
SCIENTIFIC CONTROVERSY AND THE NEW ASTRONOMY: 

THE INTELLECTUAL AND SOCIAL CONTEXTS OF THE HEVELIUS-HOOKS 

DISPUTE 

by 

Voula Saridakis 

Thesis submitted to the faculty of the 

Virginia Polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

MASTER OF SCIENCE 

in 

Science and Technology Studies 

Able GJ 
Mordechai Feingal gy, Chair 

(Roger Ariew 

APPROVED: 

   

  

  

May 1993 

Blacksburg, Virginia



LO 

SUSS~ 

VESS~ 
L9GS 
50275 |



Scientific Controversy and the New Astronomy: 

The Intellectual and Social Contexts of the Hevelius-Hooke 

Dispute 

by 
Voula Saridakis 

Science and Technology Studies 

Chair: Mordechai Feingold 

(Abstract) 

During the seventeenth century, science, and especially 

astronomy, underwent significant changes in which the 

emphasis on instrumentation shifted from a more qualitative 

approach to precise quantitative measurement. These changes 

were further encouraged by the formation of scientific 

societies, such as the Royal Society in London and the Royal 

Academy of Sciences in Paris, where members worked together 

as a collective to validate knowledge. Because members could 

freely dissent within the community, a prescribed behavior 

for participants in disputes was proposed, although seldom 

followed. Furthermore, disputes were not influenced by 

intellectual issues alone -- social factors also guided and 

influenced the course of controversies. 

This study is an analysis of one scientific controversy 

in which the participants deviated from the prescribed code



of behavior in scientific disputes, and, although the 

controversy was guided primarily by social factors, 

intellectual factors ultimately determined its outcome. In 

the Introduction, I discuss two sociological theses (Merton, 

Shapin and Schaffer) which are relevant to scientific 

controversies. In Chapter 1, I describe the changing nature 

of astronomy and instrumentation in the seventeenth century 

with special emphasis on micrometers and telescopic sights. 

In Chapter 2, I explore the nature of scientific controversy 

vis-a-vis the Royal Society, and two particular controversies 

which did not deviate from the expected rules of behavior. A 

descriptive account of the Hevelius-Hooke dispute follows in 

Chapter 3, and in Chapter 4, I provide concluding remarks on 

the dispute. Finally, in the Conclusion, I discuss the 

intellectual and social contexts of the Hevelius-Hooke 

dispute.
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Introduction 

The Intellectual and Social Contexts of Scientific 

Controversies 

The Intellectual] | Social Context . Dj , 

Scientific controversies and priority disputes became 

fairly common during the latter half of the seventeenth 

century. Although their study "constitutes an interesting 

problem for further research," few historians or sociologists 

of science have dealt adequately with this topic.! Despite 

this neglect, the study of controversy in science affords 

both historians and sociologists two important advantages. 

First, controversies “often involve disagreements over the 

reality of entities or propriety of practices whose existence 

or value are subsequently taken to be unproblematic or 

settled." To use H. M. Collins' metaphor, “institutionalized 

beliefs about the natural world are like the ship in the 

bottle;" scientific controversies allow us to see that the 

  

1 Robert K. Merton, Science, Technology and Society in Seventeenth 
Century England (New York: Howard Fertig, 1970), 169; cited in Rob 

Iliffe, ""'In the Warehouse': Privacy, Property and Priority in the Early 
Royal Society," History of Science 30 (1992): 29. 

2 Steven Shapin and Simon Schaffer, Leviathan and the Air-Pump: Hobbes, 

Boyle, and the Experimental Life (Princeton: Princeton University Press, 

1985), 7.



ship was first "a pile of sticks and string, and that it was 

once outside the bottle."3 The second advantage is that 

during a controversy, the participants “attempt to 

deconstruct the taken-for-granted quality of their 

antagonists' preferred beliefs and practices."4 One must be 

careful, however, not to depend on only one side of the 

controversy. Therefore, it is important to "note the 

constructive and deconstructive strategies employed by both 

sides to the controversy." 

In addition to identifying the intellectual changes and 

developments in science, the study of scientific 

controversies also entails the social interactions of the 

participants.® Scientific disputes "become an integral part 

of the social relations between scientists," often guiding 

their actions and behavior, before, during, or after, the 

controversy.’ Although social factors play an important part 

in scientific controversy, the intellectual factors are more 

  

3 Collins, "The Seven Sexes"; cited in Shapin and Schaffer, Leviathan, 

7. 

4 Shapin and Schaffer, Leviathan, 7. 

> Ibid. 
6 H. Tristram Engelhardt, Jr., and Arthur L. Caplan, “Introduction: 
Patterns of Controversy and Closure: the Interplay of Knowledge, Values, 

and Political Forces," in Scientific Controversies: Case Studies in the 
Resolution and Closure of Disputes in Science and Technology, eds. H. 
Tristram Engelhardt and Arthur L. Caplan (Cambridge: Cambridge 
University Press, 1987), 1; and Ronald N. Giere, "Controversies 
Involving Science and Technology: a Theoretical Perspective," in Ibid., 
127. 

7 Robert K. Merton, "Priorities in Scientific Discovery," in The 

Sociology of Science: Theoretical and Empirical Investigations ed. 
Norman W. Storer (Chicago: Chicago University Press, 1973), 289. 

Although Merton refers specifically to priority disputes, I will extend 
this view to all types of controversies. 
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likely to determine the outcome.® The non-intellectual, or 

social, factors which could affect both the course and 

outcome of disputes include: personality traits, 

institutional pressures, hostility between scientists across 

national lines, and "chance" events such as the death of one 

of the participants.? 

Since scientific controversies usually entail a 

difference of belief and the social interactions of 

participants, they are characterized by the fact that they 

are both public (everyone knows about them, not just the 

immediate participants involved) and continuous (they last 

for a specific length of time). Therefore, although they may 

begin with only two individuals, they ultimately become a 

"community activity."1° This “community activity," or 

"collective performance," offered scientists in the 

seventeenth century the chance to correct "the natural 

workings of the ‘idols': the faultiness, the idiosyncrasy, or 

the bias of any individual's judgment and observational 

ability."!!  Shapin and Schaffer essentially argue that the 

collective worked together to filter out deviant errors and 

behavior. 

  

8 Ernan McMullin, "Scientific Controversy and its Termination," in 

Engelhardt and Caplan, Scientific Controversies, 88. 
9 Ibid., 60. 
10 Ibid., 51-52. 
11 Shapin and Schaffer, Leviathan, 78. Shapin and Schaffer argue that 

it was Robert Boyle's (1627-1691) social technology which made "the 
production of knowledge visible as a collective enterprise." (Ibid.) 
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One indication that individual personality traits do not 

necessarily effect scientific controversies, is the 

participation of scientists who can be characterized as 

modest, or reluctant to enter controversies: 

[These scientists] want to see 'fair play,' to 
see that behavior conforms to the rules of the 
game. The very fact of their entering the 
fray goes to show that science is a social 
institution with a distinctive body of norms 
exerting moral authority and that these norms 
are invoked particularly when it is felt that 
they are being violated.!2 

With pressure from scientific norms (especially originality), 

even the meek and unaggressive scientists assert their 

claims, and press for their own priorities in science.}3 

Merton claims that originality is responsible for the 

advancement of knowledge and the progress of science. Those 

who make original contributions to knowledge are the ones who 

are rewarded for having best fulfilled their roles and making 

the institution of science work efficiently.!4 Therefore, 

these rewards provide an incentive for the pursuit of 

science.!5 Specifically in the seventeenth century, the "idea 

of progress became widely current," as a result of the 

developments in science and technology (instrumentation) .1° 

Yet the emphasis on originality and the desire to 

demonstrate new "truths", could lead to what was perceived to 
  

12 Tbhid., 292-293. 
13 Ibid., 293, 294. 
14 Ibid., 293, 323. 
15 Merton, “Some Social and Cultural Factors in Scientific Advance," in 
Science, 236. 
16 Ibid., 232, 236.



be deviant behavior such as fraud and plagiarism. 

