories originated
in the Madras Government’s urgent desire in the 1780s to survey the
Coromandel Coast because of the numerous ships being lost on its
shores.?! In 1787, a marine officer, Michael Topping, ran a 300-mile set
of triangles from Madras to Palk Strait (between southeast India and
modern day Sri Lanka).3? He knew that the longitude determinations
made by astronomical means during the survey had little value unless
comparable with corresponding observations made at stations of known
longitude. William Petrie, a member of the Madras Council and keen
amateur astronomer, lent his private observatory to assist with Topping’s
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survey. The astronomer in Petrie’s observatory, John Goldingham,
undertook observations of Jupiter’s satellites at Madras corresponding
with Topping’s field observations.

In 1789, Petrie offered his instruments to the Madras Government.
Topping was placed in charge of the planned observatory and a site
was purchased. In 1791, the instruments were installed there, including
timekeepers sent by the Court of Directors. The navigational focus was
clear as Topping concentrated on ‘correspondent astronomical observa-
tions, as the only sure and practicable method of finding the relative
position of distant transmarine situations’. He hoped ‘by the help of
these observations, and the use of Chronometers’, to accurately chart
the eastern seas.3®* Topping’s successor, John Goldingham, continued
observations of the eclipses of Jupiter’s satellites, developing sophisti-
cated methods for weighting different kinds of longitude observations
to construct an ‘accurate’ figure.3* Such weighting of observations from
different sources was something that was also done in simpler, often
informal, ways, by navigators and chart-makers.3’

In February 1805, John Warren became acting astronomer at Madras.
He continued Goldingham'’s observations and further emphasized the
Observatory’s navigational support role by promoting its services for
rating chronometers. He insisted that chronometers could, without detri-
ment, be carried from ship to observatory to have their rates checked
with a rigour impossible on board ship. Warren conducted experiments
supporting this contention and the proposed role for the observatory.3¢

As of 1811, two Brahmin assistants at Madras Observatory made daily
observations of the Sun’s transit at noon, regular observations of the
eclipses of Jupiter’s satellites and transits of a number of fixed stars
with a view to regulating the astronomical clock. In addition, Warren
advised, they ‘make out the rate of the numerous time-keepers which
are sent to the Observatory by Captains of ships’.3” Warren claimed
that Commanders of East Indiamen had taken up this service from the
earliest days of the Madras Observatory.®® He had enjoyed less success
among Royal Navy captains who, like Whidbey and Owen, considered
any disturbance of the chronometer likely to derange it.

Madras Observatory became a key institution for navigation, for
coastal surveys, and for what became the Great Trigonometrical
Survey of India, the original baseline of which was referenced to the
Observatory’s longitude. Smaller observatories were also established
at Bombay and Calcutta, which likewise engaged in observations and
time measurements supportive of navigation.®® The practical focus of
Company-supported observatories is sometimes lamented as a colonialist
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devaluation of astronomical science proper in India. A positive valu-
ation of navigational and geographical practice must needs celebrate
rather than lament that focus. The observatories, especially Madras,
were important to longitude determination on land and sea. Routine
navigation and scientific survey became dependent upon them, their
determined position and their observations.*

Wetware

To understand the navigational practices of East Indiamen we need
to inquire into the skills of the commanders and other officers and
their acquisition. This task is difficult and a comprehensive treatment
is beyond the scope of this chapter.*! However, I will offer some new
evidence in relation to the use of chronometric and lunar distance
methods by Company officers.

