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WHAT I MAY SEEM TO THE WORLD

I know not what I may seem to the world, but as to myself, I seem to have been
only like a boy playing on the sea-shore and diverting myself in now and then
finding a smoother pebble or a prettier shell than ordinary, whilst the great ocean
of truth lay all undiscovered before me.!

It is one of the most celebrated of Isaac Newton’s obiter dicta. Like many such,
its provenance is hazy. The literary reference may well be to a passage from John
Milton’s great redemptive poem Paradise regained (1671) where, in dialogue with
Satan, Christ praises divine illumination above pagan learning: “who reads / Inces-
santly, and to his reading brings not / A spirit and judgment equal or superior, / ...
Uncertain and unsettled still remains, / Deep verst in books, and shallow in himself,
/ Crude or intoxicate, collecting toys / And trifles for choice matters, worth a spunge,
/ As children gath’ring pebbles on the shore”.? But the remark’s immediate relation
with Newton is more ambiguous. The earliest version is found in a conversation of
April 1730, three years after Newton’s death, between the gossipy man of letters
Joseph Spence and the Jacobite, freemason and court tutor Andrew Ramsay. While
chatting about Newton’s debt to ancient theology and his strange attitudes towards
the doctrine of the Trinity, Ramsay quoted Newton’s phrase, adding it was “as great
as all” of Principia mathematica.’> Never one to let a nice epigram slip, Ramsay
then incorporated the expression in his 1732 Plan of education for a young prince,
composed to help tutor the heirs of a noble French clan. But in commending his own
version of Newtonian philosophy Ramsay modified the sense: “as Sir Isaac Newton
said, all the Discoveries Mortals can make are like those of a Child upon the Borders
of the Sea, that has only crack’d some pebbles and open’d some shells, to see what
is in them, while there lies beyond him a boundless ocean of which he has no idea.”
The reference was to Pauline doctrine in 1 Corinthians 13: “now we see through a
glass darkly, but then face to face.” Newton’s loyal nephew John Conduitt, concerned
with materials for the great man’s biography, dutifully pasted into his own scrapbook
a cutting from a Jacobite newspaper that carried this extract from Ramsay’s Plan.*
The remark passed into wide currency, republished or evoked by such writers as Lord
Byron in Don Juan (1820-21) and by David Brewster in The life of Isaac Newton
(1831). Much has been made of the imagery of the “ocean of truth”. Even more
attention has been paid to the alleged modesty of the opening phrase: “I know not
what I may seem to the world.” In his psychobiography of Newton, Frank Manuel
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hazarded that “this guileless and disarming simile may also be his confession”.’

But the concern here is different. Newton was never on the seashore nor discovered
the ocean. He saw no tides save along the Thames and did not use the Moon’s place
to navigate at sea. No great traveller, he spent his life in Lincolnshire, Cambridge
and some London houses, pubs and offices. He is known to have boated only with
Christiaan Huygens upriver to Hampton Court in summer 1689 to lobby the mon-
arch for a college job and presumably on a series of journeys in the early 1700s in
the barge of the Royal Mint between the Tower of London and Whitehall stairs to
attend ceremonial coin trials in Westminster. Then as now he seemed to the world
a remarkably stationary man, the embodiment of spiritual and scholarly solitude.
One of his admirers, the Lincolnshire antiquary William Stukeley, recalled that at
Cambridge “we gaz’d on him, never enough satisfy’d ... as on somewhat divine”.
Stukeley claimed that even when a public figure Newton had been “drawn forth
into light before, as to his person, from his beloved privacy in the walls of a college
where ... he published his Principia, that prodigious and immortal work”. As early
as spring 1688, when its patient editor Edmond Halley gave Principia its first review,
readers were told that “the incomparable Author having at length been prevailed upon
to appear in Publick, has in this Treatise given a most notable instance of the extent
of the powers of the Mind”.¢

There was a rather direct connexion, as Rob Iliffe has shown, between an ingen-
iously worked image of seclusion and authority and the religious and cosmological
programme Newton espoused. In strategic comments on the proper status of the
virtuous natural philosopher, Newton urged that the wars of the learned were due to
making public what should be secreted and the affairs of a corrupt state and church
poisonous for the pursuit of truth. Jan Golinski has traced the ways in which the
“noble and secret” works of philosophical alchemy were important for Newton’s
knowledge map. In his analysis of the relation between experimental location and the
“ambivalent or hostile” reaction of Newton to its public milieu, Steven Shapin has
cited Milton on the mind as “its own place”, convincingly reasoning that “the solitary
philosopher” is taken to “elaborate a world wholly free of his corporeal situation”.
Nowhere and everywhere, indeed nowhere therefore everywhere, this Newtonian
solitude allowed an imitatio Dei.”

Newton’s playful and sublime seashore and its importance in his self-image provide
an apt stimulus for these reflections on information, insulation and geography. In an
astute chiasmus, the figure of the beachcomber locates divine verities in the realm of
sublime travel (“the ocean of truth”) and sets curious natural history in trivial solitude
(““a prettier shell””). Historical geographers have recently paid fresh attention both to
the territories of enlightened knowledge and to what has been called the “social and
material space” of the littoral. Here, the aim is to explore that space in an account
of Newtonian global knowledge.® The case of his comparative seclusion and immo-
bility seems striking because his programme, first launched in the mid-1680s and
under revision for the next three decades, evidently mastered vast cosmologies and
chronologies, involving heights of tides, lengths of pendulums, positions of comets
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and satellites, the tales of well-travelled mariners and missionaries, merchants and
mercenaries. The divine Newton could describe how bodies acted on each other
instantly and at a distance because, so it seems, he could also act instantly and at a
distance without mediation.

But immediate action at a distance is plausible neither as a historical nor sociologi-
cal principle. The aim here is to use the figure of Newtonian solitude to examine the
emergence and working of information systems in early modern natural philosophy.
Principia mathematica remains a glorious achievement of a putatively secluded
analyst of the mathematics of motion. The remark about the beachcomber and the
ocean of truth has helped underwrite a weird notion that nothing like reportage or
trust could play a consequential role in the Newtonian triumph nor in any success-
fully completed analytical science. Yet the networks through which reports reached
Newton and on the integrity of which so much of his work relied were crucial for
his enterprise. The cloister and the ocean fit together as components of a system that
helped solitude and testimony function together.’

The knowledges in question in this case seem unusually interesting examples
of such socially institutionalized practices. While part of this essay’s provocation
is a desire to put Newton back on the beach where he belongs, part also wishes to
invoke some of the claims of Boris Hessen some seventy-five years ago, which at
least started the project to analyse the final book of Principia mathematica in terms
of its relation with navigation and trade: “in a work treating of natural philosophy”,
Hessen remarked, “we cannot expect to find references to the low sources of its
inspiration”.!® A relocation of Newton’s programme would be highly informative
about sources of inspiration and in particular about the information order and the
knowledge flows through which his masterpiece was produced.

INFORMATION ORDERS AND CREDIT ECONOMIES

Long-range systems of accumulation of facts and commodities were decisive aspects
of the early modern information order. Adapting prestigious accounts of colonial
voyage and conquest under the aegis of the Catholic Monarchy, enterprises such as
the Baconian instauration linked distant travel and advances in knowledge. Joint-stock
trading corporations and the vast missionary enterprises of the Society of Jesus, for
example, set up networks of trade, storage and communication through which new
kinds of knowledge and performance were developed. Jesuits’ networks involved
innovative genres of reportage and display relying on well-institutionalized patterns
of trust and vigilance.!! Though Newton’s relations with Jesuit natural philosophers
and historians were notoriously and traumatically fraught, these priests would provide
recalcitrant but indispensable resources for his own endeavours. Importantly for the
argument presented here, protagonists were peculiarly aware of the modes of travel
and knowledge their work developed. The ecstatic heavenly journeys composed by
Jesuits such as Athanasius Kircher in his museum in Rome or Valentin Stansel in his
college in Brazil were modes of imagining travel and its spiritual sense, as though del-
egates could move without obstacles around a world revealed by the new information



246 - SIMON SCHAFFER

order.'? Similarly, in her brilliant study of what she calls the “information ceremonies”
of the old regime, Michele Fogel shows how at a period seen as marking the dawn
of modern civil society, control over information production was surrounded with
complex rituals where state power was dramatized and reinforced. John Brewer’s
comparable analysis of the fiscal-military excise system shows the liaison between
flows of information and of goods in the regime of the period. Larry Stewart has
demonstrated the entanglement of Newtonian natural philosophy with the commercial
revolution of Georgian Britain, and has pursued these connections in the globalized
trade networks Britain’s empire established. These historians bring out the spatial,
political and commercial dimensions of early modern information orders.'?

