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As many historians have remarked, the new philosophy of the seventeenth cen-
tury self-consciously privileged the depiction and description of things and events
over discussion and debate between antagonists. But new “matters of fact” were
often unpredictable, strange, or anomalous, things that could never have been
constructed from learned argument.' Because they could be discovered only
through observation or investigation, the truth or error of reports about new
matters of fact could not be judged according to reason alone. Establishing new
knowledge about nature therefore depended upon multiple and sometimes am-
biguous ways of judging the reliability of testimony about matters of fact.
One method of establishing reliable testimony has elicited a great deal of
historical work in recent years: the creation of strong social bonds among commu-
nities of investigators. Robert G. Frank, Jr, for instance, emphasized the tech-
niques of investigation that William Harvey acquired and utilized, which he
communicated personally to others in England with whom he worked closely.
The people who imbibed his “tacit knowledge” at Harvey’s feet became a circle
of Harveians, which slowly broke up after his death.? Other historians have em-
phasized a somewhat different kind of close community: societies of gentlemen
who witnessed demonstrations or observations together and could collectively
vouchsafe their veracity. Published communication about what had taken place
within these closed circles often stressed the reportage of “virtual witnessing”
to create the impression in readers of having been there, too.? Still others have,
in different ways, stressed social status as a guarantor of credibility: whether
the gentlemanly status of the main body of Fellows of the Royal Society, the
aristocratic status of an investigator’s patrons, the social legitimacy of a reli-
gious order or university faculty, or the etiquette and honour of courtly life,
social prestige is said to have established the credibility of matters of fact as-
serted by members of a group.* Such views suggest that an élite established
credibility within their powerful but closed circles, and then communicated what
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they agreed upon to others as true matters of fact.

Whether intended or not, many of these approaches have implicitly left the
impression that the new philosophy was created within closed circles: that like
Francis Bacon’s “Lamps”, “Inoculators”, and “Interpreters of Nature”, a small
cadre of insiders determined what counted as truths of nature. But Bacon’s New
Atlantis, like Hobbes’s Leviathan, was written for a monarch with pretensions
to absolutism and the desire to control ideas and events. As it happened, how-
ever, hosts of people, of many different social and geographical locations, were
involved in the establishment of matters of fact. For example, despite a reputed
disdain for businessmen among the English gentlemen, the straightforward ac-
counts of merchants were on occasion counted among the models of creditwor-
thiness, even for the aristocratic Robert Boyle: “you will be invited to look on
this account, though not yet as compleat, yet as very sincere, and on that score
Credible”, he wrote, not because it was written by a philosopher “to broach a
Paradox, or serve an Hypothesis”, but because it was set down “by a Merchant
or Factor for his Superiors, to give them an account of a matter of fact”.> By
emphasizing the relationship between sincerity and credibility, Boyle may have
been playing on the ancient notion that simple people were not prejudiced by
theory or clever enough to lie credibly.

Michel de Montaigne elaborated this point in his famous essay on cannibals.
There he reported as true what his servant told him after having spent ten or
twelve years in Brazil, explaining: “This man I had was a simple, crude fellow
— a character fit to bear true witness; for clever people observe more things and
more curiously, but they interpret them; and to lend weight and conviction to
their interpretation, they cannot help altering history a little.... We need a man
very honest, or so simple that he has not the stuff to build up false inventions
and give them plausibility; and wedded to no theory. Such was my man....”¢ The
mark of truth might come from first-hand reports more generally (as in the case
of Gonzalo Fernéndez de Oviedo’s or Bartolomé de Las Casas’s accounts of the
New World’), or from someone who had a maker’s knowledge of a thing.® In
this spirit of valuing direct and first-hand testimony of the unsophisticated, Boyle
might declare that many useful medicines might be found “from the writings of
so ingenious a people as the Chineses” as well as by following up on the prac-
tices of “Midwives, Barbers, Old Women, Empericks, ... and partly by the Indi-
ans and other barbarous Nations”.’

It is therefore important to broaden the discussion of credibility to include
many factors well beyond those of closed circles or high social status. Formal
and informal institutional arrangements, and social relationships, were impor-
tant in the development of the new philosophy,'® but as the examples above
suggest, élite virtuosi such as Boyle might well accept reports from people he
had never met as true, even from those half-way around the world whose writ-
ings he could not read, or even from “old women” down the street with whom
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he might never exchange a word socially. Boyle’s acceptance might indeed con-
stitute acts of appropriation, but he was nevertheless aware of taking knowl-
edge from those outside his immediate social circle.

Attention to the ways in which matters of fact were communicated becomes
of especially pressing importance if one wishes to approach the development of
the new philosophy as an international movement. Local and personal witness-
ing of experiments might indeed help to create bonds of trust among members
of the Royal Society in London, but different milieux created different patterns
of local investigation and reporting elsewhere in Europe.!! Moreover, as the
case of Antoni van Leeuwenhoek reminds us, foreigners who had never visited
the Royal Society of London — who even spoke no Latin, French, or English,
and who had no gentlemanly status — might be made members of the Society.
They too might have the results of their investigations read in meetings and
reported in the Philosophical transactions, and they might be considered to be
leading practitioners of the new philosophy. Despite differences among the so-
cial sites for the production of knowledge, and despite differences among the
social ranks of the virtuosi and savants, credible information and ideas spread
widely throughout Europe. Without the ability to place trust in reports of mat-
ters of fact that had not been personally experienced by people like oneself, the
new philosophy would have remained fragmented and isolated in local social
and geographical spaces.

The concept of networks suggests an alternative to thinking in terms of cir-
cles and classes. Some of Bruno Latour’s work, for instance, has used network
theory to open up the closed circles of a local laboratory to include a variety of
people and products (even non-human actants) in the making of knowledge.'? A
further stimulus comes from modern social network theorists.!?* Indeed, one of
the most useful observations for the analysis below was made by Mark
Granovetter over twenty years ago. Granovetter noted that most investigations
into social networks have taken strong ties for granted, studying the ways in
which close friends and kin of one neighbourhood or another interact and ex-
change words. He noticed, however, what he termed “the strength of weak ties”.!*
When people sought employment, for instance, they often received a great deal
of crucial information from acquaintances rather than from those within their
inner circle.

One of Granovetter’s more intriguing findings on social networks appeared
in the observation that information or rumour might circulate quickly among
the members of a group, but seldom entered or exited a group by means of
strong ties. The explanation for this observation attributes the pattern to the fact
that strong social ties often close people in tight circles of interaction. Granovetter
noted, therefore, that “whatever is to be diffused can reach a larger number of
people, and traverse greater social distance ... when passed through weak ties
rather than strong”. Drawing on a study of “hysterical contagion” in a southern
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textile plant, Granovetter further generalized that the most influential innova-
tors tended to be “individuals with many weak ties”, since they were “best placed
to diffuse” their ideas. Put another way, “Weak ties are more likely to link mem-
bers of different small groups than are strong ones, which tend to be concen-
trated within particular groups”. Paradoxically, then, “weak ties, often denounced
as generative of alienation ... are here seen as indispensable to individuals’ op-
portunities and to their integration into communities; strong ties, breeding so-
cial cohesion, lead to overall fragmentation”.'®

Several urban language studies have reiterated the importance of Granovetter’s
observation on the significance of weak ties. Sociolinguistic findings in both
Philadelphia and Northern Ireland, for instance, “emphasize the need for ac-
knowledging the importance of loose knit network ties in facilitating linguistic
innovations”. An inverse correlation appears to exist between stable communi-
ties bound by strong ties and linguistic change: linguistic change occurs — and
has occurred — most rapidly in communities with multiple weak ties.'s Lin-
guistic “innovators” tend to be marginal, whereas the “early adopters” are more
socially central.!” Social network theory therefore not only (a la Latour) points
to the importance of links between people in multiple social and geographical
locations, but suggests that new information and ideas, like new words, tend to
come from people with many weak social bonds.

In the material that follows, we seek to explore the workings and possible
significance of weak ties in the international exchange of scientific information
during the late seventeenth century. Our primary aim is to suggest that weak
ties furnished the basis for a communication strategy that addressed the prob-
lems created by new “matters of fact” reported by observers of untested cred-
ibility. In a sense, communications based on weak ties met one of the problems
of communicating with “strangers” by incorporating individuals into personal
networks of weak ties maintained by correspondence.'® Effectively, the virtuosi
of the late seventeenth century dealt with the difficulties of knowledge reported
by strangers by establishing contacts that created at least a minimal level of
personal relationship.