Competition in science, which is "intensified by the great 

emphasis on original and significant discoveries," may 

provide an incentive “for eclipsing rivals by illicit or 

dubious means," in which case the deviant response is "libel 

and slander rather than theft."!’ If the standards which 

govern "conflictful interaction" deteriorate, a controversy 

develops which is “reinforced by group loyalties," and "there 

develops an atmosphere of thoroughgoing hostility and mutual 

distrust. "18 

Individualism, Witnesses, and the Rules of Etiquette 

The idea of a collective community of scientists who 

believed in the progress of science through original work, 

(especially through experiment), became a characteristic of 

the Royal Society of London. Founded in 1660 and formally 

chartered in 1662, this body "presented their own community 

as an jdeal society where dispute could occur safely and 

where subversive errors were quickly corrected."!9 The Royal 

Society members had more power and authority than 

individuals, and “matters of fact" (objects of perceptual 

  

17 Merton, "Priorities," 311-312. 
18 Tbid., 314. 
19 Shapin and Schaffer, Leviathan, 298. 
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experience) were only generated when “the community freely 

displayed its joint assent."?° 

Members did not tolerate individualism, but especially 

"radical individualism -- the state in which each individual 

set himself up as the ultimate judge of knowledge," and true 

knowledge was only considered objective when it was "produced 

by the collective, and agreed to voluntarily by those who 

comprised the collective."*! Furthermore, the experimental 

philosophers were opposed to tyranny and dogmatism, and 

believed that "no isolated powerful individual authority 

should impose belief;" knowledge came from nature, not from 

"privileged persons." 

According to Shapin and Schaffer, a strong emphasis was 

placed on the collective act of witnessing the production of 

knowledge, an important practice if knowledge were to be 

empirically-based.?3 The testimony of eye-witnesses was 

effective if two specific conditions were met. First, “the 

witnessing experience had to be accessible" to _ the 

collective, otherwise it would not be able to confirm the 

experience. Second, “witnesses had to be reliable and their 

testimony had to be creditable," a condition that was usually 

  

20 Tbid. 
21 Ibid., 78. 
22 Ibid., 298. Boyle asserted that "intellectual sects which based 
their power on the authority of individuals, were vulnerable to attack 

by the experimental or communal philosophers"; yet others used Boyle's 

authority and power for their own "claims to success" (Ibid., 322). 

23 Ibid., 56. Shapin and Schaffer specifically label it "virtual 

witnessing" (see Ibid., 60).



met only if one was part of the collective.?4 During 

scientific controversies, witnesses became allies, usually 

Siding with one of the participants. 

Instruments, which became an integral part of 

seventeenth century science, were, for the most part, 

developed to assist the senses which, experimental 

philosophers like Boyle and Robert Hooke (1635-1702), argued 

were limited "in their ability to discern and constitute" 

objects of perceptual experience.?> An instrument's capacity 

to produce "matters of fact" depended on the instrument's 

"physical integrity", and more specifically, on collective 

agreement.?® Not only was the "physical integrity. . . vital 

to the perceived integrity of the knowledge the [instrument] 

helped to produce," if the instrument lacked physical 

integrity, critics used it as a strategy to "attack 

adherents' claims and to substitute alternative accounts."?! 

Since members argued that disputes could occur safely in 

the collective, Boyle suggested several rules of etiquette in 

scientific controversy that had to be  observed.28 

Essentially, he argued that "disputes should be about 

findings and not about persons," and that although it was 

proper to criticize one's inaccuracies, it was "most improper 

  

24 Ibid., 336. 

29 Ibid., 36. 
26 Ibid., 29. 
27 tbid., 30. 
28 Some of these "rules" are in his Proémial Essay (1661). 
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to attack [one's] character."*9 One had to be careful not to 

cross this personal boundary because doing so would risk 

"making foes out of mere dissenters,"?9 something which 

happened frequently in scientific disputes involving Hooke. 

Boyle further argued that those who could contribute "matters 

of fact", no matter how deceived they were, had to be 

"treated as possible converts to the experimental form of 

life," otherwise their harsh treatment would alienate them 

from the cause and the community:#} 

And as for the (very much too common) practice 
of many, who write, as if they thought railing 
at a man's person, or wrangling about his 
words, necessary to the confutation of his 
opinions; besides that I think such a 
quarrelsome and injurious way of writing does 
very much misbecome both a philosopher and a 
Christian, methinks it is as unwise as it is 
provoking. For if I civilly endeavour to 
reason a man out of his opinions, I make 
myself but one work to do, namely, to convince 
his understanding; but, if in a bitter or 
exasperating way I oppose his errors, I 
increase the difficulties I would surmount, 
and have as well his affections against me as 
his judgment: and it iS very uneasy to make a 
proselyte of him, that is not only a dissenter 
from us, but an enemy to us. 2 

Boyle perceptively noted that this proper protocol had 

commonly been violated, but unfortunately, the scientist's 

character continued to be the subject of personal attacks in 

subsequent disputes. 

  

29 Shapin and Schaffer, Leviathan, 73. Boyle stated, "For I love to 
speak of persons with civility, though of things with freedom." (Ibid.) 

39 Ibid. 
31 Tbid. 
32 Boyle, Proémial Essay, 312; cited in Ibid., 73-74. 
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When the Royal Society initially formed, the collective 

prescribed a set of rules for the conduct of its members, 

specifically in eye-witnessing experiences, generating 

“matters of fact", and advancing science by adhering to its 

norms (especially originality and the disinterested pursuit 

of truth). However, as I shall demonstrate through the 

controversy which developed between Johannes Hevelius (1611- 

1687) (Figure la) and Hooke in the late 1660's, the dispute 

deviated from the course of what was considered proper 

behavior. The standards which governed this controversy 

deteriorated, resulting in the influence of group loyalty and 

an atmosphere of hostility and mistrust. 

Furthermore, this case study, although guided, for the 

most part, by social factors, had intellectual factors 

influence its outcome. Of paramount importance in this case 

study is the issue of accuracy versus precision -- a topic 

which becomes clearer as the events of the dispute unfold. 

High accuracy occurs when there are few "systematic" errors 

such as errors in the calibration of instruments, human 

errors, errors caused by varying experimental conditions, and 

imperfect techniques. High precision occurs when there are 

few “random" errors such as errors of judgment, fluctuating 

conditions, and small disturbances.3?3 Hevelius' measurements 

were accurate because of the techniques he employed in 

  

33 yardley Beers, Introduction to the Theory of Error (Reading, MA: 
Addison-Wesley Publishing Company, Inc., 1957), 4-5. 
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filtering out certain types of "systematic" errors such as 

those listed above. Hooke, on the other hand, was concerned 

with the precision of telescopic sights -- obtaining precise 

measurements by filtering out small, “random" errors. 

The social factors which influenced this controversy 

included the personal interactions of all the participants 

involved, pressure from the Royal Society to eye-witness 

claims made by the participants, hostility among the 

participants across national lines, and the "chance" event of 

Hevelius' death. Despite the complex personal relationships 

among the participants, however, open sights were ultimately 

abandoned for intellectual reasons. 

10



Chapter 1 

The Changing Nature of Astronomy and Instrumentation 

in the Seventeenth Century 

During the seventeenth century, natural philosophy 

became "mathematicised" in the sense that it became clear 

that nature could only be understood in mathematical terms, 

and as natural philosophers realized that their unaided 

senses could not always discern the complexity of nature. 

Therefore, before the mathematical method could be applied, 

nature had to be carefully "investigated before it could be 

read and explained." 

Even before the classical period, astronomical 

instruments and mathematical models were used to unlock the 

secrets of the heavens. In the fourth-century B.C. and 

Hellenistic period, astronomers attempted to explain the 

physical construction of the heavens using these models, and 

Hellenistic astronomers, in particular, used simple 

instruments such as dioptras and armillary astrolabes to 

assist in their observations. 

  

34 Anthony Turner, Early Scientific Instruments: Europe 1400-1800 
(London: Sotheby's Publications, 1987), 87. 

11



By the later medieval period, uses for the astrolabe 

diversified as single-latitude astrolabes, universal 

astrolabes, and astrolabe-quadrants, became important 

calculating devices for both astronomy and geometry.?> As the 

instrument-making trade grew, armillary spheres, cross- 

staffs, and other instruments were introduced into common 

astronomical practice. In the sixteenth century, until the 

time of Tycho Brahe's (1546-1601) work, mathematical models 

remained an important component of astronomy, despite the 

decline of innovation in instrumentation.7® In the second 

half of the sixteenth century, Tycho became increasingly 

unsatisfied with several instruments because, as interest in 

measurement increased, these instruments could not keep up 

with his expectations of accuracy. As a result, Tycho 

organized the construction of a collection of instruments 

which were eventually used to make more precise observations. 