‘Information’ here is a term designed to describe matters more broadly shared and
less explicitly challenged than formalized knowledges. Information is the commonly
taken-for-granted, rather less disputed and less disputable; knowledge looks more
mutable, its status certainly more debatable. “In early modern societies”, C. A. Bayly
points out, “the information order was decentralised, consisting of many overlapping
knowledge-rich communities”. Within these orders there were information brokers,
men such as Henry Oldenburg and Hans Sloane. As Peter Burke suggests, they
functioned in an information order that sometimes called itself the Republic of Let-
ters, in which there was print commerce, stock investment, news books, subscription
systems and encyclopaedias.!* This was the epoch of foundation both of the natural
philosophical journal and of the newspaper. There were hosts of reports of marvels
and prodigies linked with commercial and political events, whose credibility was a
concern for magistrates and priests, natural philosophers and merchants. All this was
“paper fuel” for news books and coffee houses.”* In managing accounts of exotic
and wondrous phenomena, rival criteria of assessment of the possible capacities of
the world were disputed. There was a culture of what Brendan Dooley has called the
“information underground” of early modern European news. To know what might
happen in the world it was important to know whom to trust.'6

Reports of striking phenomena, increasingly vouchsafed in numerical terms, were
understood as the output of observers equipped with artful devices and instruments.
It was puzzling to persuade distant audiences of the plausibility of these stories and
measures, especially when managing discrepancy or contradiction. This persuasion
could be achieved by urging the skill involved in wielding instruments. Such skills
were assayed as part of a credit system that relied on travel, trade and empire. The
system’s exemplary institutions were libraries, cabinets and museums, as well as
mints and assay rooms. The key assay practices, including pharmacy and alchemy,
were dependent upon and often debated the provenance of globally distributed goods
and measures whose virtues were connected with the precise characteristics of the
sites whence these valuable commodities were shipped.'’

As example of how this order was put to work, consider Newton’s first extant
letter, apparently written in Cambridge in spring 1669 to his college friend Francis
Aston. Newton copied out another virtuoso’s instructions concerning the inquiries
travellers should make about navigation, mining, pendulum clocks and metallurgy.
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He then added notes from a favoured alchemical text edited by Michael Maier and
asked about transmutations and for news of a medical chemist (‘I think he usually
goes clothed in green”) whose repute in Amsterdam he wished to judge: “pray
enquire whether his ingenuity be any profit to the Dutch.” In fact this ingenious adept
had left the Netherlands for Denmark and ultimately Papal imprisonment in Rome.
This did not prevent news sheets carrying tell-tale reports of his deeds that reached
eminent London natural philosophers such as Robert Boyle, so giving credit to other
alchemical pretenders. Alchemy provides a good case of the links between professed
solitude and ingenious commerce, since without global supply chains alchemical
labour would lack its materials. Historians’ readings of the letter from Newton to
Aston are telling. Westfall reckons it a sign of Newton’s “isolation” (because it is
his only personal letter of the period). Manuel asserts that “Newton remained insular
all his life” and “was surely not curious enough to travel”. Hessen, by contrast, uses
the document as evidence of Newton’s real interest in gathering reliable information
about distant techniques.'®

In tracing such networks of trade and knowledge, we might rather follow the sug-
gestions of recent historians of the process, such as Hal Cook and Steven Harris. In
his analysis of Dutch merchant enterprise and natural history, Cook rightly points out
how collective creditworthy accumulation of goods and information characterized the
Dutch economic system and its knowledge regime. Inventory investment, the inven-
tion of maintenance technologies of storage, classification and warehousing were
systems of knowledge accumulation in libraries, gardens, pharmacies or museums.
Harris uses the career of the Dutch VOC, alongside those of Habsburg and Jesuit
knowledge networks, to chart how travel, expropriation and accumulation provided
both the social modes of the early modern capitalist system and the information
networks and genuinely big sciences of these institutions.! The economic systems
of global European commercial networks vouchsafed the scope of the information
order while that order also underwrote the power of those systems. It could therefore
help make a world, judging persons under regimes of credit and trust alongside the
judgment of creation’s contents. It saw the acquisition of knowledge as the stock-
ing of a cabinet to correct the effects of the Fall. The divinely sanctioned reasons
of creation were supposed to guarantee the possibility of knowing it and relying on
its products.

There was thus a link between the colonial information order and the empiricist
knowledge regime of the late seventeenth century, between forms of epistemology,
providentialism and domination. The preface to Awnsham and John Churchill’s col-
lection of Voyage and travels (1704), perhaps by John Locke or by Edmond Halley,
made the link. “Natural and moral history is embellished with the most beneficial
increase of so many thousands of plants it had never before received, so many drugs
and spices, such unaccountable diversity. Trade is raised to highest pitch, and this not
in a niggard and scanty manner as when the Venetians served all Europe ... the empire
of Europe is now extended to the utmost bounds of the Earth.”* The Restoration
world reinforced the colonial economy and the plantation system. The slave-trading
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Royal Africa Company, founded in 1660 and reformed in 1672, was described by
the eloquent historian Thomas Sprat as the “twin” of the Royal Society.?! Leaders
of the Royal Society such as its treasurer Abraham Hill, its president the Earl of
Carbery and its chief Augustan patron the Duke of Chandos were also leaders of the
slave economy. Newton’s successor as the Royal Society’s president, the naturalist,
traveller and fashionable physician Hans Sloane, gained his finance and social capital
from the West Indian plantations and was commissioned by Chandos in the 1720s
to act as a node of the information order that underwrote the plantation system by
assaying plant samples such as quinine, balsam and dyestuffs.?

Remarkable information systems like those run by the Society of Jesus, the VOC
and the Royal Africa Company, and in London by Oldenburg or by Sloane, involved
the assay of persons as well as goods. This accumulation explicitly depended on
credit and credibility, which could always go wrong. Newton, Sloane and Locke
knew that well.”? What counted were the criteria with which plausibility could be
assessed. How to discriminate, for example, between reports from eastern Asia that
reached London through Jesuit and commercial sources in the early eighteenth cen-
tury, whether those of Engelbert Kaempfer on Japan, managed into print by Sloane,
or those in the same waters of Lemuel Gulliver, printed at the same time and with the
same publisher as Sloane’s Voyage and Newton’s Mathematical principles?** There
was also the contemporary case of the young Frenchman who went by the name of
George Psalmanazar, passed himself off in England in 1704 as a Formosan in flight
from Jesuit masters, published a natural and civil history of his island, then professed
its (invented) language at Christ Church Oxford, before becoming too suspect and
eventually confessing his deception. The Royal Society’s president, Isaac Newton,
summoned the supposed Formosan for interview. The author used the conventions
of this information order — of probability, conjecture and assay — to make his story
credible. Sloane led an inquiry. He sent a veteran of the Jesuits’ China mission, Jean
Fontaney, to Avignon to check on Psalmanazar’s credentials, which proved all too
faulty. The Astronomer Royal John Flamsteed sent Psalmanazar’s book (along with
a fine quadrant and a copy of Newton’s new Opticks) to his colleague James Pound,
then employed by the East India Company at a trading base in the South China Sea.
Pound confirmed that Psalmanazar was not to be credited.” Others, however, faced
with a choice between Jesuit and anti-Catholic witnesses, trusted Psalmanazar. Tales of
papist cannibalism in Formosa chimed nicely with Protestant horrors of the eucharist
and Swift’s ferociously plausible jokes about Anglo-Irish anthropophagy.?