Tracing out the workings of communications based on weak ties will lead us
to consideration of their significance. Certainly, as the circles, societies, and
academies of the late seventeenth century took shape and began to work toward
the dissemination of scientific knowledge, we should expect to see some evi-
dence of change in communications networks based on weak ties. In fact, such
appears to be the case, as the correspondence of Henry Oldenburg and others
reveal in conjunction with the passing of scientific information in the period
before and after the founding of the Paris Academy of Sciences. We will exam-
ine the importance of weak ties, how they were established, and how they worked
not only to convey new matters of fact but to establish their credibility. Our
examples focus mainly on how English virtuosi communicated with people across
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the Channel, but we also venture some larger generalizations in the conclusion
about the significance of these patterns for understanding early modern scien-
tific organization. It is arguable that without the proliferation of weak ties, the
international movement called the scientific revolution could never have hap-
pened.

TRAVELLING, PERSONAL CONTACT, AND CREDIBILITY

That credibility as well as information flowed from one site to another grew
from interpersonal trafficking in the “philosophical commerce” of the day. Just
as with the flow of coin, the flow of information needed to be examined care-
fully before being accepted, for it might well be clipped, debased, forged, or
otherwise worth less than it appeared. Moreover, as with merchants, so with
philosophers: travel not only brought them in touch with new knowledge and
things but established the personal credit upon which international exchanges
could take place. During visits, people of learning not only traded information
but sized each other up and decided whether to trust one another as accurate
judges of natural events. From these personal contacts grew in turn the net-
works of correspondence that sustained the philosophical commerce over longer
stretches of time and place. Travel, more than any other activity, established the
weak ties by which knowledge could be exchanged.

Many examples can be brought out to illustrate the ways in which informa-
tion and credibility flowed through weak ties established by travel. Let us begin
with one that linked Java, the Netherlands, and England. It concerns the “dis-
covery” of moxibustion by Hermann Busschoff, a Calvinist minister newly resi-
dent in Batavia (now Jakarta), then the capital of the Dutch East Indies. Busschoff
had suffered for many years from the gout. He finally allowed his wife to per-
suade him to seek help from a local “Indian doctress” who reputedly had a
method to treat his condition. On his toe, this woman burned moxa, which he
described as “a very soft and woolly substance, made by a very skilful prepara-
tion out of a certain dried Herb”, formed into “a little pellet ... which is scarce
of the bigness of a small white pea, at one end somewhat sharp, and at the other
end flat”, placed with the flat end on the skin and then set alight. It quickly
burned, leaving only a bit of oil on the skin. He quickly found relief from the
pains of his gout by this method.”

Busschoff sent a manuscript explaining this therapy to his son back in Utrecht,
along with samples of the moxa. When his son published the treatise in Dutch
in 1674 to develop a market for the moxa, Constantijn Huygens, Secretary to
the Prince of Orange, was among those who noticed. He wrote to Henry
Oldenburg at the Royal Society, sending along a copy of the book.” The Royal
Society had already heard a vague report about the use of moxibustion in Japan
communicated via the Dutch,?" so when the virtuosi heard Huygens’s report
about Busschoff’s method, they asked that a translation of Busschoff’s treatise
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be published (which appeared in 1676 along with a treatise by one of the noted
Amsterdam surgeons).”? Huygens also struck up a correspondence with Busschoff
himself,?® while recommending the use of moxibustion for the gout to the Eng-
lish ambassador in The Hague, Sir William Temple, who also experienced relief
from it.2* The Dutch microscopist Antoni van Leeuwenhoek quickly turned his
attention to investigating moxa with his little lenses, sending a report to the
Royal Society.? The interest among the virtuosi in moxibustion also soon led
Thomas Sydenham to mention it favourably in his book on the gout,*® while
physicians in Germany began to use it with apparent success, t00.%’

The story above is generally about how a medical practice used in Asia came
to be adopted for a time in England. It began with a minister’s willingness to let
his wife talk him into trying something new; in a sense, we begin with a strong
tie. On the other hand, the name of the local practitioner who treated him was
never mentioned, certainly suggesting what might be called a weak tie between
the two; the relationship between wife and practitioner is not known.?® The min-
ister transmitted the account of his treatment to his son in the Netherlands, as
well as in conversation to friends in Batavia: more close ties. But there it might
have ended, had not a web of weak ties, all founded on personal meetings, brought
it to the attention of other groups.

Busschoff’s treatise was printed and fell into the hands of strangers; some of
them in the Netherlands tried it out, tried to find out more about the practice
and the reporters of the practice by drawing on their connections to visit the son
and strike up a correspondence with the minister. They informed their acquaint-
ances elsewhere and locally, including their English acquaintances, about a new
matter of fact; the English in turn used their own ties to gather more informa-
tion about the practice and about those who reported its success; and after hear-
ing from many credible people about its beneficial results, they accepted the
new remedy as a good one. Weak personal ties established between people in
England and the Netherlands, between people in the Netherlands and in Batavia,
and between the Dutch élite and ordinary local people in Batavia, lay behind
the public acceptance of a new medical treatment; these weak ties were in turn
founded on personal encounters that developed from geographical mobility.

The geographical mobility of early modern people was great. From the Mid-
dle Ages through the early modern period, students and scholars, like merchants,
journeymen, and job-seekers, had often taken to the road.” The peregrinatio
academica and related kinds of travels were crucial both to individual personal
development and to the spreading of knowledge.’® A few prominent examples
will remind us of the personal toing-and-froing between England and the Con-
tinent to gather knowledge. Large numbers of early modern English and Scot-
tish students travelled abroad for their educations, seeking out Italian, French,
Flemish, and Dutch universities. Thomas Linacre and other Henrician human-
ists brought back the latest scholarly techniques from Italy. A few decades later,
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the young John Dee travelled to Louvain to study mathematics with the noted
Gemma Frisius. He brought back not only news of novel methods for applying
mathematics to nature, but a brass astronomer’s staff and brass astrolabe in-
vented by Gemma, and two globes — one of the heavens and one of the earth —
made by Gemma’s pupil, Gerard Mercator.3!

Others brought back not only new learning and instruments, but the tacit
knowledge learned only from working under the tutelage of an adept. William
Harvey learned several important techniques in Italy — such as vivisection and
ligation — and brought them back to London. He then passed them on to his
followers.*> Knowledge about how to construct an air pump travelled by news-
letter from England outward, but its replication and calibration had to be car-
ried out by personal inspection.* Travel also stimulated emulation: the London
College of Physicians was in part inspired by Italian examples, as the Royal
Society may later have been, while a delegation of French and Dutch savants in
turn visited the Royal Society in 1663, helping to provoke the foundation of the
Paris Academy of Sciences.** Furthermore, the wars of the seventeenth century
caused large migrations between Britain and the Continent, transforming the
peregrinatio academica into something closer to a general movement: Jan
Comenius, Samuel Hartlib, and Henry Oldenburg came to England during the
Thirty Years’ War, and Thomas Hobbes, the Cavendishes, and many others, in-
cluding Charles Stuart himself, fled to France and the Low Countries to avoid
war and revolution in England. The former group brought the latest Central
European enthusiasm for grand learned projects with them, while the latter
learned about corpuscularianism in France and the Netherlands.*® This massive
exchange of people caused many to take up new practices and ideas. For in-
stance, one of the Scottish royalist exiles, Sir Robert Moray, spent his time in
Maastricht immersed in alchemy; after his return in 1660, he worked with the
king in the laboratory that Charles constructed in the palace at Whitehall.** The
mass royalist exile of the 1640s and 1650s firmly established the English ver-
sion of the Grand Tour, on which young gentlemen and aristocrats of all sorts
(and a few ladies) travelled through France to Italy and back, taking note of
worthy matters and sometimes even meeting scholars.?’

Travel helped to shape three things: learning, experience, and judgement.
The movement of philological techniques of scholarship among European re-
gions during the Renaissance depended upon scholars from northern lands trav-
elling to Italy to learn from the great humanists, so that by the later sixteenth
century, northerners like Petrus Ramus and Justus Lipsius made travelling for
learning a foundation-stone of their educational views.?® In that spirit, among
the committees established by the Royal Society of London in the 1660s was
the Correspondence Committee, which not only began to collect information
from foreigners; it also began to run through the published reports of voyages
in order to collect new matters of fact, and it drew up various questions and
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instructions for people travelling abroad so that they would bring back accurate
and useful information from their experiences.** Some even argued that knowl-
edge could be gained through the transformative experience of travelling itself.
The Danish Paracelsian scholar Peter Severinus urged his readers to “sell your
lands, burn up your books, buy yourself stout shoes, travel to the mountains,
search the valleys, the deserts, the shores of the sea, and the deeper depressions
of the earth”.* In a similar vein, Francis Bacon declared that “Travel in the
younger sort is part of education; in the elder a part of experience”.* Meetings
with people outside one’s otherwise closed social circles during travel might
even cause fundamental shifts in judgement. Marin Mersenne, for instance, be-
came convinced during a trip to the Low Countries that people of good charac-
ter might be excellent scholars even if they held to a different faith.*? Tutors
who took the sons of lords and gentlemen on study tours were therefore in-
structed to make sure that they did not limit themselves to educating their pu-
pils in reading and writing alone; they were to develop their pupil’s judgement.
“[1]t was important to ‘study men as well as books’, to use the terms of Edmund
Verney’s father, or otherwise his son’s ‘learning [might] make him rather ri-
diculous than esteemed’. Lord Burghley too informed his son’s tutor [before a
trip abroad]: ‘I mean not to have him scholarly learned but civilly trained.””*?