The next great development in astronomical 

instrumentation was the telescope (or "spy glass" as it was 

initially called) in the early seventeenth century. The 

identity of the "inventor" of the telescope is debated, but 

actual recorded history of the telescope began with Hans 

Lipperhey's petitioning for a patent in 1608. Unfortunately 

for him, the States-General in the Netherlands, who was 

appointed to examine his instrument, rejected his claim on 

  

35 Ibid., 16. 
36 Thid., 57. 

12



the grounds that the telescope "could not be kept a secret" 

because it was easy to duplicate.?’ 

Since all that was needed in order to construct a 

telescope were two lenses and a tube, many individuals 

succeeded in constructing such instruments; chief among them 

was Galileo Galilei (1564-1642). He first heard about the 

invention in the summer of 1609, and he immediately 

constructed a telescope with a magnification power of about 3 

--~ the usual power of telescopes that were being built at the 

time. Initially, he demonstrated military uses for the 

telescope, but eventually turned it towards the heavens. He 

changed the telescope in two fundamental ways to accommodate 

his curiosity and need for observation. He constructed the 

telescope with higher magnification, and supplied "his 

objectives with aperture stops. . . . In making these two 

improvements, he transformed the telescope from a gadget into 

a scientific instrument."38 As such, the telescope became a 

more dependable instrument . 

The invention of the microscope, which inevitably 

followed the telescope's, also "took place in a non-learned, 

everyday context."39 Both the telescope and the microscope 

had extraordinary consequences in the seventeenth century, 

because they not only revealed 

  

37 Albert Van Helden, "The Invention of the Telescope," Transactions of 

the American Philosophical Society 67, no. 4 (1977): 21. 

38 Ibid., 26. 
39 turner, Early, 122. 

13



new worlds and new phenomena, they also 
revealed the power of a new "instrumental" way 
of approaching and scrutinizing nature. 
Instruments hitherto had either been tools for 
specialized purposes in everyday life, or, in 
the context of learning, they had been used 
for measuring or simulating (or both) a given 
phenomenon. They had not, however, in any 
case been instruments of discovery in the way 
that the [telescope and microscope] were, and 
in a way that other new instruments invented 
in the seventeenth century were intended to 
be. The example of the telescope and 
microscope, combining perhaps with the growth 
in importance of an empirical approach, led to 
an expectation of discovery and so a 
willingness to create the instruments by which 
discovery could take place. ?? 

Several of these more prominent instruments of discovery 

included the barometer and air-pump (whose inventions 

resulted from the investigation of vacuums), the thermometer, 

and what was to become another important instrument for 

astronomers, the pendulum clock.?4! 

In these later instruments, quantification was of 

paramount importance, because without measurement, there 

could be no discovery. This makes them different than the 

telescope or microscope which were “exploratory instruments 

without the capacity to measure."?2 Astronomers, in 

particular, considered it a disadvantage that telescopes 

alone could not calculate the particular measurements which 
  

40 Ibid. 
41 By the middle of the century, Christian Huygens (1629-1695) adapted 
his new pendulum clocks so that they could indicate minutes "with 
greater accuracy than the old clocks could indicate hours" [H.C. King, 

The History of the Telescope, (London: Charles Griffin and Company 

Limited, 1955), 104]. 

42 Ibid. 
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interested them the most: the altitude of a celestial object, 

its diameter or distance from another celestial object, and 

the time it was either observed, or crossed the meridian. 

The first two measurements were easily gauged using 

traditional instruments such as the quadrant, sextant, and 

cross~-staff, but the telescope was not powerful enough to 

replace the more traditional measuring instruments. Only 

when the telescope was eventually combined with traditional 

measuring instruments (in addition to new measuring devices), 

were "the great advances in practical astronomy in the later 

decades of the seventeenth century. . . achieved."43 However, 

before discussing the application of the telescope to 

measuring instruments, and the measuring devices which 

enhanced this discovery, it is first necessary to explore the 

development of the telescope in the seventeenth century. 

Following the invention of the Galilean, or "Dutch" 

telescope, Johannes Kepler (1571-1630) decided to change the 

  

43 Ibid. Observational instruments did not immediately "produce the 
sharp improvement in the accuracy" of certain measurements, but rather 
raised new questions that needed to be answered (Curtis Wilson, 
"Predictive Astronomy in the Century after Kepler," in Planetary 

Tycho Brahe to Newton, eds. Réné Taton and Curtis Wilson, The General 

History of Astronomy Series, ed. Michael Hoskin, Vol. 2 (Cambridge: 

Cambridge University Press, 1989), 162. 
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component lenses within the tube; instead of using a convex 

objective lens and a concave eyelens, he employed two convex 

lenses. The Keplerian, or “astronomical" telescope, offered 

both advantages and disadvantages compared with the Galilean 

model, depending on whether or not one was an astronomer. In 

the Galilean telescope, the combination of a convex and 

concave lens produced an upright image, and the focal length 

of the objective lens, which gathered light, was the distance 

between that lens and the observer's eye. However, the image 

produced by the "astronomical" telescope was inverted, and 

the focal length was between the object glass and some point 

within the tube. Those using the telescope for terrestrial 

purposes, disliked the "astronomical" telescope because it 

inverted their images. Astronomers, however, found that this 

was not a major obstacle because inverted celestial objects 

did not significantly interfere with their observations. “4 

Astronomers found that the most substantial advantage 

afforded by the “astronomical" telescope, was its wider field 

of view. Because astronomers could see a larger area of the 

sky with one glance through the Keplerian model, the 

"astronomical" telescope “had almost entirely displaced 

Galileo's instrument for serious astronomical work."™4> 

  

44 See King, History, 36, 45 for a more detailed explanation of the 

differences between the two types of telescopes. 

43 Turner, Early, 91. See also Albert Van Helden, "The 'Astronomical 
Telescope', 1611-1650," Annali dell" Istituto e Museo di Storia della 
Scienza di Firenze 1 (1976): 34. It was on the "astronomical" telescope 

that subsequent telescopic sights and measuring devices were mounted. 
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Seventeenth century telescopes possessed several 

problems which seemed impossible to correct. The two most 

pressing were spherical and chromatic aberration. Spherical 

aberration, which was caused by an inaccurate geometrical 

shape of the lens, resulted in an image which was distorted 

along the edges, and focused in the center. Chromatic 

aberration, which affected all parts of the object (image), 

produced diffused and highly colored edges, and the colors 

increased with the use of additional lenses.*® A third 

problem which usually interfered with observation was 

"uninvited", or stray, light which tended to "creep" into 

telescopes.?’ Of the three difficulties associated with 

telescopes, chromatic aberration was the "chief motivating 

source behind most changes," and astronomers tried to solve 

this dilemma by building longer telescopes.’8® Consequently, 

between 1635 and 1660, the magnification on the most powerful 

telescopes increased from approximately 30 to 150, and 

telescopes increased in length from about 2 to 10 meters.?9 

  

46 Phyllis Allen, "Problems Connected with the Development of the 

Telescope (1609-1687)," Isis 34 (1943): 303. 

47 Ibid., 310. 
48 Ibid., 303-304. See also J.A. Bennett, The Divided Circle: A History 

of Instruments for Astronomy, Navigation and Surveying (Oxford: Phaidon, 
1987), 66; and King, History, 50. Astronomers believed that the colors 

would diminish if light traveled a longer distance between the object 
glass and eyelens. 

49 Maria Luisa Righini Bonelli and Albert Van Helden, "Divini and 

Campani: A Forgotten Chapter in the History of the Academia del 

Cimento," Annali dell" Istituto e Museo di Storia della Scienza di 
Firenze 6 (1981): 15. 
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The longer the telescopes became, the more difficult 

they were to use. Therefore, astronomers eventually 

developed the "“aerial™ (or long-focus) telescope which 

consisted of a long, solid, wooden tube, usually constructed 

by sections, and held up by a series of wooden planks, 

cables, pullies, and a mast (Figure 1b).°° Even the "aerial" 

telescope, however, was riddled with difficulties such as the 

bending and warping of the tube, the difficulty in aligning 

the lenses, and the shaking of the whole apparatus with the 

slightest breeze. As a result, further modifications were 

implemented, and Huygens, in the 1650's, developed the "air" 

telescope. The “air" telescope differed from the "aerial" in 

that it was a tubeless telescope in which the object glass 

component and eyelens component were connected by a cord 

which aligned and adjusted the two lenses (Figure 2).°! 

Unfortunately, even the “air" telescope did not solve all 

problems as it was difficult to manipulate the cords and 

properly align the lenses.°* Towards the end of the century, 

the problems associated with long refractors prompted 

astronomers to search for other possibilities and, 

consequently, Isaac Newton (1642-1727) produced the 

reflecting telescope in 1668. But although the substitution 

of lenses by mirrors seemed to remove certain obstacles which 

  

°° Silvio Bedini, "The Aerial Telescope," Technology and Culture 8 

(1967): 398. Hevelius' “aerial" telescope was 150 feet in length. 