This perverse exercise in the manipulation of credit evokes the historiographic
puzzle of the relation between regimes of curiosity and natural philosophy. The
historian Krzysztof Pomian read such curiosity as an intermediate state between
(medieval) theology and (enlightened) sciences. Historians of the Royal Society
have often seen Sloane’s succession to Newton’s presidential chair in 1727 as a
moment when the energies of mathematical physics started to dissipate in trivial
naturalia. Contemporary philomaths and Augustan satirists, documented in Marga-
ret "Espinasse’s account of the “decline and fall of Restoration science”, judged the
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change similarly harshly: the sonorous eternities of portentous planets were displaced
by the silly skewering of ephemeral butterflies. The epoch’s ferocious public conflicts
helped establish an important distinction between versions of curious natural history
and of mathematical natural philosophy with Principia mathematica its cynosure.
The polemical dedication placed at the head of the Philosophical transactions of the
Royal Society in 1727 by its then editor, the Cambridge-trained medic James Jurin,
lauded the “Glory of Sir Isaac Newton” and claimed “that Great Man was sensible,
that something more than knowing the Name, Shape and obvious Qualities of an
Insect, a Pebble a Plant or a Shell was requisite to form a Philosopher, even of the
lowest rank”. Compare and contrast the Newtonian self-image of the 1730s in which
infantile diversion “in finding a smoother pebble or a prettier shell” leaves the “ocean
of truth” undiscovered.”’

To see the force and consequence of the claimed separation of mathematical-
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experimental and natural historical enterprises, it helps to understand how Principia
drew calculation and curiosity together. There is a need for a re-assessment of the
relation between learned natural history and the natural philosophy whose math-
ematical principles the work presented. For example, the apparent contrast between
Principia mathematica and contemporary works of learned curiosity also published
under the Royal Society’s aegis, such as Nehemiah Grew’s Musaeum Societatis
Regalis (1681), a copy of which Newton gave his own college, may become less
stark.?® We need a better map of the information order of the early modern period’s
knowledge regimes.

TIDES AND CURRENTS: A TONKIN RESOLUTION

Newton’s first signed publication, in 1672, was a new edition of the definitive geog-
raphy textbook of the age, the Geographia generalis of the Leiden scholar Bernhard
Varenius. Varenius identified geography within mixed mathematics. Newton followed
suit, setting the work in a general account of the cosmos.? He owned more than
twice as many works on geography, voyages and travel as on astronomy. From 1696
he administered the Royal Mint and from 1703 the Royal Society, soon to give him
troublesome responsibility for the affairs of the Royal Observatory down river at
Greenwich and its manager Flamsteed, whose data were vital resources for Newton’s
work, and for the Board of Longitude, established in 1714. Newton also stood at the
centre of the financial revolution that saw the establishment of the Bank of England
in 1695, the recoinage of 1696 as a response to the circulation of bad metal, and the
emergence of paper credit and the growth of the stock market in London. He was
one of the few East India Company proprietors who owned more than ten thousand
pounds in stock and invested heavily in the notorious South Sea Company, set up
in 1711 to trade with Spanish colonies in south America. These fiscal systems were
but one aspect of the settlement of the new Anglo-Dutch regime after the Glorious
Revolution of 1688. That regime relied on stable values in its capital and its impe-
rial network in the Atlantic. There were advantages, in ways which other studies of
information flow in early modern Europe have taught us, both in intimate and speedy
communication and in the engineering of distance, isolation and withdrawal.*® Such
principles also governed the information order of Principia mathematica.

Expert in monarchical law and a member in the Convention Parliament that
legitimated William’s regime in 1689, Newton often linked right government with
knowledge of divine creation as interpreted by natural philosophers. Newton did
not achieve several major insights and techniques of his chronology, cosmology
and celestial mechanics until the early 1680s. Principia was first written during the
twelve months to autumn 1685. It is striking that the closing sections were initially
supposed to “demonstrate the frame of the System of the World” and “compos’d ...
in a popular method, that it might be read by many”. This account of the “system of
the world” was initially and significantly designed to make Principia more popular.
Unlike preceding material on the laws of motion that Newton feared “may have
appeared ... dry and barren”, the final volume demanded detailed assays of information
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from a wide range of protagonists.’! Such appeals and assays concerned Newton’s
first editor Halley, an Atlantic astronomer and voyager who carried the costs of
Philosophical transactions just as he did for Principia. Halley published much in
those years mapping global phenomena such as tides, compass variation, trade winds
and monsoons, correcting Varenius’s mistakes after “having had the opportunity
of conversing with navigators acquainted with all parts of India, and having spent
a considerable time between the Tropicks”. He exploited information networks of
the trading corporations and dockyard experts, such as those used in his friend John
Seller’s Oriental pilot. He sometimes had to delay publication “by reason of the
absence of a person extraordinarily knowing in this matter, whose information was
thought necessary”. Expert on getting such reports into print, he told Newton in June
1686 that the “application of this Mathematical Part to the System of the World is
what will render it acceptable to all naturalists, as well as Mathematicians, and much
advance the sale of the book™.*

After briefly contemplating omitting all this material, partly because of his fury
with the rival claims of Robert Hooke, Newton soon used it for the last book of Prin-
cipia. From the first drafts of this work on planetary paths in 1684, Newton began
to consider how “a large number of observations, no matter how many”, could best
be reduced to “a single conclusion” by taking ““a mean point” for an elliptical orbit’s
focus. A reliable mean might imply weighting observations by accuracy, assaying
relative trustworthiness of estimated positions. In the Principia project Newton and
his collaborators often constructed mean values from varying estimates of celestial
and earthly phenomena.?* They faced the problems of handling widely distributed
data accumulated by astronomers and priests, academicians and mariners. In an
argument about the best balance between “a large number of observations” and a few
trustworthy ones, Hooke’s London lectures on cometography had already described
the problem of ordering information that Newton must also manage: “saving the exact
Observations of some few ... truly diligent and accurate men, the greater the Collec-
tions of Observations are, the more trouble and difficulty is created to the Examiner;
they not only confounding one another, but perplexing those also which are real
and perfect.”** The problem was thus to judge select reporters’ diligent accuracy in
comparison with large data collections, especially where the programme demanded
exquisite exactitude from resources globally distributed in time and space.

A good case of Newton’s management of these data is his striking providential-
ist argument, published in a corollary early in this last book, that “God placed the
planets at different distances from the Sun so that each one might, according to the
degree of its density, enjoy a greater or smaller amount of heat from the Sun”. The
claim relied on a prior “analogy that is observed between the forces and bodies of
the planets”, so depended on good estimates of planets’ sizes. In his initial version
of the corollary, completed by autumn 1685, Newton gave figures for Saturn’s radius
from measures of its body and ring by Hooke, Halley, Huygens and the Avignon
priest Jean-Charles Gallet. “I am still at a loss for Saturn”, Newton confessed to
Flamsteed in early 1685, “I have not at all minded Astronomy of some years till on



252 - SIMON SCHAFFER

this occasion which makes me more to seek”. The Astronomer Royal gave Newton
these details and his own measures. Newton proposed publishing all these different
values, then took the values’ “mean ratio [ratio mediocris]” for Saturn’s diameter as
21 seconds. He hadn’t finished. By analysing observations from Huygens, Gallet,
Halley and the Danzig astronomer Johannes Hevelius, he was able cunningly to urge
that unequal refrangibility increased planets’ apparent size, so reckoned it reason-
able to reduce Saturn’s true radius from 11 to 9 seconds. Newton’s modern editor, 1.
Bernard Cohen, calls the manoeuvre “pure nonsense”. Even Newton’s disciple the
Scottish mathematician David Gregory questioned his master’s tactics. But this lower
number helped claims about the relation between planets’ forces and sizes, thus about
divine wisdom in the solar system. All this was transferred to the published Principia
in 1687 then abbreviated in later editions. The rationale for this disposition was no
longer set out, nor the careful averaging of observers’ numbers for Saturn. In many
sections of the great work, Newton and his collaborators worked this hard to assay
and adjust such astute interpretations of many other observers’ work.*