During the course of travel, many new acquaintances were made. Introduc-
tions to eminent people would be sought, but more ordinary people were en-
countered as well. For many, the personal meetings that resulted from travel
established multiple weak ties that provided the foundation for later correspond-
ence (to which we turn below).

They also helped people to evaluate matters of credibility. One of the most
important ways to judge whether a report was true or not, of course, was to
judge the veracity of the reporter. While people naturally included rank and its
associated behaviours in the calculus of judging character — seventeenth-cen-
tury Europeans did not even pretend to equality — they also noted other out-
ward signs (such as bearing, dress, and cleanliness), inward attributes (such as
demonstrated reliability, moral probity, experience, or even simplicity), and re-
ligious belief.** As Sir Matthew Hale put it, English juries had to judge the
credibility of witnesses, noting not only their “Quality” but their “Carriage,
Age, Condition, Education and Place of Commorance” [i.e., residence] as well,*
and these and other considerations were commonplace for judging people. On
the other side of the coin, outward signs of poor character pointed to likely
fraud or cheating.

Character and characteristics were linked. Medical quacks, for example, could
best be recognized not from bad medicines but from bad behaviour. Doctor
Eleazar Duncan advised a gentleman to beware practitioners who exhibited “lo-
quaciousness”, “haste”, “forwardness”, and “boastfulness”.* In the literature
of the period, the connections between inner attributes and outward marks were
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constantly used to create drama: Shakespeare’s Richard III is perhaps only the
most nasty physical example of a crafty and mendacious nobleman, while vari-
ous simpletons who acted as they ought might (like King Lear’s jester) speak
truth to power. Consequently, in order to know someone’s character, judgements
needed to be made that ordinarily took shape only on the basis of personal in-
teraction or on the basis of knowledgeable character witnesses. The meetings
that took place during travels therefore established acquaintances and friend-
ships that could be mobilized in the interests of establishing the credibility of
persons, and by implication the credibility of what they reported.

Consequently, when reports from strangers arrived among groups of virtuosi,
they often found it desirable to check on the character of the reporter, which
they did by mobilizing their weak ties. For instance, at the meeting of the Royal
Society of London on 18 January 1682, one the Fellows, Theodore Haak, brought
in and read a Latin letter from Willem Ten Rhijne, a Dutch physician practising
in the East Indies at Batavia, written to the recently deceased Henry Oldenburg.*’
In it, Ten Rhijne asked to be informed of events in England, and gave a brief
account of some observations he had made on the use of moxibustion*® and
acupuncture among the Japanese, on which he said he could elaborate. He wanted
to know whether the Royal Society would be interested in publishing the manu-
script he had written on the subjects.* Given the previous interest of the Dutch
and English in moxibustion, and the vague reports of acupuncture that had also
circulated, the virtuosi pricked up their ears.

Despite their enthusiastic interest, however, they first set out to ascertain
whether the letter had come from a person who could be trusted to tell the truth.
In anticipation of this, Ten Rhijne had not only signed his letter with his creden-
tials (M.D. and member of the governing Council of Justice for Batavia); he
established a person-to-person connection. Ten Rhijne wrote the virtuosi that
they could find out more about him by talking to one of his friends, a Dutch
physician and surgeon working in London, Joannes Groenevelt. Before they
went any further with regard to Ten Rhijne’s letter, therefore, the virtuosi in-
structed one of the Society’s secretaries, Francis Aston, to talk to this interme-
diary.® At the meeting of the Royal Society of the following week, Aston and
another Fellow, John Houghton, reported having met with Groenevelt, who both
confirmed that Ten Rhijne was a physician holding posts of great responsibility
in the Dutch East Indies and added that he had also been a star pupil of the great
Leiden chemist and professor of medicine, Frangois de le Boé Sylvius, who
was already known to members of the Royal Society. Having thus had assur-
ances of Ten Rhijne’s good character and ability, the members of the Royal
Society took him up on his offer, began a direct correspondence with him, and
printed his book on moxibustion and acupuncture in London.5!

Thus, behind the networks of correspondence that covered much of the globe
in the early modern period lay personal contacts, usually weak ties. Given the
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real interest of the virtuosi in moxibustion, the Royal Society might have au-
thorized its secretary to reply to Ten Rhijne without any references, but such a
practice would have risked placing their faith in someone of an unknown char-
acter. While the new philosophy was meant to be demonstrative and public, not
all eyes counted equally. The question of whose reports to trust could be best
resolved by judging the person. But while social rank and educational creden-
tials counted heavily, trust was best built on personal visits — even at second or
third hand, as when character references came from an intermediary who had
already been judged worthy. At the bottom of the new philosophy, then, one
finds visits, even when letters arrived from half-way around the world.

Written correspondence therefore ordinarily presumed personal connections,
even if at one or two removes. For instance, one of the Royal Society’s most
famous foreign correspondents was Antoni van Leeuwenhoek. Leeuwenhoek
had been introduced to the Royal Society by the Dutch physician Reinier de
Graaf (already well known to Oldenburg through other intermediaries) in a let-
ter to Oldenburg of 28 April 1673. A fellow citizen of Delft, De Graaf had
pressured Leeuwenhoek into putting his early microscopic investigations on
paper. Therefore, enclosed with De Graaf’s letter of reference was
Leeuwenhoek’s first written report of an observation with his single lens micro-
scope.>?

The virtuosi discussed Leeuwenhoek’s letter at their meeting on 7 May, and
Oldenburg printed it in his Philosophical transactions of 19 May. But true to
form, fascinating observations from an unknown person, even someone intro-
duced by a person of De Graaf’s stature, would not suffice to assure the virtuosi
of the accuracy of his representations. Following De Graaf’s letter introducing
Leeuwenhoek, then, some influential members of the Royal Society tried to get
further information about this unknown amateur observer. Constantijn Huygens,
the Secretary to the Prince of Orange, consequently paid a visit to Leeuwenhoek
on behalf of his English colleagues — even in the midst of the Third Anglo-
Dutch war — and wrote a report about him back to Robert Hooke on 8 August
1673. Huygens had not only a weighty personal reputation because of his posi-
tion, but was well known personally to many of the English virtuosi, having
received many English visitors and having visited England several times him-
self, most recently as a member of the delegation that visited the Royal Society
for a considerable time in June 1663. Huygens wrote that he had found
Leeuwenhoek to be “a modest man, unlearned both in sciences and languages,
but of his own nature exceedingly curious and industrious”. After describing
Leeuwenhoek’s microscopical method, Huygens returned to a description of
the man, saying that Hooke would “not be unpleased with confirmations of so
diligent a searcher as this man is, though always modestly submitting his expe-
riences and conceits about them to the censure and correction of the learned”.
Only after this second personal confirmation of Leeuwenhoek’s good character
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did Oldenburg invite him to communicate his observations regularly.
Leeuwenhoek afterwards sent his observations in letters in Dutch to Oldenburg,
which various members of the Royal Society translated into English before pub-
lication in the Philosophical transactions, while Fellows of the Royal Society
visited Leeuwenhoek when travelling in the Netherlands: Thomas Molyneux,
Hans Sloane, and Francis Vernon among others.>*

In addition to establishing personal connections with the London virtuosi
(which were clearly of a weak rather than strong variety), Leeuwenhoek and
others found it fruitful to mention reputable witnesses of their most important
experiences in communications to the Royal Society. Leeuwenhoek’s letter of 7
September 1688, for example, was very excited: he announced that he had ob-
served the circulation of the blood in the “external gills of young frog’s larvae,
in the tail of older larvae and in the ends of the toes of young and adult frogs”.
The capillaries had been discovered by Marcello Malpighi in 1661, and had
been seen by Leeuwenhoek in late 1683 through the examination of dead speci-
mens; in his observation of 1688, however, Leeuwenhoek actually saw the blood
streaming through the capillaries. He considered this one of his most important
discoveries. Consequently, he carefully mentioned in his letter five witnesses,
including his neighbour, the Dutch natural philosopher Cornelis ’s Gravesande,
the local magistrate Cornelis Vallensis, and Anthonie Heinsius, later the Grand
Pensionary of Holland. None of these people were co-investigators or expert
microscopists, but all had reputations beyond reproach and therefore stood as
character witnesses who could vouch for the credibility of Leeuwenhoek’s re-
port.>

Once one becomes aware of how important personal judgements of one an-
other were to the virtuosi’s pursuit of the new philosophy, the letters and printed
texts of the period begin to take on new colourations. An examination of the
correspondence of Henry Oldenburg reveals that virtually all of the letters sent
to him began through a personal contact. For instance, the printed correspond-
ence for the year from 1 January to 31 December 16635, consists of 114 letters.
Somewhat over half (sixty-seven) were sent to Oldenburg rather than being from
him. Of these sixty-seven incoming letters, about a quarter (seventeen) came
from eight foreign correspondents, the rest being from Englishmen.’” Of these
eight foreign letter-writers, three were French: Adrien Auzout wrote Oldenburg
six letters,’® and Henri Justel and Pierre Petit wrote one letter each.*® All three
of the Frenchmen had begun their connections with Oldenburg in previous years,
during Oldenburg’s period of residence in France. Two correspondents were
Dutch: Christiaan Huygens and Benedictus Spinoza.®® Both the Dutch corre-
spondents had long been known to Oldenburg, the first through Sir Robert Mo-
ray, the second from a personal encounter in Holland. Oldenburg also heard
from three Germans: Johann Hevelius, Johann Daniel Major, and Philipp Jacob
Sachs von Lewenheimb.®! Oldenburg’s correspondence with the astronomer
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Hevelius had been initiated by him in 1663 at the request of members of the
Royal Society who knew Hevelius through personal networks.