-1 Turner, Early, 92. 
92 Bedini, "Aerial," 399. 
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affected lenses, astronomers discovered that there were still 

problems in casting and shaping mirrors. Therefore, the 

reflector did not become popular until the 1720's and 1730's, 

when the methods for producing mirrors were considerably 

improved. >? 

As the popularity of telescopes increased, astronomers 

became more interested in the competitive telescope-making 

field as well as the craftsmen who made the lenses. 

Telescopes were considered both precious and expensive 

commodities because of their usefulness -- there was an 

increasing demand for them -- and because of the difficulty 

in constructing good lenses.°4 It was the Italian craftsmen 

and scientists who “dominated the art of telescope-making" 

throughout the seventeenth century, especially Francesco 

Fontana (c.1590-1656), Eustachio Divini (1610-1685) and 

Giuseppe Campani (1635-1715).°> Fontana and Divini were the 

"first of a new breed of professional opticians" who differed 

from the “unlettered craftsmen who worked in the shadow of 

scientists and [were] all but invisible."°® They became part 

of the "scientific circles, [as] they were well informed, if 

  

°3 Turner, Early, 93. 

°4 Takehiko Hashimoto, “Huygens, Dioptrics, and the Improvement of the 
Telescope," Historia Scientiarium, International Journal of the History 

of Science Society in Japan 37 (1989): 60-61. 
°° Bonelli and Van Helden, "Divini," 4-5. 

26 Ibid., 8. 
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�s�m�a�l�l� �a�n�g�u�l�a�r� �s�e�p�a�r�a�t�i�o�n�s�,� �w�a�s� �t�o� �u�s�e� �t�h�e�m� �a�l�o�n�e�,� �w�i�t�h�o�u�t� 

�a�f�f�i�x�i�n�g� �t�h�e�m� �t�o� �g�r�a�d�u�a�t�e�d� �a�r�c�s�.� �T�w�o� �c�o�n�d�i�t�i�o�n�s� �h�a�d� �t�o� �b�e� 

�m�e�t� �i�n� �o�r�d�e�r� �f�o�r� �t�h�i�s� �m�e�t�h�o�d� �t�o� �w�o�r�k�:� �t�h�e� �t�w�o� �o�b�j�e�c�t�s� �b�e�i�n�g� 

�m�e�a�s�u�r�e�d� �h�a�d� �t�o� �b�e� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �v�i�s�i�b�l�e� �i�n� �t�h�e� �f�i�e�l�d� �o�f� 

�v�i�e�w�,� �a�n�d� �t�h�e� �t�e�l�e�s�c�o�p�e� �h�a�d� �t�o� �b�e� �f�i�t�t�e�d� �w�i�t�h� �a� �m�i�c�r�o�m�e�t�e�r� �-�-� 

�a� �m�e�c�h�a�n�i�s�m� �w�h�i�c�h� �e�n�a�b�l�e�d� �o�n�e� �t�o� �m�e�a�s�u�r�e� �s�m�a�l�l� �a�n�g�l�e�s�.� �®� 

�C�r�o�s�s�-�h�a�i�r�s� �a�n�d� �m�i�c�r�o�m�e�t�e�r�s� �d�i�f�f�e�r�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y�.� 

�C�r�o�s�s�-�h�a�i�r�s� �w�e�r�e� �t�w�o� �h�a�i�r�s� �t�h�a�t� �i�n�t�e�r�s�e�c�t�e�d� �e�a�c�h� �o�t�h�e�r� �a�t� 

�r�i�g�h�t� �a�n�g�l�e�s�,� �a�n�d� �w�e�r�e� �u�s�e�d� �t�o� �l�o�c�a�t�e� �t�h�e� �c�e�n�t�e�r� �o�f� �t�h�e� �f�i�e�l�d� 

�o�f� �v�i�e�w�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �t�h�e�y� �a�c�t�e�d� �a�s� �s�i�g�h�t�s� �w�h�i�c�h� �a�l�i�g�n�e�d� 

�t�h�e� �t�e�l�e�s�c�o�p�e� �w�i�t�h� �t�h�e� �t�a�r�g�e�t� �o�b�j�e�c�t�.�®� �T�h�e� �m�i�c�r�o�m�e�t�e�r� �w�a�s� 

�u�s�e�d� �f�o�r� �d�i�f�f�e�r�e�n�t� �p�u�r�p�o�s�e�s� �a�l�t�o�g�e�t�h�e�r�.� �I�t� �w�a�s� �a� �s�m�a�l�l� 

�m�e�a�s�u�r�i�n�g� �d�e�v�i�c�e�,� �m�a�d�e� �u�p� �o�f� �s�e�v�e�r�a�l� �c�o�m�p�o�n�e�n�t� �p�a�r�t�s� �w�h�i�c�h� 

� � 

�6�3� �A�b�r�a�h�a�m� �W�o�l�f�,� �A�_�H�i�s�t�o�r�y� �o�f� �S�c�i�e�n�c�e�,� �T�e�c�h�n�o�l�o�g�y�,� �a�n�d� �P�h�i�l�o�s�o�p�h�y� �i�n� �t�h�e� 
�1�6�t�h�  ¬�¢� �1�7�t�h� �C�e�n�t�u�r�i�e�s� �(�N�e�w� �Y�o�r�k�:� �T�h�e� �M�a�c�m�i�l�l�a�n� �C�o�m�p�a�n�y�,� �1�9�3�5�)�:� �1�6�7�.� 

�6�4� �I�b�i�d�.�,� �1�6�8�.� 
�6�5� �B�e�n�n�e�t�t�,� �D�i�v�i�d�e�d�,� �6�4�.� 

�2�2



�w�o�r�k�e�d� �t�o�g�e�t�h�e�r� �t�o� �m�e�a�s�u�r�e� �s�m�a�l�l� �a�n�g�u�l�a�r� �d�i�s�t�a�n�c�e�s� �a�n�d� 

�a�p�p�a�r�e�n�t� �d�i�a�m�e�t�e�r�s� �o�f� �p�l�a�n�e�t�s�.�®�*� �T�h�e� �h�a�i�r�s� �(�o�r� �m�e�t�a�l� �b�a�r�s�)� 

�w�e�r�e� �p�a�r�a�l�l�e�l� �t�o� �e�a�c�h� �o�t�h�e�r�,� �a�n�d� �t�h�e�r�e� �w�a�s� �s�o�m�e� �t�y�p�e� �o�f� 

�i�n�t�e�r�n�a�l� �s�c�a�l�e� �w�h�i�c�h� �m�e�a�s�u�r�e�d� �a�n�g�u�l�a�r� �w�i�d�t�h�s�.� 

�A�s� �w�i�t�h� �t�e�l�e�s�c�o�p�e�s� �a�n�d� �g�r�a�d�u�a�t�e�d� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s�,� 

�t�h�e� �u�s�e� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�S� �o�n� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s� 

�g�e�n�e�r�a�t�e�d� �i�t�s� �o�w�n� �s�e�t� �o�f� �p�r�o�b�l�e�m�s�.� �F�i�r�s�t�,� �b�y� �u�s�i�n�g� 

�t�e�l�e�s�c�o�p�e�s� �t�o� �d�i�s�t�i�n�g�u�i�s�h� �a�n�g�u�l�a�r� �m�e�a�s�u�r�e�m�e�n�t�,� �d�e�f�e�c�t�s� �w�e�r�e� 

�m�a�g�n�i�f�i�e�d� �a�s� �a� �w�h�o�l�e�.�® �� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �u�s�e� �o�f� �t�h�e�s�e� 

�m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s� �m�e�a�n�t� �t�h�a�t� �e�r�r�o�r�s� �i�n� �t�h�e� �d�i�v�i�s�i�o�n� �o�f� 

�t�h�e� �i�n�s�t�r�u�m�e�n�t�,� �t�h�e� �w�e�a�r�i�n�g� �d�o�w�n� �o�f� �c�o�m�p�o�n�e�n�t� �p�a�r�t�s�,� �a�n�d� �t�h�e� 

�w�a�r�p�i�n�g� �o�f� �t�h�e� �w�h�o�l�e� �f�r�a�m�e� �a�f�f�e�c�t�e�d� �m�e�a�s�u�r�e�m�e�n�t�.�®�®� �T�h�e�r�e�f�o�r�e�,� 