Compare some later, more fraught, exchanges with the precise and pious Flamsteed
in 1694-95. Newton and his allies wanted at last an adequate lunar theory based on
gravitational analysis. They understood that such a theory would have important
implications in navigational astronomy. Newton and Gregory visited Greenwich to
obtain good lunar data from the Astronomer. In the next eight months Flamsteed sup-
plied at least fifty such observations. “All the world knows I make no observations
my self”, Newton told him, “and therefore I must of necessity acknowledge their
Author: And if I do not make a handsome acknowledgement, they will reckon me
an ungrateful clown”. Newton claimed the virtues of Principia’s gravitational lunar
theory would make Flamsteed seem “the exactest observer that has hitherto appeared
in the world”. But the boundary between theory and data was socially troublesome.
Flamsteed provided not his raw observations but those rectified for refraction, par-
allax and the Sun’s apparent motion. As Buchwald has pointed out, astronomers
such as Flamsteed adopted “an ethos of artisanal perfection”, producing allegedly
refined reports without much debate on data selection. Within a few months, rela-
tions with Greenwich collapsed: “I want not your calculations but your observations
only”, Newton thundered, before exchanges were broken off.>¢ So, too, was the lunar
enterprise. Newton’s predictions for the progression of the line of apsides barely
reached an accuracy of ten minutes of arc. He never designed more than a kinematic
account of the movement of the centre of the Moon’s orbit, one that certainly did not
show the role of gravitation in lunar movement. “Without adequate data”, writes the
historian Curtis Wilson, “the difficulties proved too great”. By 1713 Newton excised
two references to Flamsteed that had appeared in the first 1687 edition.” It was hard
to establish the right relation between calculation and observation, authorship and
gratitude. Similar travails affected most data with which Newton’s group worked as
they sought to make the third book “exact”.

In Principia analysis of lunar motion was set alongside Newton’s model of the
tides. It is now known that his estimate of the ratio of lunar and solar tidal components
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is two times too large. Though he recognized that the effects of Sun and Moon
depended on the inverse cube of their distances from Earth, he erred in claiming
tides are determined entirely by the vertical component of the disturbing forces and
in assuming that solar tidal forces on the Earth’s surface all act in parallel. Yet this
was the first attempt to offer a numerical calculation of tidal forces.* In the 1680s
he described celebrated marvels of tidal ebb and flow in the East Indies, the Straits
of Magellan and the Pacific. Keen to show the global grip of his gravitational model
of lunar pull, Newton faced characteristic troubles of trust in travellers’ tales. “The
tide is propagated through the ocean with a slower motion than it should be accord-
ing to the course of the Moon”, he explained in 1685, “and it is probable that the
Pacific Sea is agitated by the same laws”. He had reliable reports from the coasts of
Peru and Chile, “but with what velocity it is thence propagated to the eastern coasts
of Japan ... I have not yet learned”.* To estimate numbers meant using the global
information order to amass testimony. It was the management of such numbers that
drew most attention when the brilliant Cambridge mathematician Roger Cotes, who
became an expert on methods for managing observational errors and an observatory
manager, began to help rework the entire Principia between 1709 and 1713. Faced
with threatening rivals to their cosmology, notably the Leibnizian programme, Newton
and Cotes now sought massively to reinforce the apparent precision and the global
grasp of their numbers. They discussed, for example, whether to omit or include
specific tide data from variably reliable Plymouth or Bristol mariners alongside their
assumptions about such parameters as the Earth’s density.*

Tide observations had long been crucial in the Atlantic information order. Robert
Moray, Scottish traveller and eminent FRS, already encouraged new data programmes
by the Jesuit Athanasius Kircher in the 1650s and reported on the remarkable tides
around his own estates in the Hebrides in 1665. The young Newton made careful notes
on Moray’s reports, juxtaposing them with what he knew of the work of tidal devices
on the Danube.* In Directions for sea men (1666) the Royal Society demanded tidal
measures from as far as New England, St Helena and Bermuda.* The same year, in
response to a complex philosophical model of Channel tide patterns by the mathema-
tician John Wallis, Moray proposed a routinized tidal observatory using instruments
made by the Society’s operator Richard Shortgrave and distributed along the Thames
and the Channel coasts. In the 1660s Newton read these reports and offered criticisms
of Wallis’s tide theory, noting that “astronomers are much puzzled with the irregulari-
ties of the Moon™.** Appraisal of local expertise, in ways made familiar in Steven
Shapin’s account of the trust economy of Restoration Britain, worked to powerful
effect. Wallis reported his chats with “some inhabitants of Romney Marsh”, whose
testimony he eventually accepted because their business so depended on tidal flood-
ing.* The Baconian astrologer Joseph Childrey similarly appealed to Thames-side
inhabitants and his experience of riverbank flooding. Moray’s observatory programme
would have relied on “any waterman or other understanding person”.* When the
Plymouth observer Samuel Colepresse began his own tide survey, he initially found
“the sullen humour and irreconcileable opinions of the Seamen” frustrated his survey
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plans. The Bristol mariner and navigational writer Samuel Sturmy reported in late
1668 with data about the time and height differences between highest and lowest
tides, reporting numbers as “45 feet circiter”. Sturmy judged that “to make them
always so near as to half inches, is neither easy, nor material, nor useful”. 4

It was the data of Colepresse and Sturmy that played a vital role in Principia’s
third book. To calculate the precession of the equinoxes, Newton needed to know the
proportion of the forces of Moon and Sun. This ratio could in principle be derived
from the heights of spring tides, which he reckoned was due to the sum of the forces at
syzygies, and of neap tides, due to their difference at quadratures. Here the reliability
or credulity of local informants mattered. Flamsteed accompanied his tide tables sent
from Greenwich to the Royal Society with the remark that “considering how much
the River of Thames is frequented by shipping and how long it has been the chief
place of commerce in this part of the world, one would think our seamen’s accounts
of its tides should be very exact and their opinions concerning them very rational,
whereas ... nothing will be found more erroneous and idle”. In the 1680s Flamsteed
and Newton discussed whether a soli-lunar model of tidal causation was plausible,
while Halley was certainly dubious of Flamsteed’s own tide data. Against Halley’s
notion that Flamsteed’s tables failed in the North Sea, the Greenwich astronomer
appealed to “the authority of our Yacht captains”, while claiming that Halley’s own
account was “nothing but what almost every Waterman says”. Informants’ status
counted in these rival stories about the motions of the sea.*” When Halley presented
a copy of Principia to the monarch and former naval commander James Il in 1687,
tidal theory’s global extent took pride of place: “the whole appearance of these strange
Tides is without any forcing naturally deduced from these principles, and is a great
argument of the certainty for the whole Theory.” In 1701, Halley was sent by the
Admiralty on a Channel cruise to survey tidal streams: “where there are irregular and
half Tides to be more than ordinarily curious in observing them.” Halley’s impressive
tidal chart was printed in London by the end of the year then distributed with Seller’s
English pilot. Such maps might allow the Royal Navy’s Channel fleet to tide over,
to stay at sea and at anchor while the tidal stream was adverse.*

Manipulation of the numbers reported by coastal mariners such as Sturmy and
Colepresse dominated these sections of Newton’s programme for decades. In his
first attempt at a tidal model in 1685, while crediting “the tide tables which Flam-
steed has composed from a great many observations”, and mentioning observations
from the Channel, the East Indies and the Straits of Magellan, Newton relied almost
exclusively on Sturmy’s numbers for the range of tide heights at Bristol, “till we can
more certainly determine the proportion from observation”. But a year later, seeking
a better match between these tide ratios and those of the solar and lunar forces from
which he could then derive precession, he decided also to incorporate Colepresse’s
somewhat larger height ratio from Plymouth and announced in print that “until
something more certain is established by undertaking more accurate observations
we shall use the mean proportion [proportio mediocris]”.*