Of the eight foreigners writing letters to Oldenburg, then, only two first ini-
tiated contact in 1665: the two German physicians, Major and Sachs. Both were
members of the German Collegium Naturae Curiosorum, a loose society of in-
vestigators of nature from the various German provinces:*> Major came from
Breslau, Sachs from Hamburg. Both men, however, wrote to Oldenburg only
after another member of the Collegium, Theodorus Jacobi, also of Hamburg,
had visited the Royal Society at the behest of a Senator, Mr Hofmann of
Hofmanswaldau. Jacobi returned from London with news that the virtuosi had
heard of the Collegium from Sachs’s book,* and he had told Oldenburg about
Major and Sachs. Upon returning, then, Jacobi orally passed on Oldenburg’s
invitation to begin a correspondence, resulting in the two letters. The two new
foreign correspondents of 1665, then, began to write Oldenburg at Oldenburg’s
own request, following a visit to London on the part of a colleague who could
vouch for both sides of the connection.

With this general picture of Oldenburg’s correspondence as broadening bit
by bit through personal contacts, one can see the correspondence of “the Royal
Society” growing not so much from impersonal reputation as from travel.** As
people from the Continent visited England, or as English virtuosi travelled on
the Continent, new connections were established in a widening network. The
Royal Society’s foreign correspondence had, then, begun with the (often weak)
personal relationships brought by Oldenburg and other foreigners to England,
or developed by English royalist exiles living in France, the Netherlands, and
Germany during the interregnum.

Gradually, based upon acquaintances vouching for the credibility of others,
letters began to be exchanged, widening the network of weak ties. Italy, for
instance, was opened to the Royal Society slightly through the residence of
John Finch and Thomas Baines in Florence from 1659 to 1672, more by the
visit of Magalotti to London in 1668, and the custom of the Grand Tour.* In this
sense, the Oldenburg correspondence began like the personal correspondence
of the great communicator Marin Mersenne or other savants, only gradually
becoming something more like the official correspondence of a society.* As his
associates in the Society heard of other virtuosi through their own networks,
Oldenburg became introduced to new people: but only after they were vouched
for by people he trusted. Similarly, there was never any official correspondence
of the Accademia del Cimento, since communications were carried on by its
members privately with their own acquaintances, or through the diplomatic agents
of the Grand Duke.?’

The overwhelming preference for establishing personal relations in order to
establish a correspondence is apparent in the frequent letters of reference that
passed among acquaintanceships that constituted networks of weak ties. For
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example, during Locke’s exile in the Netherlands, one of his Dutch friends asked
him to pass on a letter to the noted medical professor of Montpellier, Charles
Barbeirac, with whom Locke was corresponding after having previously visited
that city. “[T]o which please be kind enough to add a letter of introduction
recommending me as a worthy person to such a celebrated medical practitioner,
for I should much like to correspond by letter with such a great man.”®® So it
went: friends introduced others into their circles, vouching for them and ex-
tending the networks.%

One final example is an exception to prove the rule: the case of how Oldenburg
began a correspondence with Marcello Malpighi. By 1667, Malpighi had earned
a local reputation as one of the most important naturalists of Italy. Several for-
eigners tried to see him when visiting Italy, including Henry Sampson, an Eng-
lish nonconformist minister and brother-in-law of the noted English naturalist
Nehemiah Grew. With a letter of introduction from Girolamo Barbato, Sampson
tried to see Malpighi on several occasions, being disappointed each time by
finding Malpighi out visiting patients. Called home before he could meet
Malpighi personally, Sampson left him a flattering written message asking him
to pass on his work to him in England, promising in turn to inform Malpighi of
the work being done by the English. Shortly after Sampson’s return to England,
Oldenburg wrote to Malpighi inviting him to take up a correspondence with the
Royal Society — which Malpighi did.” Neither Sampson nor Oldenburg had
met Malpighi directly, yet Sampson had gotten close: his scholarly contacts in
Italy had told him about Malpighi and obtained for him a letter of introduction.
In effect, Oldenburg had good evidence of Malpighi’s fine character at three
removes — but Malpighi’s reputation was so good that even at three removes
Oldenburg could invite a correspondence with him. After the correspondence
between Malpighi and Oldenburg had begun, when Grew wished to address
Malpighi he sent messages through Oldenburg rather than directly, as a Mem-
ber of Parliament might address the Speaker rather than another Member. Such
was the nature of weak ties: they reached many more people than the inner
circle of, say, the Royal Society, linking people of different groups as far away
as the East Indies, and establishing paths for assessing the personal credibility
of reporters as well as conveying information.

SPREADING INFORMATION

Personal meetings therefore often established the weak ties upon which corre-
spondence could be established. Re-reading the intellectual correspondence of
the seventeenth century in the light of how such weak ties helped to spread
information and credibility points to the importance of certain kinds of infor-
mation contained in them that would otherwise be missed. By looking at how
matters of fact crossed Henry Oldenburg’s desk in a particular episode, we can
begin to see how networks of weak ties could come to focus on specific
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individuals who passed information between different networks of correspond-
ence. These individuals, such as Oldenburg himself, who furnished the points
of overlap between correspondence networks seem to have served as nodal points,
allowing very broad reach in gathering and disseminating information. The par-
ticular case that illustrates this pattern of nodal points in overlapping networks
of correspondence extremely well involves an optical instrument known as the
“Burning-Mirror of Lyons” that captured the attention of Henry Oldenburg and
many others during the summer and early autumn of 1665. Oldenburg was de-
termined to produce an authoritative account of this burning mirror for his Philo-
sophical transactions, and his efforts have left a record that clearly shows the
workings of both weak ties and the nodal points that could emerge in overlap-
ping networks that spanned very broad geographical areas.

Savants in Paris had already discussed reports of a burning mirror in Lyons
and checked the accuracy of the accounts through their own personal networks
by the time Oldenburg heard of it through his Parisian correspondents. The first
detailed account of the mirror came to Oldenburg in the form of a copy of part
of an unsigned letter dated 28 July 1665 [N.S.] that originated in Lyons, in
which the Lyonnais correspondent was clearly responding to Parisian queries
for more information about the mirror: he named the instrument maker as
Frangois Villette of Lyons and offered the Parisians a detailed confirmation of
an earlier report they had received.”' Oldenburg’s correspondent in Paris (al-
most certainly Henri Justel) had simply forwarded the report to Oldenburg.
Before enclosing the account of the mirror with his own letter to Oldenburg on
Wednesday 5 August, however, Justel had almost certainly read the letter from
Lyons at the Thévenot Academy on Tuesday 4 August 1665 [N.S.].” Thus,
Oldenburg’s first report on the mirror was from an eyewitness to its perform-
ance in Lyons via the filter of Parisian savants. Still, despite the author’s efforts
to reassure his reader that “every thing you have heard ... is true”, this account
stretched Oldenburg’s credulity at the same time as it piqued his interest. He
needed to find out more from the eyewitnesses to such strange happenings.

The letter from Lyons described a spherical mirror that was extraordinarily
large and powerful. The combination of an aperture of “two feet six inches and
about two lines” with the spherical properties defined in a radius of “four feet
eight inches” and a focal length of “two feet four inches” meant that, if the
mirror was properly cast and polished, it would give the greatest magnification
of any mirror then known. This was a powerful optical instrument. More impor-
tantly for Oldenburg, however, the account he had received also detailed im-
pressive performances from this burning mirror. According to the eyewitness in
Lyons, it had easily melted copper and silver coins, pieces of brass, “bits of a
cast iron kettle”, small bits of steel, and small nails. It had failed to melt a large
piece of wrought iron, but did reduce glass, stone, and animal bones to calx. It
also lit candles “very quickly”, and the “thick sticks of wood it set afire in a
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moment made a pretty sight”.” All in all, a very impressive performance —
maybe too impressive — or so at least Oldenburg thought.