We know the identities of commanders and other officers of East
Indiamen and have records of their experience at sea.*? In the later eight-
eenth century, such commands were lucrative and prestigious.** They
were open to purchase and commands could pass to relatively inexpe-
rienced individuals. However, there were also dynasties (like the Larkins
and the Wordsworths) that combined wealth with extensive experience
and expertise. Their scions often went to sea as midshipmen at an early
age. Developments in the internal arrangements of the Company in the
late eighteenth century opened commands somewhat to able chief mates,
whose progress had previously been difficult.** The degree to which
these officers were educated in navigation at institutions designed for the
purpose, including the Royal Mathematical School at Christ’s Hospital,
is an important question.*> For most, the Company’s elaborate system of
qualification for officers ensured a fairly rigorous training, though that
was provided through a complex network of teachers and examiners,
and through training aboard ship, rather than by a single institution.

Surviving records of the Company’s Committee of Shipping provide
some details. That Committee required the proposed commander
and mates (chief, second, third and fourth) for all voyages to appear
before it and provide certain information. First there was evidence of
age (referred to as ‘Age Certificates’), usually attestations by curates
regarding baptism. Second, there was evidence of experience of voyages
undertaken and years at sea.* Third, and of most interest here, was the
requirement for evidence of specific navigational competencies. On 7
October 1768, the Court of Directors resolved that all candidates for
officer and mate on East Indiamen must produce a certificate stating
that they were qualified in determining longitude by lunar observations.



Longitude Networks on Land and Sea 233

This certificate was required before they were examined for the posi-
tion of mate.*” In consequence, in the early records examined (from
1771) each entry for first to fourth mate bears an annotation of the form
‘X’s Certificate Produced’.*® After 1787, the procedure was modified and
each entry was marked ‘A No. xx’ and ‘L No. xx’, indicating the number
of the Age [A] Certificate and the Longitude [L] Certificate for that indi-
vidual. Clearly, the Company was by then keeping a central register of
certificates. Unfortunately, the only Longitude Certificates surviving in
the archive date from 1820 onwards. Therefore, from 1787 until 1820
we lack the names of the certifiers. It is clear, however, that throughout
our period the Company had a working system.

The designation ‘Longitude Certificates’ indicates that quickly after
the Court’s order of 1768, the Company paid regular attention to compe-
tence in longitude determination. The precise form of early certificates
is unclear. The post-1820 certificates are printed forms, with the candi-
date’s name entered and the signature of the examiner attesting to quali-
fication in ‘the Lunar method of finding the Longitude at Sea’, ‘working
the Time for correction of Chronometers’, and ‘measuring Angular
Distances, taking Altitudes with an Artificial Horizon, and working
them’.* We can presume that early certificates would not have dealt
with working the time for correction of chronometers, but exactly when
that requirement was added is unknown. Perhaps it was added when
the new logbook requiring an entry for longitude by chronometer was
introduced in the early 1790s.

The Committee’s records, at least up to 1787, give other important
information, notably the identities of certifiers. It is clear that the
Company relied upon a relatively small group of teachers of math-
ematics and navigation. A number, and those relied on most heavily,
were successive Masters of the Royal Mathematical School at Christ’s
Hospital. Also active were teachers from the Royal Naval Academy at
Portsmouth. But proprietors of private academies also served as certi-
fiers, the most prominent during our period being Robert Bishop, the
most frequent certifier through much of the 1770s. Bishop had worked
for Maskelyne in the early days of the Nautical Almanac, and developed
forms to assist in the computation of longitude by lunars using the
Almanac. He had been appointed by the Board of Longitude to instruct
masters of HM ships in the use of the Almanac and quadrant, and to
issue certificates of competence. It seems likely that Company practice
mimicked these early efforts in the Navy. We know that Bishop had
a close relationship with the Company because he used journals from
their voyages to compile his East India Navigator’s Daily Assistant.>°
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Samuel Dunn, the next most prominent certifier, had also previously
been nominated as an instructor and examiner for masters of HM ships.
As already noted, however, the Company’s certification system seems
to have been more consistently applied than the Navy’s, which faced
significant resistance.>!