When he later started working with Cotes on these tidal propositions in early 1712,
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the relative weight to be given to Sturmy’s and Colepresse’s numbers demanded fresh
attention: the young editor told Newton that analysis of the lunar force at syzygies and
quadratures gave a proportion that “falls without the Limits at Bristol & Plymouth. I
shall therefore leave it to Your self to settle the whole Proposition as You shall judge
it may best be done”. A month later, Newton had decided that his account of the ratio
of lunar and solar forces demanded a return to the 1685 strategy, with Colepresse’s
observations suppressed. “In the calculation of the Moon’s force”, Newton told Cotes,
“your scruple may be eased (I think) by relying more upon the observation of the
tide at Chepstow than on that at Plymouth”. The rationale for this manoeuvre was
explained to Principia’s readers: “because of the magnitude of the tide in Bristol
harbour, Sturmy’s observations seem to be more trustworthy”. Newton also decided
to “rely” on carefully managed numbers for the varying density of the Earth, since
lower density nearer its surface would increase the globe’s equatorial bulge. Assays
of mariners’ reports and the Earth’s structure eventually gave him a number for the
precession that matched better than one part in three thousand. “Some might consider
it a rather ambitious conclusion to draw from measurements of a retired sea captain”,
remarks Newton’s biographer R. S. Westfall. Newton could not tolerate difference
between his divinely warranted order and such numbers.>

The same method was directed at celebrated tidal puzzles, notably those of the Gulf
of Tonkin, where it was reported that there was but one tide per day and a gradual
periodic variation in its height over a fortnight. When the Moon was near the equator,
twice a month, there was a period of two days with no tides at all.>! The writer who
first presented these numbers was an American, Francis Davenport, a Boston mariner
who went to India in 1670 before working, initially as boatswain, at the East India
Company base at Tonkin set up there in 1672. The Tonkin factor, Thomas James,
ordered Davenport to survey the tides at the bar of the Red River between May and
July 1678 armed with a reliable compass, but “not so good as I could have wished
whereby to take the bearings ... better instruments are requisite for observations in
such unstable stations”. Davenport found it dangerous to cross the bar in stationary
periods and advised captains to wait a few days for a strong tide to venture over. He
was also concerned that the “subtle Tonqueen pilots” exaggerated the shifts of cur-
rents and sandbanks “only to prevent their being kicked out of imployment, wherein
yet with safety the best of them all cannot wholly be relied on”.>?

Good East India Company numbers would, perhaps, supplant dubious local inform-
ants. The strange tidal patterns were confirmed in 1683 by an East India captain
Robert Knox, veteran of twenty years’ imprisonment in Sri Lanka, ally of Hooke and
supplier of the Royal Society with its first samples of oriental ganja. The numbers
were supported when an East India ship was wrecked on the Tonkin bar in early 1683.
News of these episodes reached the Royal Society via London merchants in spring
1684.% Close ally of the Company after his successful St Helena voyage in 1678,
Halley then reprocessed Davenport’s data for Royal Society consumption. He used
the mariner’s estimates of the maximum tidal range, which he treated as though they
were precise astronomical numbers rather than local estimates of tidal flow. During
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1684 he produced a quantitative model of exaggerated exactitude that linked the daily
tide and its monthly cycle to the distance of the Moon from the equinoctial points.
His model assumed a maximum tidal variation of at least 18 feet. Currently accepted
numbers are closer to 10 feet and the best modern model of this strange tidal pattern
proposes a resonance of the lunar twelve-hour tide in the gulf, setting up a standing
wave with a stationary node at just the point where Davenport was working.>*

Thus the London and Cambridge analysts were presented at a decisive moment
in their computations with testimony about one of the world’s most perverse tidal
systems. In 1688 the global navigator William Dampier reported that “the most
irregular tides I did ever meet with are at Tonqueen described at large by Mr Daven-
port”.% By the time Newton turned his attention to this strange marvel, Davenport
had moved his employment from Tonkin to the west coast of Siam, where he worked
as agent for an entrepreneurial and militant East Indies trader, Samuel “Siamese”
White. Associated with this notorious interloper, Davenport’s repute was much in
question in London pamphlet wars of 168788 that raged after White’s piracy led
to the destruction of the English trading base in Siam. White and his allies publicly
attacked the credit of his erstwhile aide Davenport: “this vile wretch Davenport, on
whose evidence the company have so much dependence is one of the most notorious
rogues in nature and so esteemed by all honest men that ever had the unhappiness to
have been concerned or acquainted with him.” %

A dubious report from the Gulf of Tonkin by a disreputable American had to be
checked for its creditworthiness. Halley, veteran of the East India Company’s ships,
and thus Newton, had indeed to depend on the accounts of the nature of tides which
“this vile wretch” provided. Newton gave an ingenious explanation of the perverse
tidal phenomena at Tonkin, omitting the name of his source. There must be a periodic
addition and subtraction of two tidal streams from two separate entries from ocean
into the gulf, one of the very first published accounts of wave interference. Even
Newton had no account of why the daily motion was so strong, referring the puzzle
to later navigators in the East.”” What Newton, Cotes and Halley needed was ever
more testimony from reliable mariners in Formosa and Tonkin, from the Horn and
the south Atlantic. Without that information order, the astonishing balance Newton
hoped to strike between his finicky sums and the rough data of the observers (45
feet circiter”) would fail.

COMETS AND PENDULUMS: INFORMATION OBSCURED BY CLOUDS

Demonstrations that comets move like planets in conic sections with the Sun in one
focus occupied Principia’s final propositions and provided one of its most important
achievements. Cometography’s appearance at the end of the work obscured the fact
that it came at the start of Newton’s project. Cometary phenomena first drew his
attention to astronomy in the 1660s. In the decisive years between 1681 and 1685
his compilation of puzzling catalogues of informants’ accounts of comets’ positions,
motions and nature drove much of his radical new work on the theological signifi-
cance and mathematical principles of natural philosophy. In 1681 Newton lacked
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the notion of universal gravitation. Then as he started compiling natural histories of
cometary marvels, he began gradually to develop such a notion.>® His colleagues and
informants were sensitive to the problems of the cometary information order. When
Flamsteed reported on a comet seen in spring 1677 he conjectured it might return
every twelve years; such regularity would undermine the astrological “superstition
of the vulgar”. But the vulgar were not always wrong. In the very next line of this
letter Flamsteed confessed he’d first heard a report of this comet around Easter, “but
being it came but from ordinary labourers I gave little credit to it”. The labourers
proved right, at least in this case.”

Observations made throughout Europe, in Maryland, Brazil and China, as well as
information from carefully sifted chronicles, were all used by Newton and his col-
laborators such as Cotes and Halley to back Principia’s authority. Consider as example
the reports of Kircher’s Jesuit colleague Valentin Stansel, a missionary trained at
Prague in the 1650s, then based at his order’s college in Bahia on the Brazilian coast
from 1663. Like Kircher, Stansel held to a cosmology that valued the monstrous, the
singular and the newsworthy. Cometography admirably matched his aims in chart-
ing the natural history of wonders and marvels. Ill-equipped with an antiquated set
of survey instruments, devoted to the astral cosmology of his colleague Kircher,
Stansel used Tychonic methods to estimate cometary positions in 1664—65 and 1668.
He composed a widely read set of dialogues on astronomy, colonial commerce and
natural history, debating how “physicians in Brazil or America” could reason on the
astrological effects of comet transits when these bodies were of necessity unknown
to the ancients. His data were transmitted to Roman journals, thence via Huygens to
the Royal Society.®® Newton used Stansel’s observations of the dramatic cometary
tail of 1668 to argue against the Jesuit’s view that such appearances must be due to
refracted sunlight from these nearby bodies.*!

Such critical judgement of past observers was decisive. The historic method
Newton concocted relied on comparisons between past observations of cometary
transits to forge a cosmology in which activity travelled throughout the heavens,
restoring vitality to Earth and confirming the truths of ancient philosophy. In late
1682, when Newton and Halley launched this project, Hooke lectured in London on
exactly this puzzle. “I found the accounts of several historians concerning them so
very different one from another in most things that I knew not which to rely upon.
Which I suppose might be caused, either from their differing way of observing, or
from the difference of the goodness of their sight, or for the most part from the dif-
fering hypotheses they had made to themselves, or been prepossessed withal from the
writings or doctrines of other men.”®? Appraisal of cometographic testimony became
indispensable. This mattered especially for Newton, because he was the first to urge
that all comets moved round the Sun in elliptical orbits for which parabolas might
be good approximations.