Oldenburg activated his end of a correspondence network by relaying all the
information he had received from Paris to Robert Boyle, seeking his commen-
tary on the extraordinary report coming out of France.” Boyle owned a much
smaller burning mirror, and Oldenburg wanted his patron, employer, and friend
to compare its performance with what was reported for the mirror from Lyons.
Nor did Oldenburg limit his efforts at confirmation to Boyle. He also wrote to
Sir Robert Moray soliciting an opinion,” and more importantly, he also con-
tacted his two primary French correspondents, Adrien Auzout and Henri Justel.
From them, Oldenburg wanted further technical details, comparisons with the
best Italian mirrors — which common assent rated the best in the world — and
further confirmations of this mirror’s performance from known and credible
people. Above all, he needed to have confidence in the reports, which meant
having confidence in the reporters.

In his efforts to solicit opinions and gather information on the burning mirror
of Lyons, over the next ten weeks Oldenburg cast his net widely through net-
works of correspondence based on weak ties. Altogether, from Justel’s first (now
missing) letter in early August through the end of October when he took the
sixth number of the Philosophical transactions to press,’® Oldenburg wrote at
least ten letters (and probably several more) soliciting opinions or detailing his
efforts to prepare his account for the Transactions. During this same three-month
period, he definitely received at least eleven letters (once again, probably sev-
eral more) giving him advice on the mirror. Of the total of twenty-one known
letters, at least five involved cross-channel communications based on weak ties.
Oldenburg wrote at least two letters to his Parisian correspondents (both lost),
and received at least three responses in return. Nor did the twenty-one letters
that definitely crossed Oldenburg’s desk constitute anything like the total cor-
respondence generated by this mirror, even in the limited period before Oldenburg
published his account. Before Justel had forwarded the confirming report he
received from Lyons on to Oldenburg, for instance, the Parisians had carried
out at least one round of exchanges with correspondents in Lyons. Then, when
Auzout and Justel received their requests from Oldenburg for further informa-
tion, they both wrote off to their correspondents. In Auzout’s case the nature of
the information he gathered for Oldenburg suggests that he wrote to Italy and
received a response before he passed his confirming details back to Oldenburg.

Other networks were also at work in August and September 1665. André
Graindorge, for instance, reported the mirror to Pierre-Daniel Huet in words
that very closely parallel the first report Oldenburg received. (Graindorge’s let-
ters to Huet, in fact, are what tie Auzout, Justel, and the Parisian correspond-
ence linkage with Lyons so closely to Melchisedec Thévenot’s Academy.) Nor
is it likely Graindorge was alone in spreading news of the mirror back into the
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French provinces. One of his colleagues from Caen, Nicholas Croixmare de
Lasson, was also attending the Thévenot at this time, and the discussions there
inspired him to brag he could “cast a mirror larger than the one in Lyons”, a feat
he never actually performed. Graindorge’s letters also place at least two other
provincial intelligencers at the Thévenot during this same period — one from
Rouen, one from Dijon.”” Unless these provincial gentlemen were absolutely
immune to the kind of enthusiasm for the mirror that infected Oldenburg, Boyle,
Moray, Justel, Auzout, Graindorge, de Lasson, and Huet, it is virtually incon-
ceivable they would have neglected to report this wonderful mirror to their cor-
respondents at home.

Tracking definite exchanges and likely avenues of exchange for news of the
burning mirror of Lyons during the late summer and early autumn of 1665 yields
the knowledge that — well before Oldenburg published his account in the Philo-
sophical transactions — reports and commentary on the burning mirror of Ly-
ons had crisscrossed back and forth across Europe into various correspondence
networks that converged in a nodal point, the Thévenot Academy in Paris. These
correspondence networks connected Oldenburg (and thus England) to Paris, Paris
to Italy, and Paris to at least four French provincial cities. Weak ties founded on
personal meetings allowed credibility to be shaped from written reports.
Oldenburg was planning to publish his account of the mirror for a scientific
community in which news of the mirror had already spread widely. What he
was interested in publishing, then, was not simply the first news of the mirror;
rather, what he wanted to publish was an authoritative report on a topic many
people in the scientific community were already talking about.

Several characterizations of Oldenburg’s cross-channel conversations during
this period of mid- to late 1665 follow from his epistolary efforts with the burn-
ing mirror of Lyons. First, his weak ties with Parisian correspondents attending
the Thévenot Academy hooked him into a scientific communications network
spanning the southern half of scientific Europe. In fact, the Thévenot Academy
clearly furnished the Parisian nodal point for this correspondence network,”
just as Oldenburg himself furnished a nodal point in London. Second, the com-
munications that crossed his desk, although extensive, almost certainly repre-
sented only a part of the total traffic in correspondence that discussions of the
mirror generated in the period before he published his account in the Philo-
sophical transactions. Third, communications throughout the network involved
in supplying information to Oldenburg appears fairly rapid given the scale of
the correspondence passing between networks of weak ties.”” All in all, this
episode indicates that in late 1665 Oldenburg’s Parisian correspondents had
connected him with what we can only call a communications network based on
weak ties that checked the credibility of the reporters.

This pattern suggests that further study of weak ties and correspondence net-
works would be repaid. Henri Justel’s communications with Oldenburg, for



CLOSED CIRCLES OR OPEN NETWORKS? - 195

instance, take on new colouration. Among twentieth-century historians of sci-
ence Justel suffers somewhat from a reputation as a gadfly, a superficial com-
mentator on the scientific and literary worlds because of the complex, disparate
quality of his letters.*® They are full of seemingly the most disparate and uncon-
nected concoctions of news, opinion, and rumour any seventeenth-century
intelligencer managed to bring together. Yet through the mid- and late 1660s,
Henri Justel served as the most faithful of Henry Oldenburg’s French corre-
spondents. Indeed, the more than thirty letters Justel is known to have sent
Oldenburg between mid-1665 and the end of 1669 rank him as one of Oldenburg’s
most consistent and regular correspondents over this period. Moreover, given
Oldenburg’s habit of retailing news from Justel’s letters through his own subse-
quent exchanges with other savants, Justel has to be counted among Oldenburg’s
most important and valued correspondents on the Continent.

Fifteen letters of Justel to Oldenburg have survived intact for the period from
early November 1667 through late March 1668. Five of them recommended
Pierre-Daniel Huet as a correspondent;®! interwoven with them are seven other
letters in which Justel chronicled the first months of Huet’s Académie de Phy-
sique de Caen under royal patronage.®? Moreover, in this group of twelve let-
ters, the two sorts of communication are distinct. Justel either chronicled events
and passed on news about the new royal academy in Caen, or devoted his com-
ments to Huet’s personal qualities as a potential correspondent: no single letter
does both. On the other hand, no single letter across this four-month period was
given over entirely either to Huet or the Académie de Physique.

Indeed, no single letter was given over entirely to any one subject. Justel’s
letters to Oldenburg appear at first reading to offer something like a bulletin
board — a free-form, very lightly edited posting of incidental news items. No
single letter stands alone in conveying a sense of the communications passing
between Justel to Oldenburg. Their communication occurred in a running dia-
logue, in which the ties between the parties allowed for interpretations of mean-
ing that can be pieced together by an outsider only with difficulty. In such a
complex correspondence, repeated references of just a single sentence or so can
carry as much meaning as a fully developed discussion on a topic that appears
only once. Individual letters therefore start to lose their character as discrete
entities and take on the character of parts of a dialogue. Treated in this way, an
underlying level of coherence and order surfaces that is far greater than what
appears in any single letter.

In Justel’s letters to Oldenburg, then, the coherence of communication ap-
pears not so much in the individual letters as in the run of the correspondence.
The ‘texts’ of individual letters hold together less clearly than several longitu-
dinal ‘texts’ that emerge from seemingly isolated fragments culled from a dozen
or more separate letters. Each letter, then, carried multiplexed information, and
as is the case with all multiplexed communications, finding meaning depends
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on decoding a complex signal. Yet Oldenburg seems to have found no difficulty
in decoding Justel’s messages, and the frequency with which he forwarded ex-
tracts from Justel’s letters (or the letters themselves) to other correspondents
suggests that he had no difficulty in pulling together their longitudinal threads.
Careful longitudinal reading of Oldenburg’s regular exchanges with long-term
individual correspondents such as Robert Boyle, Sir Robert Moray, Christiaan
Huygens, Justel, or Adrien Auzout shows that this same “conversational” qual-
ity ran through all these exchanges. These correspondents assumed context,
and often elevated their epistolary rounds to carry on several colligated conver-
sations in the multiplexed communication each letter allowed. Nor is the
Oldenburg correspondence unique in this regard. The same quality clearly ap-
pears in the Graindorge—Huet correspondence over a ten-year period; in fact, in
the enormous Huet collection housed at the Biblioteca Medicea-Laurenziana in
Florence, the complexity to the patterns of colligation in his correspondence
dwarfs what appears in the Oldenburg correspondence both in sheer massive-
ness and in the scope of communications. Oldenburg was dedicated in his pur-
suit of correspondence, but he was by no means atypical in the mid-seventeenth
century. Reading Oldenburg’s correspondence with individuals as multilayered
conversations transmitted in epistolary bursts raises the likelihood that higher
levels of infolding could occur in the patterns of letters passing among several
correspondents. Networks founded on multiple weak ties could be very robust.