Many of the certifiers published texts on navigation, and often
supplied instruments. Officers of East Indiamen, and those aspiring to
be such, would have been important customers. Notable texts included
John Robertson’s Elements of Navigation (1754), which reached its
seventh, and last, edition in 1805. The fourth edition (1786) was revised
by William Wales, another certifier. Elements was written for young
students but no doubt mature seamen also used it, though some consid-
ered it too theoretical. John Hamilton Moore’s Practical Navigator (1772)
was intended to be more accessible, having ‘arranged, digested, simpli-
fied and rendered navigation attainable to the most common capacity’.
The work went through 20 editions to 1828.52 Of particular interest
is the mock examination that Moore included, since it indicates the
range of knowledge and technique, besides determination of latitude
and longitude, expected of the budding seaman. Although competence
in longitude determination was separately certified, other aspects of
seamanship were evidently tested by oral examination at the Committee
of Shipping.*® Another source, already mentioned, bearing on the issue
of the education of officers are the publications Dalrymple produced
to instruct them in the conduct of navigational measurements.>* It is
obviously hard to gauge the extent to which education and instruction
gained in these ways was used, or to determine precisely how. But such
sources suggest a range of expectations.

It is perhaps odd, given this tradition of education and certification,
that in the late eighteenth and early nineteenth centuries there was
concern about neglect of the lunar method. Jane Wess’s chapter in this
book questions the common assumption that East Indiamen in the late
eighteenth century employed chronometric and lunar distance methods
of longitude determination. She argues that the lunar distance method
was rarely used in regular navigation because of the extensive and ‘ugly’
mathematical calculations it involved. In that sense, the relative neglect
of lunars may reflect the mathematical capacities (and time budgets) of
our ‘wetware’.

Serious concerns about the use of the lunar distance method on East
Indiamen are evident from the Court of Directors’ instruction of 24
January 1804 concerning the requisite qualifications of Commanders
and Mates of ships, which stated:
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That such of the officers as have not been already instructed in the
method of finding the longitude of a ship at sea, by lunar observations,
do immediately perfect themselves under Mr Lawrence Gwynne, at
Christ’s Hospital, previous to their attending the Committee to be
examined for their respective stations; and that they do produce to
the Committee a certificate from that gentleman of their being quali-
fied in the method.>

Why might there be a significant lack of facility in the lunar method
among Company officers? Perhaps the method was too involved to
be readily taught through the normal processes of apprenticeship or
learned through private study. Perhaps it did require formal instruction
of the sort that officers were encouraged to obtain from Mr Gwynne.
It appears, however, that such instruction had been regularly taken
for some years under a variety of teachers and certifiers, so any lack of
facility is puzzling. The other possibility is that officers did not find the
method useful or managed without it.

Another set of instructions to Commanders issued in 1810 referred
repeatedly to lunars. First, Commanders were advised, as before,
that officers deficient in the technique should see Gwynne. Second,
Commanders and their officers were ordered to ‘embrace every favour-
able opportunity [...] to take lunar observations’. It was insisted also that
‘Your own, Chief and Second Mate’s journals, are to be kept in the fullest
and most explicit manner, and not, as is too often the case, a diary only
of courses, winds and weather’. Finally, the point was rammed home:

Such charts as you may receive from this House are to be returned, at
the end of the voyage, with your journals; and the graduated charts
for the ship’s tract, with variations, longitude by observation and
chronometer, you are particularly directed to render as complete
as possible; and you are strictly to enjoin your senior officers and
encourage your junior officers, at all times when practicable, to use
the lunar observations, to observe the variation of the compass by
azimuths and amplitudes, finding the latitude by double altitudes,
and every other branch of navigation.>¢

The need to promulgate these instructions suggests that by this time
the officers of East Indiamen preferred to use some combination of the
oldest and the newest methods of longitude determination — dead reck-
oning by compass and log on the one hand, chronometric determina-
tion on the other. The enthusiasm for chronometers may have caused
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the apparent neglect of lunars, with officers judging that they could
navigate safely without much attention to them. The Court of Directors,
perhaps influenced by the Hydrographer, took a different view. Perhaps
they were concerned that too much trust was being placed in chro-
nometers.%’ It is also possible that the Hydrographer’s charting activity
was the impetus. Even if the lack of lunars as a check on chronometric
measurements did not worry the practical voyager too much (we will
see below that the use of any method other than dead reckoning was
necessary only at key points in a voyage), it would have serious conse-
quences for the Hydrographer’s use of the information gathered to
produce charts. Perhaps the ‘neglect’ of lunars was a construct gener-
ated by divergence between interests within the Company.