�t�h�e�r�e� �w�e�r�e� �l�i�m�i�t�a�t�i�o�n�s� �t�o� �t�h�e� �a�c�c�u�r�a�c�y� �o�n�e� �c�o�u�l�d� �a�c�h�i�e�v�e� 

�u�s�i�n�g� �t�h�e�s�e� �i�n�s�t�r�u�m�e�n�t�s�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �s�o�m�e� �o�f� �t�h�e� 

�d�i�f�f�i�c�u�l�t�i�e�s� �i�n� �g�r�a�d�u�a�t�i�o�n� �w�e�r�e� �p�a�r�t�l�y� �i�m�p�r�o�v�e�d� �b�y� 

�c�o�n�s�t�r�u�c�t�i�n�g� �i�n�s�t�r�u�m�e�n�t�s� �o�f� �l�a�r�g�e�r� �r�a�d�i�i�,� �e�n�s�u�r�i�n�g� �t�h�a�t� �t�h�e� 

�d�i�v�i�s�i�o�n�s� �w�o�u�l�d� �b�e� �m�o�r�e� �v�i�s�i�b�l�e�.� �M�o�r�e�o�v�e�r�,� �t�e�l�e�s�c�o�p�e�s� 

�i�n�c�r�e�a�s�e�d� �t�h�e� �m�a�g�n�i�f�i�c�a�t�i�o�n�,� �a�n�d� �i�m�p�r�o�v�e�d� �t�h�e� �d�e�f�i�n�i�t�i�o�n�,� �o�f� 

�t�h�e� �t�a�r�g�e�t� �o�b�j�e�c�t�s�.� �°�®�?� 

�T�h�e� �M�i�c�r�o�m�e�t�e�r� 

�G�a�s�c�o�i�g�n�e� �h�a�s� �b�e�e�n� �c�r�e�d�i�t�e�d� �a�s� �t�h�e� �i�n�v�e�n�t�o�r� �o�f� �t�h�e� 

� � 

�m�i�c�r�o�m�e�t�e�r�,� �a� �d�e�v�i�c�e� �h�e� �h�a�d� �d�e�v�e�l�o�p�e�d� �b�y� �1�6�4�0�.� �B�o�r�n� �a�b�o�u�t� 

�6�6� �I�b�i�d�.� 
�6�7� �K�i�n�g�,� �H�i�s�t�o�r�y�,� �1�0�2�.� 
�6�8� �I�b�i�d�.� 
�6�9� �I�b�i�d�.� 

�2�3



�1�6�2�0�,� �h�e� �d�i�e�d� �i�n� �1�6�4�4� �w�h�e�n� �h�e� �f�e�l�l� �w�i�t�h� �o�t�h�e�r� �l�o�y�a�l� �s�u�b�j�e�c�t�s� 

�o�f� �C�h�a�r�l�e�s� �I� �a�t� �t�h�e� �b�a�t�t�l�e� �o�f� �M�a�r�s�t�o�n� �M�o�o�r�. ��®� �Y�e�t� �t�h�e� �r�o�l�e� �h�e� 

�P�l�a�y�e�d� �i�n� �p�r�e�c�i�s�i�o�n� �a�s�t�r�o�n�o�m�y� �w�a�s� �p�r�o�f�o�u�n�d�.� �H�e� �h�a�s� �t�h�e� 

�d�i�s�t�i�n�c�t�i�o�n� �o�f� �b�e�i�n�g� �t�h�e� �f�i�r�s�t� �t�o� �d�i�s�c�o�v�e�r� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t� 

�a�f�f�o�r�d�e�d� �t�o� �o�b�s�e�r�v�a�t�i�o�n�a�l� �a�s�t�r�o�n�o�m�y� �b�y� �t�h�e� �u�s�e� �o�f� �c�r�o�s�s�-� 

�h�a�i�r�s�, ��!� �a� �d�i�s�c�o�v�e�r�y� �w�h�i�c�h� �l�e�d� �t�o� �h�i�s� �i�n�v�e�n�t�i�o�n� �o�f� �t�h�e� 

�m�i�c�r�o�m�e�t�e�r�.� 

�I�n� �c�o�m�m�o�n� �t�o� �b�o�t�h� �c�r�o�s�s�~�h�a�i�r�s� �a�n�d� �m�i�c�r�o�m�e�t�e�r�s� �w�a�s� �t�h�e� 

�r�e�t�i�c�u�l�e�,� �w�h�i�c�h� �"�c�o�n�s�t�i�t�u�t�e�d� �t�h�e� �s�t�a�r�t�i�n�g� �p�o�i�n�t� �o�f� �t�h�e� �t�r�u�e� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �a�n�d� �f�i�l�a�r� �m�i�c�r�o�m�e�t�e�r�.�" ��*� �G�a�s�c�o�i�g�n�e� �c�a�m�e� �u�p� 

�w�i�t�h� �t�h�e� �i�d�e�a� �w�h�e�n� �h�e� �o�b�s�e�r�v�e�d� �s�p�i�d�e�r� �h�a�i�r�s� �i�n� �h�i�s� �t�e�l�e�s�c�o�p�e�.� 

�H�i�s� �c�r�o�s�s�-�h�a�i�r�s� �(�a�n�d� �o�t�h�e�r� �e�a�r�l�y� �c�r�o�s�s�-�h�a�i�r�s�)� �w�e�r�e� �u�s�u�a�l�l�y� 

�m�a�d�e� �o�f� �h�a�i�r� �o�r� �t�e�x�t�i�l�e� �t�h�r�e�a�d� �b�e�c�a�u�s�e� �t�h�e�y� �w�e�r�e� �b�o�t�h� 

�e�c�o�n�o�m�i�c�a�l� �a�n�d� �r�e�a�d�i�l�y� �a�v�a�i�l�a�b�l�e�. ��3� �F�u�r�t�h�e�r�m�o�r�e�,� �a�s� �G�a�s�c�o�i�g�n�e� 

�u�n�d�o�u�b�t�e�d�l�y� �d�i�s�c�o�v�e�r�e�d�,� �c�r�o�s�s�-�h�a�i�r�s� �h�a�d� �t�o� �b�e� �v�i�s�i�b�l�e� �e�n�o�u�g�h� 

�t�o� �a�c�c�u�r�a�t�e�l�y� �c�e�n�t�e�r� �a� �c�e�l�e�s�t�i�a�l� �o�b�j�e�c�t�,� �b�u�t� �a�t� �t�h�e� �s�a�m�e� 

�t�i�m�e�,� �"�t�h�e� �t�h�i�c�k�n�e�s�s� �c�o�u�l�d� �n�o�t� �b�e� �s�o� �g�r�e�a�t� �t�h�a�t� �t�h�e�y� �c�o�v�e�r�e�d� 

�t�h�e� �o�b�j�e�c�t� �v�i�e�w�e�d�,� �n�o�r� �c�o�u�l�d� �t�h�e� �i�l�l�u�m�i�n�a�t�i�o�n� �b�e� �s�o� �s�t�r�o�n�g� �s�o� 

�a�s� �t�o� �m�a�k�e� �f�a�i�n�t� �o�b�j�e�c�t�s� �i�n�v�i�s�i�b�l�e�.�" ��4� �B�e�c�a�u�s�e� �t�h�e� �h�a�i�r�s� �w�e�r�e� 

� � 

�1�0� �$�.�g�d�.� �R�i�g�a�u�d�,� �e�d�.�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e� �o�f� �S�c�i�e�n�t�i�f�i�c� �M�e�n� �o�f� �t�h�e� �S�e�v�e�n�t�e�e�n�t�h� 
�C�e�n�t�u�r�y�,� �V�o�l�.� �1� �(�H�i�l�d�e�s�h�e�i�m�,� �G�e�r�m�a�n�y�:� �G�e�o�r�g� �O�l�m�s� �V�e�r�l�a�g�s�b�u�c�h�a�n�d�l�u�n�g�,� 
�1�9�6�5�)�,� �3�4�.� 

 ��1� �A�l�l�a�n� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g� �t�h�e� �C�i�r�c�l�e�:� �T�h�e� �D�e�v�e�l�o�p�m�e�n�t� �o�f� �C�r�i�t�i�c�a�l� 
�A�n�g�u�l�a�r� �M�e�a�s�u�r�e�m�e�n�t� �i�n� �A�s�t�r�o�n�o�m�y�,� �1�5�0�0�-�1�8�5�0� �(�L�o�n�d�o�n�:� �E�l�l�i�s� �H�o�r�w�o�o�d� 
�L�i�m�i�t�e�d�,� �1�9�9�0�)�,� �3�6�.� 