NEW INSTITUTIONAL FORMS, AND DISRUPTIONS OF PERSONAL EXCHANGES

Yet over the next several years, Oldenburg’s communications with the French
scientific community nearly failed him. At least, this network failed him if we
compare his knowledge of events unfolding at the Académie Royale in Caen to
his success in getting information on the burning mirror of Lyons. Moreover,
this failure cannot be explained by any slowing in the pace of correspondence.
The critical factor is found in the disappearance of a set of personal relation-
ships called the Thévenot Academy. The shifting of institutional bases that oc-
curred with the chartering of the Paris Academy of Sciences brought powerful
new forces into the social structure and social practice of science during the
1660s.8 The Thévenot disintegrated in the spring of 1666 due to the announce-
ment of plans for a French royal academy.®* The new royal academy would be
rooted in different sorts of interactions, ones that pulled a large number of im-
portant people out of the network of personal exchanges and weak ties that
created the flow of information (and checks on it) so critical for the new phi-
losophy. Substituting the new structure of the Paris Academy of Sciences seemed
to do more than simply change the physical location of the major Parisian centre
for science. The new institution structured close ties among its members and seems
to have disrupted the weak ties of the established correspondence networks.
Given its structure, the Paris Academy of Sciences could not replace the
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Thévenot as the nodal point for French scientific communications; indeed, the
Paris Academy opened under an official policy of secrecy. Non-members were
barred from sessions; all deliberations and discussions were private; and the
only news officially permitted was to appear in publications on completed re-
search.® Officially, the rules at the Paris Academy banned the kind of exchanges
that had occurred over the burning mirror of Lyons, even if the instrument origi-
nated in Lyons. That is, had the Lyonnais artisan who fabricated the mirror
announced his accomplishment to the world through the Paris Academy rather
than the Thévenot, the rules of the new organization would have prohibited
discussion with non-members.

Oldenburg’s correspondence in the period from the first official word about a
new royal academy in March 1666 show that the Paris Academy’s ban on com-
munication with outsiders actually proved to be fairly effective.

There is little doubt that Oldenburg wanted news about the new academy in
Paris from the moment Justel told him Colbert had made a definite commitment
to a royal institution.®” Over the next three years, however, he learned very lit-
tle. He continued to correspond with both Auzout and Justel, and while the
letters from Auzout came less and less frequently until he finally resigned from
the Academy and left for Italy (1668),% the pace of Justel’s letters continued
strong. In fact, if the number of Justel letters that have survived means any-
thing, he was writing to Oldenburg more frequently during this period than
during any other in their correspondence. During much of this period he wrote
at least once a week. But the rate of letter-writing is less important than either
the timeliness or the completeness of the information Oldenburg received. More
particularly, longitudinal reading of letters from Oldenburg’s French correspond-
ents during this period fails to reveal those longitudinal threads of information
on French science that had been such a central feature of his earlier letters.

An edge of frustration (on all sides) crept into Oldenburg’s exchanges with
Auzout and Justel during this period. For example, after receiving a letter a
month on average from Auzout through the first half of 1666, Oldenburg re-
ceived none from June until December. In the letter he finally received in De-
cember, Auzout opened with an apology for his long silence, and when he turned
to the new French Academy he had little to say: “Although I had the honour to
be appointed by the King as mathematician and physicist, I can’t give you any
more details than are known to everybody, because we have not been kept fully
informed and things have not reached the point we were led to hope for.”s® He
then claimed that he could not foresee the start of much activity “before the
summer is over”. In other words, he did not expect the Academy to get underway
with its scientific program until late 1667. In this same letter, Auzout also told
Oldenburg that he and others had done very little since the summer of 1666:
“while we lacked instruments ... the constant hope of getting them [with the
opening of the Academy] resulted in individuals failing to undertake what they
would normally have done.”
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This letter offers an intriguing commentary on French science in the first
days of the Paris Academy, not only in what Auzout said, but also in what he
left unsaid. Auzout had been one of the great advocates for the Paris Academy
of Sciences in the period before its creation; indeed, he is more widely known
today for that advocacy than for his considerable scientific work. Still, here he
was saying nothing had been done, and little was likely to be accomplished in
the next year. Finally, even the date (28 December 1666 [N.S.]) at which he
wrote this letter carries significance for what he left unsaid. The official open-
ing of the register at Paris Academy of Sciences occurred on 22 December 1666
— just six days before he penned this letter — yet he reported nothing to sug-
gest the Academy had even started holding its official sessions.

Nor was this letter an aberration. Almost certainly, the next time Auzout wrote
to Oldenburg was on 29 December 1667: a full year later. Once again, he opened
this letter with a long apology for failing to write for so long, and as part of that
apology said: “I am hardly ever in a humour to write. I do not excuse myself
with the weight of my work, because you may well believe I have none.” Then,
after filling his letter with thanks for favours Oldenburg had performed, and a
discussion of work he and Jean Picard had done on the filar micrometer in 1665
and 1666, he begged off from reporting any current news: “I have impercepti-
bly become very lengthy.... You will not take it amiss that I send you no news of
our work at the moment.”® Six months later he resigned from the Academy and
left Paris for Rome.

Justel’s letters mirror Auzout’s change in level of enthusiasm for detailing
the accomplishments of French science during this period. Pulling out the thread
of his “conversation” with Oldenburg on the new academy’s work across the
first three years of its history yields the following recital:

May 1666: “They are labouring here on the establishment of an Academy to be
composed of members chosen from all kinds of professions. No one knows
the details because it is only sketched out.”!

October 1666: “Several members of the Academy have been named ... never-
theless, they do not yet work as they should.”®?

March 1667: “Our philosophers will soon produce something which is not very
important. New discoveries are difficult to make.”*

December 1667: “I cannot tell you what our academicians are to work at, as
they keep it secret....”%*

April 1668: “A letter on optics addressed to our Academy is being printed. The
Academy is being strongly urged to get to work.”*

May 1668: “Our Academy proposes something considerable as I have just been
assured. It is essential that it do something, and produce something worthy
of its promise, otherwise the King and the public will have reason to complain
of it.”%
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June 1668: “[Our Academy] at Paris will do something in time, receiving aid
and having everything necessary for making itself talked about.”"’

July 1668: “The Academy will do something in time. At least it ought to do
$0.”7%8

October 1668: “Our Academy does nothing new.”*

October 1668: “Our Academy does nothing. Observations were made of the last
eclipse, which wasn’t much.”!'%

December 1668: “Our Society still meets, but has still produced nothing, which
causes talk....”1°!

Of course, things could not have been as bad at the Paris Academy of Sci-
ences as Justel’s conversational thread suggests — even though Justel’s reports
square fairly well with those of other contemporary observers such as André
Graindorge, who during this same period complained of the Paris Academy:
“Ils font grand mystere.”'%?

Nevertheless, there was a point to this longitudinal conversation. Justel clearly
knew very little about activities at the sessions of the Paris Academy of Sci-
ences. His major triumphs in reporting news on Parisian science during this
period came in forwarding a copy the Academy’s dissection report on a lion that
had died in the king’s zoo, in obtaining an incomplete set of architectural draw-
ings for the Observatory over a year after Colbert ceremonially laid the first
stone, and in reporting the favours and exhortations Colbert showered on the
academicians. Justel simply did not have much information about science at the
Paris Academy of Sciences despite the fact that he knew several members, and
often mentioned them and their extra-academy activities in his letters to
Oldenburg.

Justel had not lost his enthusiasm for science, and it is important to note that
he furnished Oldenburg with extensive accounts of dissections performed at the
academy in Caen throughout this period when he had very little to report on
Parisian science.'”® Following Auzout’s arrival in Italy, Justel also relayed his
news on Italian science to Oldenburg. Overall, the point that comes through
most clearly in the Justel letters to Oldenburg during the first several years of
the Paris Academy of Science’s history is that he had no meaningful scientific
news from Paris itself. He knew only what everyone else outside the Academy
knew: virtually nothing. When Justel learned what they had been doing, it was
through the Academy’s official publications on completed research — hardly
the kind of news to fuel his correspondence with Oldenburg.