Longitude networks, contingency and the navigational
practices of East Indiamen

Bringing together hardware, software and wetware on Company
ships occurred within a framework of varied purposes. One of the
most obvious was the safe and timely conveyance of a valuable ship,
crew and cargo. Chronometer use during such voyages was complex.
It was not a matter of simply reading the time off the chronometer,
determining local time and hence deriving the longitude. More than
one chronometer was usually involved (though depending on knowl-
edge of their condition and rate, the decision might be made not
to rely upon them at all), as was careful judgement, combined with
information about longitude from other sources and hence about the
rates of the chronometers. When the decision was made to trust a
particular chronometer, it might be relied upon implicitly for moni-
toring longitude over relatively short distances. Generally speaking,
however, chronometer reliability declined with the length of the
voyage because of accumulated errors and so lunar distances, less
precise but more constant, might be relied upon more in the later
stages of a voyage.>®

The extent of reliance upon longitude determination by chronom-
eter would have differed in the case of ships whose purpose was to
explore and chart new routes. We should also be open to the possibility
of variation in practice according to the route in question: the use
of longitude determination by chronometer in the charting of varia-
tions to routes between British and Indian ports might differ from the
charting of routes in explorations further east launched from those
Indian ports.
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Getting to India (or not)

There were a number of passages to India from the Cape of Good Hope.
The Inner Passage, through the Mozambique Channel, offered the
shortest route, but was dangerous because of the variable winds and
strong adverse current. The Winterton was wrecked in 1792 in these
waters. When the Commander estimated that his ship was 80 miles off
the southwestern shore of Madagascar, he was relying on a chronom-
eter that had served him well to that point and on lunars taken four
days before.>® Perhaps his charts deceived him. Nevertheless, he had
wisely entertained the possibility that his determined position and/or
his charts might let him down, since he was careful to set a night course
that reduced the ship’s eastward progress. His one omission was in not
taking soundings — ‘no leadsman’s voice sang out the fathoms’. The ship
ran aground.®®

Despite the dangers, the vast majority of ships cleared the Mozambique
Channel. The preferred course brought them to the latitudes that could
be sailed through the Maldives, notably the 8-degree and 9-degree chan-
nels. During such latitude sailing, determining longitude was not a
major concern, indeed the technique of latitude sailing had been devel-
oped long before to cope with inaccuracies in dead reckoning. Having
passed the Maldives and sighted the coast, navigation by landmarks
then became possible.

The Outer Passage, sailing east from the Cape until well east of
Madagascar and the Chagos Islands before turning north into the Bay
of Bengal, could be used at any time of year, but was longer. It also had
its dangers if the longitude at which the northward passage was made
was uncertain. Before longitude determination by lunars or chronom-
eters became available, the Inner Passage was generally preferred for that
reason.®! A Middle Passage might be an attractive route to Bombay, sailing
east of Madagascar but west of the Chagos group, though this was only
viable if a ship left the Cape after September. It was not much used.