In his elaborate studies of chronology and prophecy Newton had to analyse ancient
chronicles for signs of periodic regularity; so in the last propositions of Principia he
did this for signs of regular cometary returns. He consulted such chronicles as the
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cometography of the Polish religious reformer and astronomer Stanislas Lubieniecki,
then based in exile in Hamburg. Important cometary data also came from Hevelius
and from Halley, either directly or via Flamsteed. In summer 1679 Halley visited
Hevelius’s observatory in Danzig. The aim was to allow the Royal Society and the
Astronomer Royal to judge the quality of Hevelius’s controversial open-sighted
instruments in situ. As Jed Buchwald has asked of this project: “How was Hevelius,
given his distance and background, to convince others far away that his observations
should be accorded trust?” So this was an assay trip. “Had I not seen”, Halley told
Flamsteed in June 1679, “I could scarce have credited the Relation of any; Verily 1
have seen the same distance repeated several times ... so that I dare no more doubt of
his Veracity”.** Yet doubts remained about Hevelius’s work. Steven Shapin has shown
how these doubts were used to judge the Danzig cometary and lunar data. Halley still
grumbled about Hevelius’s claims: “it is our common concern to vindicate the truth
from the aspersions of an old peevish gentleman who would not have it believed that
it is possible to do better than he has done.”®*

Halley planned a visit to Tycho’s ruined observatory at Uraniborg and also went
on a tour of France and Italy in 1680-82. In Paris in early 1681 he worked closely
with the royal astronomer Jean Dominique Cassini, then much concerned with the
great comet of 1680-81 that Halley had first seen on the road to the French capital
and whose report Newton copied into his comet catalogue. Halley obtained from
Cassini his crucial book on the comet, later of importance in Newton’s calculations.
The great comet was “remarkable for its size and dreadful in the eyes of the vulgar”.
Halley tried and failed to make a path that would satisfy all the phenomena he got
from his Parisian informants. Here discussions of theories of cometary motion, such
as the dubious claim of Cassini that it orbited the Earth with a period of 2% years,
were fully integrated into the culture of virtuosity and the lettered.®

Halley also gathered from his French colleagues important information about Jean
Richer’s 1672 astronomical expedition to the French base at Cayenne. Further travels
helped. At Avignon Halley met Gallet whose observations of the 1680 comet were
also to be used in Principia. While in Rome in 1681 Halley joined the group around
the observatory and cabinet of Queen Christina at the Palazzo Riario. She offered a
prize, for which both Cassini and Hevelius competed, to compute the path of the 1680
comet. The Queen’s astronomers at Ciampini’s academy, including Marco Antonio
Cellio and Giuseppe Pontio, provided Halley with further cometary positions. He
sent Cassini all his latitude data on the road from Paris to Rome, and all the Roman
comet observations too. Many reached Flamsteed and Newton; Flamsteed began
lecturing on the reports at Gresham College in London in May 1681.% All this mate-
rial was used in Principia. Back in London by early 1682, Halley then threw himself
into astronomical observations and the debates with Hooke that eventuated in the
travelling astronomer’s portentous visit to Cambridge in summer 1684.5” Halley’s
exchanges with Newton from the mid-1680s relied on a natural history of comets and
an information order that exploited conventions of testimonies within the Republic
of Letters to evaluate both positions and observers.
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In his notebooks of 1681-82 Newton used the cometography of Hevelius and
other sources to go back over records from Aristotle, from medieval chronicles
and those from informants whom Halley and Flamsteed had appraised. Thus, so he
told Newton, Flamsteed interviewed one English cometary observer, a “Canterbury
Artificer” Thomas Hill, and “found him a very ignorant well willer yet I believe his
observation as good as those of Cellio made at Rome”. The Astronomer Royal lec-
tured his London audiences on the difficulties of reconciling reports from Cambridge
and Avignon, Rome and Canterbury.®® In many cases Newton sought to exclude data
that failed to fit his models, then find rationales from judgements of informants that
would help this hostility. Sometimes he adapted his models to incorporate testimony
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whose authority looked unshakeable. The technique of assessing past observers’ data
was used by Halley in numerous cases — on the secular acceleration of the Moon
and the proper motion of stars, for example.® In the final propositions of Principia,
these techniques told. Small differences between ellipses and parabolas would only
emerge if the database were reliable. In the case of Gallet’s data from Avignon in 1680,
puzzles included a mistake by Flamsteed in dating French reports (he used old style
calendars); doubts about which star catalogue French astronomers used to determine
cometary positions, and the relative size of Paris and Greenwich instruments; and
an obvious contradiction between what Gallet saw in November 1680 and what was
seen of the comet’s tail by a Cambridge student. Newton “was the more scrupulous
in examining this scholar because I knew not what to make of these things they not
agreeing to the Comet of December. And when he saw me at a puzzle he was con-
cerned and added there were divers other scholars who saw it with him”. He decided
to quiz his colleague Humphrey Babington about observations of the comet over the
roof of King’s College Chapel, showing the tail much more southerly than Gallet
said. But in a further redrafting, Newton decided the comet moved very close to the
ecliptic and Babington’s story was suppressed. To add to the complexity, Flamsteed
simply continued to defend Gallet’s virtues because his earlier (1677) observations
of the transit of Mercury were so reliable.”

These were the circumstances in which Newton also helped himself to come-
tary observations by Flamsteed’s correspondent Thomas Brattle in Massachusetts,
collated in London by Halley before the American came in person to London in
1682-89 and established close links with the Astronomer Royal.” Similar informa-
tion came from Newton’s former Grantham schoolmate Arthur Storer, Babington’s
nephew. Storer maintained correspondence with Newton from Maryland, where he
was a planter slave-owner at Prince Frederick in Calvert County. Storer sent the
Cambridge mathematics professor measures of the azimuth of the Pole Star and data
on the spectacular comet of winter 1680-81. “The instrument by which I observed
was but a pocket piece and therefore cannot be so exact as those of far larger sizes”,
the Maryland observer conceded. His observations of what is now known as Comet
Halley, that of 1682, are superior to those of Halley himself or indeed of Hevelius,
though he asked Newton for a “good large forestaff about 6 foot long so that it bow
or bend not by the weight of the vanes”, plus astronomical tables better than those of
the seamen’s almanacs on which he had relied till then. Since Storer’s stories fitted
well with Newton’s cometary model, he approved them in print.”?

Similar strategies were used in the case of the Paduan astronomer Geminiano Mon-
tanari, a notable disciple of Galilean natural philosophy. Montanari was nevertheless
criticized because his observations of the 1680 comet were seen to be defective by
the standard set by the path Newton and his editors were constructing. In his London
lectures, Hooke had amply discussed Montanari’s Venetian reports, asserting that
such information was not enough to ascertain whether the two comets were indeed
one, because of “the differing observations of several men, who possibly may not
be sufficiently skilful to make the observations, of others who though they may have
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skill enough, may yet want fitting instruments for that purpose”. So in 1713 Cotes
and Newton decided to include the remark that “Montanari had the suspicion that
his observations were in the end obscured by clouds”.”

In general, the only way of getting out the elements of a specifically elliptical
orbit was first to spot two similar comets in the historical record, then to calculate
what ellipse would give an orbit with that period, finally to check retrodictions from
this ellipse against the observations. This was the historic method commended by
Newton and practised by Halley throughout the 1690s. It let Halley famously to
“dare venture to foretell” that the comet of 1682 would return in 1758, to bewail
the “very uncommon way” French astronomers made their observations, and in the
same publication to regret the absence of reliable informants on more recent comets:
“If any one shall bring from India, or the Southern parts, an accurate series of req-
uisite observations, I will willingly fall to work again.” This work depended on the
conventions of an information order in which knowing positions involved decisions
about knowing persons.’