The only conclusion to draw from this comparison between Oldenburg’s cross-
channel conversations during late 1665 and those across the next three years is
that the Paris Academy and the closing of the Thévenot seriously broke the
chain of communications based in weak ties that had allowed Oldenburg’s com-
munications with Parisian science, despite the fact that he still exchanged news
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with the same correspondents. Moreover, the loss of the weak ties that consti-
tuted the Parisian node broke Oldenburg’s access to the correspondence net-
work that had penetrated the southern half of scientific Europe.

Oldenburg never did regain access to the kind of news from Paris he had
depended on in writing his article on the burning mirror of Lyons. Moreover, he
had very little information at all on the Paris Academy of Sciences until the
spring of 1669 when Francis Vernon took up his post as secretary to the English
Ambassador. Vernon was interested in science, and arrived in Paris armed with
questions Oldenburg wanted answered. The kind of information Vernon’s first
letters to Oldenburg conveyed illustrates just how little the English had learned
until this point about the Paris Academy of Sciences. Vernon’s news for
Oldenburg offers a fitting point on which to conclude this consideration of weak
ties and their importance in the communication patterns in the 1660s.

On arrival in Paris, Vernon had quickly established a weak tie with Domenico
Cassini, also new to Paris, and this is what he was able to learn from Cassini:

Hee told mee that the Royal Academie are not as ours in Engld — a great
assembly of Gentlemen, Butt only a few Persons wch are eminent, & not in
number above 13. or 14. To whose conferences none are admitted of what
quality soever who are not of their owne body. & these have likewise a
pension From the King of 1500 Livres per annum.... They meet twice a
weeke Wednesdays, Fridays & one day is deputed For Physicall, the other
For Mathematicall exercises. In the Physicall Academie though they doe
not strictly bind themselves to one Theame, Yet that at present they are ex-
amining the Doctrine of Coagulation. In the Mathematicall Academie, They
are stating the Force of Air & water as to bodies they can beare, Their weight
& such like enquiries.”'*

The very general quality of such a report suggests Oldenburg had learned
very little about the Paris Academy of Sciences in the three years before Vernon’s
arrival. Certainly, the contrast with his knowledge of details of work in French
science as recently as 1665 is striking. It had been the weak ties formed from
personal acquaintance that supported the intellectual exchanges so important to
the development of the new philosophy; institutionally enforced close ties seem
to have cut significantly into these exchanges.

CONCLUSIONS

We have attempted to elaborate and extend the description of the practices of
early modern natural philosophy beyond the small groups and closed circles
that have received so much recent attention. The emphasis on scientific practice
in much of the recent historical literature, which has focused on the local activi-
ties of closed circles of virtuosi, is a valuable corrective to idealized discus-
sions about intellectual discovery. Yet one of its weaknesses has been the implicit,
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and sometimes explicit, assumption that all practices are local practices, under-
cutting the sense of a European-wide movement. We wish to show that studies
of scientific practice can also be valuable for understanding the international
aspects of the so-called scientific revolution. Moving from the local to the glo-
bal is not necessarily to move from the personal to the abstract.

In arguing for this view, however, we have adopted the concept of weak ties
from the literature on socio-linguistics as well as drawn on an increasingly rich
historical literature about travel and correspondence in the Republic of Letters.
By means of this strategy we also claim that for the early modern period, at
least, the methods of scientific practice and discourse used by the virtuosi dif-
fered little from the methods used by other savants. We suggest that the sociol-
ogy of early modern science was therefore little different from the sociology of
early modern knowledge more generally; and the practices of the new philoso-
phy depended on tightly knit social bonds no more or less than the practices of
other kinds of intellectual discourse. Perhaps experiments necessitated a unique
sociology of collective investigation; but perhaps here, too, the evidence sug-
gests that matters of fact were noted through individual work, which was then
communicated to larger groups.'® Moreover, our observations suggest that one
of the little — but possibly significant — ways in which the forms of communi-
cation of the virtuosi may have differed from those of other savants lay in the
rapidity of the epistolary exchanges. Like merchants, diplomats, and others con-
cerned with the press of worldly events, Oldenburg and others exhibited a con-
cern to work quickly in order to stay on top of unfolding events. The importance
of quick assessment and forwarding of information may suggest some ways in
which the participants in the new philosophy adopted methods of work as much
like those involved in business as in scholarship.

More generally, communication via letters and printed texts continued to rest
on a foundation of oral discourse. Knowing something about the views of oth-
ers sharpened one’s awareness of the issues at stake when a scholar committed
his views to paper. To understand fully the latest books meant having to know
not only the context of a debate from other publications but to know about the
persons involved, or at least being acquainted with them through others. Espe-
cially when it came to accepting the integrity of matters of fact — which could
seldom be deduced from the already accepted, and were often not immediately
replicable — trusting the integrity of reporters was also necessary. The virtuosi
therefore frequently had to judge others’ characters, so that reports from those
known to be prone to exaggeration, sloppiness, fiction, or just plain lying would
not be accepted. Social status or common witnessing were not, in themselves,
adequate determinants of credibility. Reputation could be established on multi-
ple grounds. One important help in establishing credibility (which we have
stressed above, although without meaning to reduce the problem to it alone)
was to visit the reporter or someone who knew the reporter. Personal meetings



202 - DAVID S. LUX AND HAROLD J. COOK

worked well for sizing up the character of another. Visits therefore helped to
establish the integrity of information at the same time that they provided con-
tacts from which correspondence could be initiated. Consequently, travel al-
lowed information to flow to metropolitan centres from around the world as
well as from provincial informants and other metropolitan groups.

The international exchange of learning therefore depended upon an exchange
of personal visits. From the weak ties formed during those visits, complex net-
works of correspondence, containing complicated dialogues among acquaint-
ances, could convey and check information. Because these practices are in many
ways unsurprising, the “scientific community” of early modern Europe oper-
ated in a manner little different from other communities of people, whether
scholars, diplomats, merchants, or any others who travelled long distances and
followed up their meetings with correspondence.

We would even suggest that the success of the new philosophy depended on
the proliferation of weak ties, which could be robust exactly because they were
inclusive and pluralistic. From this perspective, the Royal Society of London
looks more like a formalized association of several English circles, each with
their own connections via weak ties to other people and circles throughout Eu-
rope and European bases elsewhere. In this sense it was not unlike the German
Academia Naturae Curiosorum, which was made up of diverse investigators
throughout German lands (and which gained incorporation from Leopold I).
The nature of weak ties also suggests why people in the Netherlands might do
excellent natural philosophy without having to be formally associated in a sci-
entific society. The new philosophy grew well in soil fertilized by multiple weak
ties. The networks founded on weak ties worked well to establish the credibility
of things and people.

From this perspective, the establishment of closed circles only sowed doubts
and cut the lines of communication that had been so stimulating.'® When or-
ganizational forms grew up that made new philosophers into a closed circle of
royal advisers, the personal visits and spoken exchanges lessened, closing down
important parts of the network. Superficially, the opening of the French na-
tional academy in 1666 was greeted from the other side of the channel with
enthusiasm and expression of a desire to exchange scientific news. In the for-
mal documentary record surrounding the opening of the Paris Academy of Sci-
ences, however, there is little to suggest it exercised any immediate impact on
scientific communications between France and England. Nevertheless, such a
view overlooks the context of the relationships on which communication de-
pended. The patterns of communication in the correspondences Henry Oldenburg
maintained with members of the French scientific community show distinct
changes in the mid-1660s — changes clearly associated with the opening of the
Paris Academy of Science. Indeed, seen through the Oldenburg correspond-
ence, Paris appears as a nodal point in a communications network spanning the
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southern half of Europe. With the coming of the Royal Academy, however, the
pattern shifted. Oldenburg’s obvious frustration with trying to get news from
his French correspondents in the later 1660s speaks to a disruption of scientific
communications following from the foundation of the Paris Academy of Sci-
ences. The social form of the new science was being reshaped far more radi-
cally in the Sun King’s France than in Restoration England; but investigating
the later changes in the French Academy’s working methods and forms of com-
munication might demonstrate that its members, too, continued to place great
weight on the methods of communication associated with weak ties.
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the end of the century Martin Lister reported that the Marquis de L’Hopital blamed the
short lived nature of the Cimento on the small number of members and their “very little
correspondence”: quoted in Biagioli, “Etiquette, interdependence, and sociability” (ref.
4), 226. For Biagioli’s views of the Cimento more generally, see his Galileo courtier (ref.
4), 358-62; and idem, “Scientific revolution, social bricolage, and etiquette” (ref. 4), 25—
32.

Dr Casparus Sibelius to Locke, 961, 9/19 September 1687, in E. S. De Beer (ed.), The
correspondence of John Locke (8 vols, Oxford, 1976-89), iii, 265-6, De Beer’s translation.