�7�2� �I�b�i�d�.� 

�7�3� �J�o�n� �D�a�r�i�u�s� �a�n�d� �P�.�K�.� �T�h�o�m�a�s�,�  ��C�r�o�s�s�w�i�r�e�s� �i�n� �a� �G�u�i�d�i�n�g� �E�y�e�p�i�e�c�e�,�"� 
�J�o�u�r�n�a�l� �o�f� �P�h�y�s�i�c�s�,� �E�:� �S�c�i�e�n�t�i�f�i�c� �I�n�s�t�r�u�m�e�n�t�s� �1�4� �(�1�9�8�1�)�:� �7�6�1�.� 
�7�4� �I�p�i�d�.� 

�2�4



�s�h�a�r�p�l�y� �d�e�f�i�n�e�d� �(�t�h�e�y� �w�e�r�e� �i�n� �t�h�e� �s�a�m�e� �f�o�c�a�l� �p�l�a�n�e� �a�s� �t�h�e� 

�o�b�j�e�c�t�s� �h�e� �v�i�e�w�e�d�)�,� �h�e� �b�e�g�a�n� �u�s�i�n�g� �t�h�e�m� �i�n� �h�i�s� �o�b�s�e�r�v�a�t�i�o�n�s�. �� 

�T�h�e� �e�v�i�d�e�n�c�e� �f�o�r� �G�a�s�c�o�i�g�n�e�'�s� �a�c�c�i�d�e�n�t�a�l� �d�i�s�c�o�v�e�r�y�,� �c�a�m�e� 

�c�h�i�e�f�l�y� �f�r�o�m� �t�w�o� �l�e�t�t�e�r�s� �h�e� �s�e�n�t� �W�i�l�l�i�a�m� �O�u�g�h�t�r�e�d� �(�1�5�7�5�-� 

�1�6�6�0�)�.� �I�n� �t�h�e� �f�i�r�s�t�,� �d�a�t�e�d� �D�e�c�e�m�b�e�r� �2�,� �1�6�4�0�,� �G�a�s�c�o�i�g�n�e� 

�i�n�f�o�r�m�e�d� �O�u�g�h�t�r�e�d� �t�h�a�t� �h�e� �h�a�d�  ��e�i�t�h�e�r� �f�o�u�n�d� �o�u�t�,� �o�r� �s�t�u�m�b�l�e�d�"� 

�o�n�t�o� �a�n� �i�n�v�e�n�t�i�o�n� 

�w�h�e�r�e�b�y� �t�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �a�n�y� �t�h�e� �l�e�a�s�t� 
�s�t�a�r�s�,� �v�i�s�i�b�l�e� �o�n�l�y� �b�y� �a� �p�e�r�s�p�e�c�t�i�v�e� �g�l�a�s�s�,� 
�m�a�y� �b�e� �r�e�a�d�i�l�y� �g�i�v�e�n�.� �.� �.� �t�o� �a� �s�e�c�o�n�d�;� 
�a�f�f�o�r�d�i�n�g� �t�h�e� �d�i�m�i�n�u�t�i�o�n�s� �a�n�d� �a�u�g�m�e�n�t�a�t�i�o�n�s� �o�f� 
�t�h�e� �p�l�a�n�e�t�s� �s�t�r�a�n�g�e�l�y� �p�r�e�c�i�s�e�,� �a�s� �a�l�s�o� �t�h�e�i�r� 
�c�e�n�t�r�e�s�.� �.� �.� �a�n�d� �t�h�e� �i�n�c�l�i�n�a�t�i�o�n� �o�f� �o�n�e� �s�t�a�r� 
�t�o� �a�n�o�t�h�e�r� �o�f� �a� �w�e�l�l� �k�n�o�w�n� �s�i�t�e�;� �a�n�d� �a�b�l�e� �t�o� 
�b�r�i�n�g� �s�u�f�f�i�c�i�e�n�t� �a�i�d� �t�o� �y�o�u�r� �a�g�e�d� �e�y�e�s� �t�o� �f�i�n�d� 
�a�l�l� �r�e�q�u�i�s�i�t�e�s�.� �.� �.� �.� �I�t� �i�s� �a� �n�o�v�e�l�t�y�,� �c�a�p�a�b�l�e� 
�o�f� �s�u�c�h� �f�r�e�q�u�e�n�t� �u�s�e�,� �t�h�a�t� �b�e�f�o�r�e� �i�t� �t�r�a�v�e�l� �t�o� 
�o�t�h�e�r� �a�b�l�e� �j�u�d�g�e�s�,� �m�a�y� �I� �r�e�c�e�i�v�e� �t�h�a�t� �f�a�v�o�u�r� 
�i�t� �s�h�a�l�l� �u�n�d�e�r�g�o� �y�o�u�r� �e�x�p�e�r�i�m�e�n�t� �a�n�d� 
�c�e�n�s�u�r�e�?�/�é� 

�E�v�e�n�t�u�a�l�l�y�,� �c�r�o�s�s�-�h�a�i�r�s� �l�e�d� �t�o� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� 

�m�i�c�r�o�m�e�t�e�r�,� �a�n�d� �i�n� �a� �s�u�b�s�e�q�u�e�n�t� �l�e�t�t�e�r�,� �h�e� �r�e�v�e�a�l�e�d� �a� 

�d�e�t�a�i�l�e�d� �d�e�s�c�r�i�p�t�i�o�n� �a�n�d� �d�i�a�g�r�a�m� �o�f� �t�h�i�s� �n�e�w� �m�e�c�h�a�n�i�c�a�l� 

�d�e�v�i�c�e�:� 

�I� �b�e�l�i�e�v�e� �a�l�s�o� �b�y� �a� �r�u�l�e�r� �w�i�t�h� �a� �h�a�i�r� �i�n� �i�t�,� 
�m�o�v�i�n�g� �u�p�o�n� �t�h�e� �c�e�n�t�r�e� �o�f� �a� �c�i�r�c�u�l�a�r� 
�i�n�s�t�r�u�m�e�n�t� �g�r�a�d�u�a�t�e�d� �w�i�t�h� �t�r�a�n�s�v�e�r�s�a�l� �l�i�n�e�s� 

� � 

�7�2� �T�h�i�s� �o�c�c�u�r�r�e�d� �e�i�t�h�e�r� �i�n� �l�a�t�e� �1�6�3�8� �o�r� �e�a�r�l�y� �1�6�3�9� �[�R�a�n�d�a�l�l� �B�r�o�o�k�s�,� �"�T�h�e� 
�D�e�v�e�l�o�p�m�e�n�t� �o�f� �M�i�c�r�o�m�e�t�e�r�s� �i�n� �t�h�e� �S�e�v�e�n�t�e�e�n�t�h�,� �E�i�g�h�t�e�e�n�t�h� �a�n�d� �N�i�n�e�t�e�e�n�t�h� 
�C�e�n�t�u�r�i�e�s�,�"� �J�o�u�r�n�a�l� �f�o�r� �t�h�e� �H�i�s�t�o�r�y� �o�f� �A�s�t�r�o�n�o�m�y� �2�2� �(�1�9�9�1�)�:� �1�2�9�-�1�3�0�;� �a�n�d� 
�T�u�r�n�e�r�,� �E�a�r�l�y�,� �1�3�3�]�.� �H�e� �o�n�l�y� �u�s�e�d� �"�a�s�t�r�o�n�o�m�i�c�a�l�"� �t�e�l�e�s�c�o�p�e�s�,� �a�s� �t�h�e�y� 

�w�e�r�e� �t�h�e� �o�n�l�y� �t�y�p�e� �o�f� �t�e�l�e�s�c�o�p�e�s� �t�h�a�t� �c�o�u�l�d� �c�l�e�a�r�l�y� �f�o�c�u�s� �t�h�e� �i�m�a�g�e� �o�f� 
�t�h�e� �h�a�i�r�s� �w�i�t�h�i�n� �t�h�e� �t�u�b�e� �[�S�e�e� �A�l�b�e�r�t� �V�a�n� �H�e�l�d�e�n�,� �M�e�a�s�u�r�i�n�g� �t�h�e� 
�U�n�i�v�e�r�s�e�:� �C�o�s�m�i�c� �D�i�m�e�n�s�i�o�n�s� �f�r�o�m� �A�r�i�s�t�a�r�c�h�u�s� �t�o� �H�a�l�l�e�y� �(�C�h�i�c�a�g�o�:� 
�U�n�i�v�e�r�s�i�t�y� �o�f� �C�h�i�c�a�g�o� �P�r�e�s�s�,� �1�9�8�5�)�,� �1�1�9�;� �V�a�n� �H�e�l�d�e�n�,� �"�A�s�t�r�o�n�o�m�i�c�a�l�,�"� �2�9�;� 
�a�n�d� �B�e�n�n�e�t�t�,� �D�i�v�i�d�e�d�,� �6�4�]�.� 