Examination of logbooks is key to understanding the realities of the
navigational practices of East Indiamen.%? Even commanders deeply inter-
ested in promoting longitude determination, such as Joseph Huddart,
whose journals of a voyage in 1778-79 in the Royal Admiral were among
those examined, were sparing in their determinations of longitude by
observation.®® Long stretches of voyages would be guided only by dead
reckoning and, importantly, by awareness of the likely imprecision of the
method. Occasional observations might be made to correct the longitude
from dead reckoning, but errors of 4 or 5 degrees (several hundred miles,
depending on latitude) were often accumulated. Of course, arriving at a
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place of known longitude also enabled the dead reckoning to start anew.
Before the 1780s, when the usual route to India was via the Mozambique
Channel, ships often stopped at the Comoro Islands, where they fixed
their position. Those islands were commonly used as a reference meridian
for the balance of the voyage. After a long spell in open sea, it was impor-
tant to know when to ‘get serious’ about longitude again, and when that
point came there was in Huddart’s case, as in others, a flurry of astronom-
ical observations to determine longitude until land was sighted. From
the 1780s onwards, voyages increasingly eschewed the Mozambique
Channel and instead headed into the southern Indian Ocean, exploiting
prevailing winds. On this route, getting serious again about longitude
came in deciding when to turn north for the east Indian coast or the
Malacca Straits. When East Indiamen began to carry chronometers, they
might use them in a similar tactical fashion, though often alongside
lunar distance determinations as a check.

Currents could create serious problems with dead reckoning and,
if this was known or expected, lunars might be used more regularly.
For example, the General Coote, in 1783, under Commander William
Harrington and on its way to Madras, had a passage of its voyage during
which lunars were taken daily and diverged considerably from the longi-
tude by account. Presumably, Harrington knew that currents would
make dead reckoning more uncertain in this area. By contrast, in the
subsequent voyage from Madras to China, lunars were rarely or never
used. Longitude determinations were made by dead reckoning and the
journal records regular sightings of landmarks as a check upon it. %

So, on a ship comfortably in open sea, or in regular sight of charted
landmarks, whatever techniques were available, the longitude need
not be, and was not, pursued with precision. To follow the journal of a
trading ship closely, to travel vicariously with her crew, passengers and
cargo, is to enter a world in which judgment and skill guided the selec-
tive pursuit of precision. That ships’ officers only became serious about
longitude (and other) observations at key junctures is confirmed by
recent systematic studies of observations of all types from East Indiamen
logs. These show that observations were most commonly made when
turning east after the long swing west in the Atlantic, when approaching
and leaving the Cape of Good Hope and when approaching the Indian
coast or parts further east.®

Company surveying activities and longitude

Getting to India by sea involved more than selection of a general
route. Potentially hazardous shorelines and shoals along that route
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had to be avoided. A voyage might also involve finding safe harbour,
procuring land-based resources and even, in certain periods, avoiding
or confronting enemy shipping. Thus, the charting and measurement
of longitude acquired strategic foci. One such focus was the 1,500-mile
chain of islands and atolls making up the Laccadives, Maldives, and
Chagos Archipelago, known in the Arab world as the ‘eleven thousand
islands’.

An early Company survey activated both by concern for secure navi-
gation and imperial competition was that of Chagos Island (called
Diego Garcia by the French) and its archipelago, conducted in 1786 by
Lieutenant Archibald Blair.®® Blair established a meridian at Flag-Staff
Point on Diego Garcia, from which he measured longitude by chro-
nometer as he sailed between the archipelago’s islands. Navigation was
conducted by setting courses by compass, by dead reckoning and by
measuring latitudes. Occasionally Blair took opportunity in rare episodes
of clear weather to make observations of Jupiter’s satellites to determine
longitude on Diego Garcia and other islands.®’” We see from this that
Company surveyors early settled on the basic strategy of chronometer
use in maritime survey. As if to demonstrate the importance of accurate
determination of longitudes, the East Indiaman Atlas (with the young
James Horsburgh as first mate) was wrecked on Chagos Island just in
time for Blair’s surveying party to rescue the crew. The navigators on the
Atlas, working by dead reckoning, had thought that they were 4 degrees
further east.®®