The links between assay of locally reliable instruments, persons and God’s crea-
tion were even clearer in Newtonian work on the length of pendulums in Europe,
the Americas and Africa. While painstakingly revising the new Principia between
1709 and 1713, Cotes was also working with his colleague Jurin to rework Newton’s
Varenius. The young Cambridge scholars, concerned with geographical knowledge,
were also assessing observers’ credit in astronomy and geodesy, especially their
reports of the lengths of pendulums beating seconds. Jurin called this puzzle “the
French dilemma”, because of the variation between different measures of pendulums’
lengths reported by French observers.” The dilemma was treated in Proposition 20
of Principia’s third book on the weights of bodies in different parts of the Earth and
the apparent shortening of such pendulums near the equator where it seemed effec-
tive gravity was weaker. In the 1680s Newton had hoped that “the excess of gravity
in these northern places over gravity at the equator” would be “finally determined
exactly by experiments conducted with greater diligence”.” Cotes “considered how
to make that Scholium appear to the best advantage as to the numbers”, drawn from
selected French estimates of pendulum lengths. The English mathematicians would
make a table of the variations in the length of a seconds pendulum at different points
on Earth. This table had to be visibly accurate over very small length differences of
fractions of a line (12 lines = 1 Paris inch). Cotes held that such “exactness, as well
here as in other places, are inconsiderable to those who can judge rightly of Your
book; but the generality of Your Readers must be gratified with such trifles, upon
which they commonly lay the greatest stress”.”” To reach such exactness Principia’s
author and editor had to judge the standard of matter of which the Earth was made
and the standards met by (mainly French) instrumentalists.

The astronomer Jean Richer’s celebrated ten month’s work at Cayenne in 1672 was
taken as a standard. Newton eventually reported that during observations of meridian
transits Richer had first found his pendulum clock slower than mean solar time, then
deliberately conducted an experiment to measure the length of a pendulum that “would
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oscillate in seconds as measured by the best clock™. If Richer’s data were privileged
and allowance made for the expansive effects of tropical heat on pendulum cords, then
Newton’s estimate of weaker effective gravity nearer the equator and of the Earth’s
shape would be well confirmed. If a range of French data from the Antilles and west
Africa were taken into account, then the numbers would suggest a planet denser near
its centre and even more flattened at its poles.” In the notebook Newton kept in 1681
to collate observations of the great comet of that year, he already recorded Richer’s
observations, presumably passed on from Halley, who, so Newton then remarked,
concluded that the pendulum had to be shortened at Cayenne. Newton also noted that
in Gorée (the newly established west African base of the Compagnie du Sénégal)
“observation was less exact”. The delegates sent there had bickered. Their claim from
the tropical slaving fort that pendulums also needed shortening, and by more than
had earlier been reported by Richer, was questionable. It was important that travellers
could show themselves reliable delegates. For example, Richer recorded that he had
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made sure to secure the local meridian by having a fine polished stone on which to
fix his instruments constructed at La Rochelle before his departure, then installed at
Cayenne on fortuitously placed millstones lying near his observatory.”

Though it seemed that Richer’s observations had been obscured by clouds, as in
the case of Montanari’s cometary work, Newton later wrote that this Frenchman’s
“diligence and caution seems to have been lacking in other observers”.®* The aim
was to establish a trustworthy value for the systematic difference in lengths between
what Newton began calling “isochronic” pendulums in France and the tropics. Cotes
first proposed taking “3 feet 81§ lines for the length of the Pendulum; for the French
sometimes make it 83, sometimes 82, & 81 is a mean betwixt these numbers”. A week
later, after meditation on “inconsiderable” variations in these measures, Cotes agreed
to swap 81§ for 82 because “the fraction is more simple & already in use amongst the
French”. But there were difficulties in simple reliance on French usage. Cotes told
Newton that some French delegates found seconds pendulums needed shortening
by somewhat more than his desired limit of 24 lines; somehow these reports needed
explaining, or explaining away.®! Furthermore, in 1684 the chief Parisian astronomer
Jean-Dominique Cassini had set out doubts about Richer’s work and thus gave the
instructions to the French travellers sent out to measure pendulum lengths: “by very
exact experiments made by the gentlemen of the Academy at Paris, at the Hague, at
Copenhagen and at London, the length of a pendulum which makes one oscillation
in one second has by everyone been found the same. Only at Cayenne has it been
found shorter, but it is doubted whether that might not have happened because of
some fault in the observation.”%*

Eventually Newton dismissed the astronomer Claude-Antoine Couplet’s measures
made during a voyage from France via Portugal to Guiana in 1697-98: “he is less
trustworthy because of the crudity of his observations.” Values from Gorée in West
Africa in 1682 and observations at Cayenne in 1700 were once again deemed “less
accurate”.®® Tropical heat and wind might affect pendulum length, as Newton and
Cotes knew. According to Newton all the French travellers agreed that pendulums
with the same period were shorter at the equator; what Newton and Cotes called a
“mean quantity [quantitas mediocris]” of data from across the West Indies and from
Gorée gave 2z lines for this shortening. “Because of the heat of places in the torrid
zone, let us ignore 4 of a line, and a difference of 2 lines will remain”. But “all
the difference in the length of pendulums with the same period cannot be ascribed
to differences in heat, nor can this difference be attributed to errors made by the
astronomers sent from France. For although their observations do not agree perfectly
with one another, the errors are so small that they can be ignored”. They claimed
that “the differences between the measurements” of different French voyagers “are
nearly imperceptible” — fractions of a line — “and could arise from imperceptible
errors in the observations”. A decade later, for the final edition of the book, Newton
decided not to publish a “mean quantity”, but instead expanded this useful appeal
to imperceptible but certain variability. “This disagreement might arise partly from
the errors of the observations, partly from the dissimilitude of the internal parts of
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the earth, and the height of mountains; partly from the different temperatures of the
air”. As the mathematics historian John Greenberg points out, Newton was “tinkering
with certain details of the theory in a qualitative way in order to justify observations
that did not accord with the theory”.%*

In the early modern information order, such tinkering and justification came at a
price. As example, in February 1712 Cotes told Newton to consult a recent report
by the well-travelled French priest Louis Feuillée on pendulum lengths measured
over three months at Porto Bello on the Panama isthmus in autumn 1704 and later
during more than eight months’ work at Martinique. Newton at once read Feuillée’s
reports and wrote them into a draft for Principia. But Feuillée’s measure for Porto
Bello was as much as 3 lines less than that at Paris, a larger difference than Newton
could tolerate: “he made an error in his observation”, Newton publicly stated in
Principia in 1713.% The next year Feuillée explained in print that the pendulum
measures he made at Porto Bello “though of little consequence did not give me
peace. I long searched for the cause without finding it. Sometimes I attributed it to
the great humidity caused by the rains, sometimes to the changes of the winds, and
at last I took a mean length [une moienne longueur] which I believed came close to
the true one”. He boasted, too, that his pendulum experiments used threads of silk-
grass and of iron and a reliable copper rod for length measures: “I had no doubt at
all about their difference.”

These remarks won attention when the celebrated natural historian Feuillée’s
probity was violently questioned by a French mariner and spy also just returned from
the Spanish colonies in the Americas, the military engineer Amédée-Frangois Frézier.
Frézier charged that the priest was too aged, his life too soft, to conduct properly
strenuous surveys and too devoted to “physics, botany and astronomy” to be of aid
to navigators. These attacks reached London readers in 1717, partly because Andean
and Pacific stories were of fascination to new investors in the ambitious South Sea
Company, partly because Frézier had dared criticize Halley’s celebrated charts of
compass variation.®” Feuillée reacted with fury, charging Frézier with geographical,
instrumental and theological errors in his surveys of the Americas and the South Seas.
He also took the chance to answer Newton’s criticisms of his work at Porto Bello.
The English mathematician ought to be aware of the notoriously humid climate: it
was impossible “to reduce to geometric rules a seasonal variation of length in variable
pendulums”. Newton allegedly had no proof of his claim that Feuillée’s observations
of “isochronic pendulums” were at fault, but had bluntly asserted their error to save
his “imagined hypotheses”, which had been produced “in a cabinet, sheltered from
the storms and bad weather that one must suffer in journeys made only to perfect the
Sciences and the Arts”. Frézier picked up on the elderly priest’s remarkable attack
on Newton’s seclusion and prejudice, since it confirmed that Feuillée’s “observation,
even if made with care, could not provide a certain determination”. Issues of instru-
ment use, survey work and the attribution by cloistered analysts of errors to remote
travellers were all at stake in such public and telling conflicts.®