�7�6� �(�E�m�p�h�a�s�i�s� �m�i�n�e�)� �R�i�g�a�u�d�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �1�,� �3�3�-�3�4�.� �N�o�t�e� �t�h�e� 
�e�m�p�h�a�s�i�s� �G�a�s�c�o�i�g�n�e� �p�l�a�c�e�s� �o�n� �t�h�e� �p�r�e�c�i�s�e�n�e�s�s� �o�f� �h�i�s� �i�n�v�e�n�t�i�o�n�.� 
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�a�n�d� �t�w�o� �g�l�a�s�s�e�s�.� �.� �.� �w�e� �m�i�g�h�t� �i�n� �a� �f�e�w� �n�i�g�h�t�s� 
�f�i�n�d� �t�h�e� �t�r�u�e� �m�e�r�i�d�i�a�n� �a�n�d� �p�o�l�e� �[�o�f� �t�w�o� 
�o�b�j�e�c�t�s�]� �.�?�?� 

�G�a�s�c�o�i�g�n�e� �a�l�s�o� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �i�f� �i�t� �w�a�s� �t�o�o� �d�a�r�k� �t�o� �s�e�e� �t�h�e� 

�h�a�i�r�s�,� �o�n�e� �c�o�u�l�d� �s�h�i�n�e� �a� �c�a�n�d�l�e� �t�h�r�o�u�g�h� �t�h�e� �s�i�d�e� �o�f� �t�h�e� �t�u�b�e�,� 

�w�i�t�h�o�u�t� �t�h�e� �l�i�g�h�t� �i�n�t�e�r�f�e�r�i�n�g� �w�i�t�h� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.� �F�i�n�a�l�l�y�,� 

�h�e� �t�o�l�d� �O�u�g�h�t�r�e�d� �t�h�a�t� �h�e� �h�a�d� �s�h�o�w�n� �h�i�s�  ��i�n�t�e�r�n�a�l�"!"� �s�c�a�l�e� �"�a�n�d� 

�i�t�s� �u�s�e� �i�n� �a� �g�l�a�s�s�,�"� �t�o� �o�t�h�e�r�s� �w�h�o�,� �a�p�p�a�r�e�n�t�l�y�,� �w�e�r�e� 

�S�u�r�p�r�i�s�e�d�,� �b�e�c�a�u�s�e� �t�h�e�y� �t�h�o�u�g�h�t� �t�h�a�t� �a�l�l� �p�o�s�s�i�b�l�e� �m�e�a�n�s� �f�o�r� 

�t�a�k�i�n�g� �m�e�a�s�u�r�e�m�e�n�t�s� �h�a�d� �b�e�e�n� �e�x�h�a�u�s�t�e�d� �(�o�n�e� �p�a�r�t�i�c�u�l�a�r� �f�r�i�e�n�d� 

�o�f� �h�i�s� �c�o�u�l�d� �n�o�t� �k�e�e�p� �t�h�e� �i�n�v�e�n�t�i�o�n� �a� �s�e�c�r�e�t�)� �.�/�8� 

�B�e�f�o�r�e� �c�o�n�t�i�n�u�i�n�g� �w�i�t�h� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� 

�m�i�c�r�o�m�e�t�e�r�,� �i�t� �i�s� �f�i�r�s�t� �n�e�c�e�s�s�a�r�y� �t�o� �d�e�s�c�r�i�b�e� �w�h�a�t� �t�h�e� 

�"�m�i�c�r�o�m�e�t�e�r�"� �c�o�n�s�i�s�t�e�d� �o�f� �d�u�r�i�n�g� �t�h�e�s�e� �e�a�r�l�y� �s�t�a�g�e�s�.� 

�I�n�i�t�i�a�l�l�y�,� �t�h�e� �m�i�c�r�o�m�e�t�e�r� �r�e�f�e�r�r�e�d� �t�o� �t�w�o� �s�e�p�a�r�a�t�e� 

�i�n�s�t�r�u�m�e�n�t�s� �w�h�i�c�h�,� �e�v�e�n�t�u�a�l�l�y�,� �m�e�r�g�e�d�:� �a� �p�a�i�r� �o�f� �r�e�t�i�c�u�l�e� 

�w�i�r�e�s� �o�r� �p�l�a�t�e�s�,� �a�n�d� �s�c�r�e�w�s� �w�i�t�h� �t�u�r�n�i�n�g� �p�a�r�t�s� �t�h�a�t� �w�e�r�e� �u�s�e�d� 

�t�o� �m�e�a�s�u�r�e� �s�m�a�l�l� �d�i�s�t�a�n�c�e�s�. ��?� �M�i�c�r�o�m�e�t�e�r�s� �w�e�r�e� �u�s�u�a�l�l�y� �s�m�a�l�l� 

�(�o�n�l�y� �a�b�o�u�t� �s�i�x� �i�n�c�h�e�s� �i�n� �l�e�n�g�t�h�)�,� �a�n�d� �t�h�e�y� �w�e�r�e� �e�a�s�i�l�y� 

�i�n�s�e�r�t�e�d� �i�n�t�o� �t�h�e� �t�u�b�e�s� �o�f� �"�a�s�t�r�o�n�o�m�i�c�a�l�"� �t�e�l�e�s�c�o�p�e�s�,� �n�e�a�r� 

�t�h�e� �e�y�e�l�e�n�s�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �d�e�s�c�r�i�p�t�i�o�n�s� �i�n� �h�i�s� �c�o�r�r�e�s�p�o�n�d�e�n�c�e�,� 

�G�a�s�c�o�i�g�n�e�'�s� �m�i�c�r�o�m�e�t�e�r� �c�o�n�s�i�s�t�e�d� �o�f� 

�t�w�o� �t�h�i�n� �p�i�e�c�e�s� �o�f� �m�e�t�a�l� �[�w�h�i�c�h�]� �w�e�r�e� �m�o�u�n�t�e�d� 
�p�a�r�a�l�l�e�l� �t�o� �e�a�c�h� �o�t�h�e�r� �o�n� �a� �s�c�r�e�w� �o�f� �f�i�n�e� 

� � 

�7�7� �F�e�b�r�u�a�r�y�,� �1�6�4�1�,� �I�b�i�d�.�,� �5�1�.� 
�7�8� �I�b�i�d�.�,� �5�4�.� 
�7�9� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g�,� �4�0�-�4�1�.� 
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�p�i�t�c�h� �f�i�x�e�d� �s�o� �t�h�a�t� �t�h�e� �k�n�i�f�e�-�e�d�g�e�s� �w�e�r�e� 
�a�l�w�a�y�s� �e�q�u�i�d�i�s�t�a�n�t� �f�r�o�m� �t�h�e� �o�p�t�i�c�a�l� �a�x�i�s� �o�f� 
�t�h�e� �t�e�l�e�s�c�o�p�e�.� �T�h�e� �t�w�o� �b�l�a�d�e�s� �c�o�u�l�d� �b�e� �o�p�e�n�e�d� 
�b�y� �m�e�a�n�s� �o�f� �t�h�e� �s�c�r�e�w�,� �t�h�e� �n�u�m�b�e�r� �o�f� 
�r�e�v�o�l�u�t�i�o�n�s� �n�e�e�d�e�d� �t�o� �a�t�t�a�i�n� �a� �r�e�q�u�i�r�e�d� 
�o�p�e�n�i�n�g� �b�e�i�n�g� �s�h�o�w�n� �o�n� �a� �s�c�a�l�e� �a�n�d� �f�r�a�c�t�i�o�n�s� 
�o�f� �a� �r�e�v�o�l�u�t�i�o�n� �o�n� �a� �d�i�a�l� �d�i�v�i�d�e�d� �i�n�t�o� �a� 
�h�u�n�d�r�e�d� �p�a�r�t�s�.� �8�9� 

�U�n�l�i�k�e� �s�u�b�s�e�q�u�e�n�t� �m�i�c�r�o�m�e�t�e�r�s�,� �G�a�s�c�o�i�g�n�e� �u�s�e�d� �t�w�o� �s�c�r�e�w�s� �o�n� 