In other early surveying activity, sometime before 1787 Joseph
Huddart, commanding the Royal Admiral, carried a set of chronometers
down the coast from Bombay to Anjengo and back.®® From 1787 to
1790 Lieutenant John McCluer (alternatively McClure), under orders
from the Directors of the Company, surveyed the Indian coast south-
wards from Bombay. The plan was for a detailed chronometer survey,
and the instructions required that he take ‘altitudes for determining
the time by chronometer every hour’.’”® During the survey, in the
Experiment, McCluer found the timepieces supplied by the Company -
a box chronometer and two watches by Arnold - unsatisfactory and
he determined longitudes by lunars.”! The Company also required
McCluer to survey the Laccadive Islands and the banks between them
and the Malabar Coast, and to establish the relative positions of the
Laccadives, Malicoy and the Head of the Maldives.”? The Company was
making a significant investment in accurate surveys of the coast and
its approaches, and showing considerable enthusiasm for, and faith in,
chronometers.
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Another focus of Company surveying was the eastern seas beyond
India in relation to the China trade. There is little point in detailing
that surveying. Suffice it to quote Captain Basil Hall who offered this
retrospective estimation:

The East India Company have the sole merit [...] of having origi-
nated the splendid idea of surveying in a scientific manner, not only
the vast seas and coast of China, but all the straits, bays and islands
in the Indian ocean and Malay Archipelago. This work, perhaps the
most useful, and certainly the greatest, of its kind that any nation
ever undertook, has been steadily carried on at an enormous expense
for many years’?

Conclusions

Instrument-centric accounts of the history of the determination of
longitude at sea offer a shorthand approach in recounting the devel-
opment of navigation, and are tempting fodder for heroic accounts
of technological change. But they are profoundly misleading. I have
demonstrated some of the ways they mislead us as far as longitude deter-
mination by East Indiamen is concerned. This was a situated activity
dependent upon complex networks linking hardware, software and
wetware at a given place and time. Throughout, making seaborne and
land-based astronomical observations was a crucial part of the process
of determining longitude ‘in the wild’. Survey on land and sea were
crucially linked by the reference of position by East Indiamen and mari-
time survey ships to the longitudes of Indian observatories, notably
Madras and Bombay. The rating of chronometers by those same observ-
atories strengthened that link. A later generation of scientific marine
surveyors saw their predecessors’ promiscuous mixing of opportun-
istic astronomical observations and relative meridian distances as an
obstacle to truly scientific longitude determination by chronometer.”*
We might judge it differently, as a necessary, and productive, outcome
of the then current and complex state of the longitude networks on
land and sea in which East India Company venturers invested, and to
which they entrusted, so much.

I have also emphasized the point that exactly how those networks
were drawn upon in a given longitude determination depended upon
on-the-spot judgments of what was necessary and possible given imme-
diate purpose and conditions. East Indiamen pioneered the regular use
of chronometers as part of their armoury for longitude observation.
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Dalrymple and Horsburgh, successive Hydrographers to the Company,
sought to shape the practice of everyday navigation of the Company’s
fleet by promoting the use of chronometers and record keeping in ways
that enabled the production of more accurate charts. However, whether
longitude by chronometer was taken, whether it was relied upon and
to what extent, whether it was part of a process of short runs from a
longitude established astronomically, and so on, was a contingent
matter. Those parts of the longitude networks that built and maintained
the skills of East Indiamen officers were also a serious concern of the
Company. The Court of Directors conscientiously tried to ensure that
officers were well schooled in methods of longitude determination and
certified as such. However, the navigator employed techniques that were
practicable and that sufficed rather than those that were ideal from a
theoretical, hydrographic or administrative viewpoint. What techniques
to employ, and how to employ them were, in short, practical choices ‘in
the wild’.”s
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Thanks to Rebekah Higgitt, Richard Dunn and Simon Schaffer for the opportu-
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Simon Werrett for ‘the wild'.
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