Also see Saskia Stegeman, “How to set up a scholarly correspondence: Theodorus Janssonius
van Almeloveen (1657-1712) aspires to membership in the Republic of Letters”, Lias, xx
(1993), 227-43, who notes that Van Almeloveen was able to establish a rich correspondence
network without personal travels only by deploying “a whole network of acquaintances
and family ties” who prepared his way (p. 233).

Howard B. Adelmann, Marcello Malpighi and the evolution of embryology (5 vols, Ithaca,
1966), i, 337-8; idem (ed.), The correspondence of Marcello Malpighi (5 vols, Ithaca,
1975), i, 347-8, 354-7; CHO, 740.

CHO, 390a, Lyons, 28 July 1665, — to Justel.

Justel’s own letter to Oldenburg detailing the Parisian discussion of the mirror is now lost,
as are virtually all of Justel’s letters to Oldenburg during this period. The inference that
Justel read the letter at the Thévenot derives from the fact that André Graindorge described
the mirror in terms that paraphrase the account Oldenburg received. That Graindorge had
learned of the mirror from an account read at the Thévenot on Tuesday, 4 August 1665 is
clear in the letter he wrote to Pierre-Daniel Huet the next day. A transcription of that
letter appears in Leon Tolmer’s “Vingt-deux lettres inédites d’ André de Graindorge a P.-
D. Huet”, Mémoires de I’Académie Nationale de Caen, n.s., x (1943), 303.

CHO, 390a, — to Justel, 28 July 1665.

CHO, 391, Oldenburg to Boyle, 10 August 1665.

CHO, 392, Oldenburg to Moray, 11 August 1665.

Oldenburg’s published account appeared in the sixth number of the Philosophical
transactions, which came off the press in Oxford during the first week of November 1665.
CHO, 446, 5 November 1665, Moray to Oldenburg.

With regard to the Thévenot Academy, it is important to note that, despite a widespread
misperception in the literature on French science, this organization continued to operate
well beyond mid-1665. See David Lux, Patronage and royal science in seventeenth-century
France: The Académie de Physique in Caen (Ithaca, N.Y., 1989), 29-56; idem, “Colbert’s
plan for the Grande Académie: Royal policy toward science, 1663—-1667", Seventeenth-
century French studies, xii (1990), 177-88.

Although Middleton mistakenly attributed all the Cimento’s correspondence with Paris during
this period to activity at the Montmor Academy, his identification of Melchisedec Thévenot
himself as a primary transalpine contact after 1660 actually supports the significance of
the Thévenot Academy in this role (Experimenters (ref. 65), 304-9).

The communications in this case were routine. Oldenburg expected his news from Paris
twice weekly, and when things moved well, he received his news from Paris just five days
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from the date on his correspondent’s letter. In France, letters passed with comparable
speed. The mail, for example, also moved twice weekly between Paris and Caen, and a
letter posted at noon on Wednesday in Paris could be read at the Académie de Physique in
Caen Thursday evening — something less than 36 hours after it left Paris. A letter posted
in Caen on Saturday, was waiting for André Graindorge when he picked it up in Paris on
Monday morning — ample time for reading at the next session of the Thévenot Academy
late Tuesday afternoon: Lux, Patronage and royal science (ref. 77), 31-38.

Thus, for the scale of the communications between Oldenburg and the Parisians attending
the Thévenot, the 79 days between the date on the original report from Lyon (28 July
1665 [N.S.]) and the date on Oldenburg’s letter telling Boyle he had his final confirmation
from France (5 October 1665 [0.S.]) represented an entirely reasonable cycle time for
communications (Lyon—Paris, Paris—London, London—Paris, Paris—Lyon and Paris-Italy,
Italy and Lyon—Paris, Paris-London). In fact, when Oldenburg wrote to tell Boyle he had
“the thing well attested”, he revealed he had received the final confirmation from Paris
“last week”. In other words, the central cycle time for all the exchanges in Oldenburg’s
cross-channel conversation was something less than 79 days.

80. Justel’s reputation is decidedly mixed. A. Rupert Hall and Marie Boas Hall, for example,
describe Justel simply as a political correspondent and claim Oldenburg “presumably
received some compensation for his trouble” in passing on Justel’s news to the office of
the Secretary of State because “only monetary gain can explain how Oldenburg could
tolerate Justel’s nearly unreadable hand and boringly repetitious gossip for so many years”
(CHO, ii, p. xxv). On the other hand, Harcourt Brown described Justel as one of the most
important intelligencers in seventeenth-century science: “The benefit which the work of
the Royal Society received from the exchanges between Justel and its successive secretaries
is almost beyond calculation; what Justel did directly and indirectly for the dissemination
of English books, news and science over the continent of Europe is not equalled before
the eighteenth century, and only occasionally surpassed then”: Brown, Scientific
organizations in seventeenth century France (Baltimore, 1934), 162-3.

81. Justel to Oldenburg, CHO, 768, 771, 778, 787, 816, 15 February — 18 March 1668.

82. Lux, Patronage and royal science (ref. 77), 121-5.

83. For a succinct statement on the historical complexity of this interpretive problem particularly
as it applies to the Royal Society see Michael Hunter, “First steps in institutionalization:
The role of the Royal Society of London”, in Solomon’s House revisted: The organization
and institutionalization of science (Nobel Symposium no. 75; Canton, Mass., 1990), 13—
30. For an excellent bibliography on the early history of the Royal Society, see Marie
Boas Hall, Promoting experimental learning: Experiment and the Royal Society, 1660-
1727 (Cambridge, 1991). Michael Hunter’s works, especially Science and society in
Restoration England (Cambridge, 1981) and Establishing the new science: The experience
of the Royal Society (Woodbridge, 1989), remain the most thorough treatment of the early
Royal Society.

For the Académie Royale des Sciences, Alice Stroup’s recent A company of scientists:
Botany, patronage, and community at the seventeenth-century Parisian Royal Academy
of Sciences (Berkeley, Cal., 1990) goes far beyond earlier work in explaining that
institution’s role in the social history of French science during the second half of the
seventeenth century. For a general review of the interpretive problems encountered in
work on the reorganization of science in the 1660s, see David S. Lux, “Societies, circles,
academies, and organizations: An historiographic essay on seventeenth-century science”,
in Peter Barker and Roger Ariew (eds), Revolution and continuity: Essays in the history
and philosophy of early-modern science (Washington, D.C., 1991), 23-43.
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Lux, “Colbert’s plan” (ref. 77).

See Stroup, A company of scientists (ref. 83), 199-217; Lux, Patronage and royal science
(ref. 77), 51-56.

André Graindorge put this point succinctly when describing what happened to submissions
to the Académie Royale from Caen: “Anything entering the coffers at the academy in
Paris never reappears” (Graindorge to Huet, Biblioteca Medicea-Laurenziana, Ashburnham
1866, 624 (20 January 1674)). For a more complete discussion on this point, see Lux,
Patronage and royal science (ref. 77), 174-9.

CHO, 526, 26 May 1666 [N.S.], Justel to Oldenburg.

CHO, 888, 26 June 1668, Auzout to Oldenburg.

CHO, 589, 28 December 1666, Auzout to Oldenburg [Oldenburg’s translation].

CHO, 730, 29 December 1667, Auzout to Oldenburg.

CHO, 526, 26 May 1666, Justel to Oldenburg.

CHO, 573, 13 October 1666, Justel to Oldenburg.

CHO, 622, 30 March 1667, Justel to Oldenburg.

CHO, 721, n.d. [December 1667], Justel to Oldenburg.

CHO, 834, 18 April 1668, Justel to Oldenburg.

CHO, 841, 2 May 1668, Justel to Oldenburg.

CHO, 877, 13 June 1668, Justel to Oldenburg.

CHO, 894, 7 July 1668, Justel to Oldenburg.

CHO, 978, n.d. [October 1668], Justel to Oldenburg.

CHO, 994, 10 November 1668, Justel to Oldenburg.

CHO, 1024, 8 December 1668, Justel to Oldenburg.

Biblioteca Medicea-Laurenziana, Ashburnham 1866, 572, 16 January 1668, Graindorge to
Huet.

Lux, Patronage and royal science (ref. 77), 81-139.

CHO, 1159, 11 May 1669, Vernon to Oldenburg.

For example, the work of Robert Hooke as demonstrator to the Royal Society would seem to
fit this pattern nicely. See esp. Stephen Pumfrey, “Ideas above his station: A social study
of Hooke’s curatorship of experiments”, History of science, xxix (1991), 1-44; Michael
Aaron Dennis, “Graphic understanding: Instruments and interpretation in Robert Hooke’s
Micrographia®, Science in context, iii (1989), 309-64.

This suggests that viewing science in action situated in one location (as does the stimulating
work of Bruno Latour and Steve Woolgar, Laboratory life: The construction of scientific
facts, 2nd edn (Princeton, 1986)), without taking account of the many people coming and
going to and from other sites, overlooks something essential.