In all these cases, relations between travel and seclusion were vital for the
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production of trust and certainty in global knowledge. Incorrigible variations of
humans and of creation were somehow used to explain away variations in measures.
Then these measures were used to attempt the projection of Newtonian uniformity,
to be assayed in its turn by French, Spanish and Swedish surveyors of the Earth’s
figure in northern Europe and south America during the 1730s. With the somewhat
forced co-operation of an anonymous native engraver, travelling astronomers had
the equatorial length of a seconds pendulum set in the wall of Quito’s Jesuit college
in marble, bronze, silver and gold. The permanently inscribed length was the “mean
[moyenne]” of “results that scarcely differed among themselves by more than g of a
line”. As their historian Neil Safier points out, troubles of long-range trust and control
continued to mark these travellers’ endeavours to achieve “scientific commemoration
at a distance”. As several historians have shown, it was only after immense labour
around instrumentation, observation, credibility and status that it became possible,
as Voltaire notoriously put it, to joke that remote delegates had found what the divine
Newton “knew without leaving home”.*

IN HEAVEN AS IT IS ON EARTH

Distant action depended on the resources of the early modern information order.
Recognizing these resources, judgement of instrumental data in Principia can be
compared with the treatment meted out to errant individuals during Newton’s Royal
Mint administration and to the way he read Scriptural and secular histories. In the same
years as he worked with Cotes to establish that measures of tidal heights or pendulum
lengths fell securely within the tolerable “limits” of his global models, Newton also
struggled with the so-called “remedy” that governed the acceptable range of assays
of coin weight and fineness regularly performed at ceremonial trials of his Mint’s
output. As the statistician Stephen Stigler has noted, exactly contemporary work
by the Master of the Mint on estimates of the lengths of ancient reigns, designed to
undermine exaggerated gentile claims to antiquity, also involved Newton in similar
puzzles of numerical estimation and credit.”® Newton found it useful reflexively to
read Scriptural history as full of tales of the travels of reliable knowledge and of
the deeds and sufferings of reliable testimony. It is significant that the apparently
immobile scholar was impressed by chronicles linking expert travel and sources of
true cosmology: “when the Egyptians applied themselves to Navigation, that they
might leave the sea coasts by which men had hitherto sailed & guide themselves in
the middle of the Seas by the Sun Moon & starrs, their kings and Princes & chiefly
their Admirals applied themselves to the observation of the heavens & the study of
Astronomy.”"!

Projects he pursued from at least the 1680s, when he began composing Principia,
helped him make sense of how travel and truth had divine warrant. He showed the true
cosmology had in ancient times been distributed worldwide by adept voyagers and that
in the millenarian world angelic travellers would freely navigate cosmic space. Neither
claim was entirely novel. The celebrated prophetic tag from Daniel 12:4 exploited
by Francis Bacon and his admirers, ““at the time of the end, many shall run to and fro
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and knowledge shall be increased”, was taken to indicate visionary links between
travel, truth and the last days. Newton could draw on somewhat familiar tropes of
the celestially ecstatic journey and the diffusion of ancient wisdom. But both claims
acquired peculiar importance as Newton constructed his own global system.

Newton helped devise a complex story of how pious philosophical travels had aided
the construction of the true world system. There had been true and ancient cosmology,
“the religion which Noah propagated to his posterity” as he put it in the 1680s during
the period just before the completion of Principia. This original cosmology described
a central Sun, an attractive force acting at a distance on planets, moons and comets,
sustained by a public cult of social virtue. These views, according to Newton, were
once distributed globally. They were commemorated and embodied in “prytanea”,
circular temples centred on altars for fire.”> For Principia and for his study of its
ancient theology, Newton read writings by Jesuits and Calvinists, antiquarians and
missionaries. Devoting to these scholars’ and travellers’ accounts of ancient monu-
ments from China to Ireland exactly the same techniques of collation and judgement
he directed at measures of comets, tides and pendulums, in exactly the same years
from 1683 into the 1690s and beyond, Newton argued that such cosmic models were
visible in Stonehenge, in Denmark and in Palestine, in the East Indies and China.”
Ancient travellers, such as Orpheus and Pythagoras, had early traded with the Egyp-
tians, thence taken their cosmology. Voyagers spread the true doctrine as they travelled
land and sea. Corruption set in, with the doctrine of solid spheres, geocentrism and the
resultant false worship of dead monarchs and the evil tyranny of monkish superstition,
when these migrations ceased and the gentiles lapsed into paganism. Some of this was
already interpolated in 168485 in the opening sections of Newton’s initial drafts of
Principia’s final book, “The system of the world”, as a lengthy preface to his public
treatment of tide and comet data from mariners and mathematicians.*

We see this process of divine validation of global data management in the most
celebrated additions to Principia’s second edition. In 1713 some ‘“hypotheses”
adapted from his rules for interpreting the Book of Revelation, then prefaced to the
third book in 1687, were reworked as regulae philosophandi. The second rule stated
that “to the same natural effects we must, as far as possible, assign the same causes.
As to ... the descent of stones in Europe and in America”. So Newton here made
this principle a prudent instruction to natural philosophers rather than one derived
from Nature. Principia, in this sense, was a handbook for travellers.” Then he also
wrote a final General Scholium to answer his rationalist critics with a clear account
of God’s agency in natural philosophy. Using his massive research on the scriptural
and prophetic texts concerning God’s rule, Newton now publicly argued that God’s
supreme authority, rather than His wise plan, was the guarantee of the constancy and
uniformity of Nature.”

Newton’s pragmatic rule of philosophising at the start of the book suggested that
natural philosophers should assume that stones fell for the same reason in Europe and
America. But it was the supreme authority of Newton’s God, underlined at the book’s
end, which made this assumption true. That deity underwrote the meaning and power
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of the knowledge regime imagined by natural historians and natural philosophers
alike, in Europe and in America, and thus throughout creation. In the 1680s, as he
began work on the Principia project, Newton made long notes on the geography of the
heavenly city. For Newton, as for his contemporaries, divine uniformity underwrote
created variety, so helped the knowledge regime of which Principia is the towering
achievement: “As all regions below are replenished with living creatures ... so may
the heavens above be replenished with beings whose nature we do not understand.”
The heavenly regime outlined by Newton was an intrinsic component of his informa-
tion order. This eloquent passage, ipsissima verba, gives a juster image than that of
seashells on the shore. It indicates how Newton himself saw the intimately related
virtues of converse, travel and dominion, in Heaven as it is on Earth:

As the Planets remain in their orbs, so may any other bodies subsist at any dis-
tance from the Earth, and much more may beings, who have a sufficient power
of self motion, move whether they will, place themselves where they will, and
continue in any regions of the heavens whatever, there to enjoy the society of
one another, and by their messengers or Angels to rule the Earth and converse
with the remotest region.... And to have thus the liberty or dominion of the
whole heavens and the choice of the happiest places for abode seems a greater
happiness than to be confined to any one place whatever. *7

Stories about the information order of the Principia might help show how such
localized distribution ever happens. It might also make sense of the celestial transcend-
ence then attributed to such reasoning and what kind of “dominion” it involved. It
would give a better genealogy for the fascinating relation between social mechanisms
of testimony and the moral status of “confinement”. Within months of Newton’s
death, the Scottish poet James Thomson imagined the great man’s “arrival on the
coast of bliss”, his “dread discourse” with angels, and his travels, “mounted on che-
rubic wing, comparing things with things, in rapture lost”. Thomson’s verses were
somewhat commonplace Augustan themes, but neatly and influentially transferred
the Newtonian information order to the heavens.”

Enlightened and imperial British culture made much of Newtonian natural philoso-
phy, the information order of the world economy and the celestial plan. However, it
seemed equally important to keep global travel and spiritual voyaging quite separate.
The very status of genius seemed to depend on adepts’ isolation and the virtues of
genius evident in planetary triumph. The balance between Newtonian apotheosis and
such voyages stayed current. One of Thomson’s later readers, the Cambridge graduate
William Wordsworth, then adapted his lines on “the noiseless tide of time” and ““vast
eternity’s unbounded sea” for much greater purpose. Wordsworth famously added a
couplet to the final version (1850) of his 1805 Prelude, evoking Newton’s immobile
statue in Trinity College Chapel, “the marble index of a mind for ever / voyaging
through strange seas of Thought, alone”.”” The aim here has been to show that the
successes of this strangely cognitive voyage depended on the fact that Newton was
not and could not be, in any significant sense, alone.
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