�b�o�t�h� �s�i�d�e�s� �o�f� �h�i�s� �d�e�v�i�c�e� �-�-� �e�a�c�h� �s�c�r�e�w� �m�o�v�e�d� �i�t�s� �o�w�n� �r�e�t�i�c�u�l�e� 

�e�i�t�h�e�r� �t�o�w�a�r�d�s� �o�r� �a�w�a�y� �f�r�o�m� �t�h�e� �c�e�n�t�e�r� �a�x�i�s� �i�n� �t�h�e� �f�i�e�l�d� �o�f� 

�v�i�e�w�.� �®�1� 

�D�e�s�p�i�t�e� �G�a�s�c�o�i�g�n�e�'�s� �p�r�e�m�a�t�u�r�e� �d�e�a�t�h�,� �a� �s�m�a�l�l� �g�r�o�u�p� �o�f� 

�h�i�s� �f�r�i�e�n�d�s�,� �i�n�c�l�u�d�i�n�g� �O�u�g�h�t�r�e�d� �a�n�d� �R�i�c�h�a�r�d� �T�o�w�n�e�l�e�y� �(�1�6�2�9�-� 

�1�7�0�7�)� �k�n�e�w� �a�b�o�u�t� �h�i�s� �i�n�v�e�n�t�i�o�n� �t�h�r�o�u�g�h� �h�i�s� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� 

�w�i�t�h� �t�h�e�m�.� �H�o�w�e�v�e�r�,� �t�h�e�y� �d�i�d� �n�o�t� �i�m�m�e�d�i�a�t�e�l�y� �p�u�b�l�i�c�i�z�e� �h�i�s� 

�w�o�r�k� �a�n�d� �i�n�v�e�n�t�i�o�n�s�.� �I�n� �f�a�c�t�,� �t�h�e� �i�n�v�e�n�t�i�o�n� �o�f� �t�h�e� 

�m�i�c�r�o�m�e�t�e�r� �d�i�d� �n�o�t� �a�p�p�e�a�r� �i�n� �p�r�i�n�t� �u�n�t�i�l� �1�6�5�9�,� �w�h�e�n� �C�h�r�i�s�t�i�a�n� 

�H�u�y�g�e�n�s� �p�u�b�l�i�s�h�e�d� �h�i�s� �S�y�s�t�e�m� �S�a�t�u�r�n�i�a�,� �i�n� �w�h�i�c�h� �h�e� �d�e�s�c�r�i�b�e�d� 

�a� �v�a�r�i�a�t�i�o�n� �o�f� �G�a�s�c�o�i�g�n�e�'�s� �m�i�c�r�o�m�e�t�e�r� �w�h�i�c�h� �h�e� �h�a�d� �d�e�v�e�l�o�p�e�d�.� 

�I�n�s�t�e�a�d� �o�f� �k�n�i�f�e�-�e�d�g�e� �m�e�t�a�l� �p�i�e�c�e�s�,� �H�u�y�g�e�n�s� �u�s�e�d� �a� �"�v�i�r�g�u�l�a�"� 

�-�-� �a� �s�o�l�i�d� �m�e�t�a�l� �b�a�r� �w�h�i�c�h� �c�o�v�e�r�e�d� �t�h�e� �t�a�r�g�e�t� �o�b�j�e�c�t�,� �o�r� 

�a�l�i�g�n�e�d� �w�i�t�h� �t�h�e� �e�d�g�e�s� �o�f� �t�w�o� �o�b�j�e�c�t�s� �(�F�i�g�u�r�e� �4�)� �.�8�2� 

�F�o�l�l�o�w�i�n�g� �H�u�y�g�e�n�s�'� �p�u�b�l�i�c�a�t�i�o�n�,� �o�t�h�e�r� �m�i�c�r�o�m�e�t�e�r�s� �w�e�r�e� 

�d�e�s�i�g�n�e�d� �b�y� �v�a�r�i�o�u�s� �i�n�d�i�v�i�d�u�a�l�s�:� �C�o�r�n�e�l�i�o� �M�a�l�v�a�s�i�a� �s�u�g�g�e�s�t�e�d� 

�"�a� �g�r�i�d� �n�e�t�w�o�r�k� �o�f� �s�q�u�a�r�e�s� �f�o�r�m�e�d� �b�y� �f�i�n�e� �s�i�l�v�e�r� �w�i�r�e�,�"� 

�E�u�s�t�a�c�h�i�o� �D�i�v�i�n�i� �r�e�d�e�s�i�g�n�e�d� �a� �m�i�c�r�o�m�e�t�e�r� �o�f� �"�c�r�o�s�s� �w�i�r�e�s� �i�n� 

� � 

�8�0� �T�u�r�n�e�r�,� �E�a�r�l�y�,� �1�3�3�.� 
�8�1� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g�,� �4�1�;� �a�n�d� �B�r�o�o�k�s�,� �"�D�e�v�e�l�o�p�m�e�n�t�,�"� �1�3�1�.� 
�8�2� �T�u�r�n�e�r�,� �E�a�r�l�y�,� �1�3�3�.� 
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�f�o�c�u�s�,�"� �a�n�d� �R�o�b�e�r�t� �H�o�o�k�e� �d�e�v�e�l�o�p�e�d� �h�i�s� �h�a�i�r� �m�i�c�r�o�m�e�t�e�r� �w�h�i�c�h� 

�u�s�e�d� �h�a�i�r�s� �i�n� �p�l�a�c�e� �o�f� �t�h�i�n� �m�e�t�a�l� �b�a�r�s� �(�F�i�g�u�r�e� �4�)�.�8�?� �E�v�e�n� 

�T�o�w�n�e�l�e�y�,� �w�h�o� �i�n�i�t�i�a�l�l�y� �l�e�a�r�n�e�d� �a�b�o�u�t� �G�a�s�c�o�i�g�n�e�'�s� �m�i�c�r�o�m�e�t�e�r� 

�f�r�o�m� �h�i�s� �c�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �c�o�n�s�t�r�u�c�t�e�d� �h�i�s� �o�w�n� �m�i�c�r�o�m�e�t�e�r�,� 

�w�h�i�c�h� �m�o�s�t� �c�l�o�s�e�l�y� �r�e�s�e�m�b�l�e�d� �G�a�s�c�o�i�g�n�e�'�s� �m�i�c�r�o�m�e�t�e�r� �(�F�i�g�u�r�e� 

�5�)�.� �T�h�e� �o�n�l�y� �s�u�b�s�t�a�n�t�i�a�l� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �t�w�o�,� �w�a�s� 

�t�h�a�t� �T�o�w�n�e�l�e�y� �u�s�e�d� �o�n�l�y� �o�n�e� �s�c�r�e�w� �t�h�a�t� �m�o�v�e�d� �o�n�e� �r�e�t�i�c�u�l�e�,� 

�w�h�i�l�e� �t�h�e� �o�t�h�e�r� �r�e�m�a�i�n�e�d� �f�i�x�e�d�.�®�4� 

�I�t� �w�a�s� �n�o�t� �u�n�t�i�l� �t�h�e� �l�a�t�e� �1�6�6�0�'�s�,� �a�f�t�e�r� �t�h�e� �F�r�e�n�c�h� �h�a�d� 

�d�e�v�e�l�o�p�e�d� �H�u�y�g�e�n�s�'� �m�i�c�r�o�m�e�t�e�r�,� �a�n�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �a� �p�r�i�o�r�i�t�y� 

�d�i�s�p�u�t�e�,� �t�h�a�t� �t�h�e� �"�w�o�r�l�d� �o�f� �s�c�i�e�n�c�e�"� �f�i�n�a�l�l�y� �"�l�e�a�r�n�[�e�d�]� �a�b�o�u�t� 

�G�a�s�c�o�i�g�n�e�'�s� �m�i�c�r�o�m�e�t�e�r�.�"�8�°� �A�d�r�i�e�n� �A�u�z�o�u�t� �(�1�6�2�2�-�1�6�9�1�)� �f�i�r�s�t� 

�d�i�s�c�l�o�s�e�d� �h�i�s� �m�i�c�r�o�m�e�t�e�r� �i�n�v�e�n�t�i�o�n� �i�n� �a� �l�e�t�t�e�r� �t�o� �H�e�n�r�y� 

�O�l�d�e�n�b�u�r�g� �(�c�.�1�6�1�8�-�1�6�7�7�)�,� �d�a�t�e�d� �D�e�c�e�m�b�e�r� �1�8�,� �1�6�6�6�,� �i�n� �w�h�i�c�h� �h�e� 

�i�n�f�o�r�m�e�d� �O�l�d�e�n�b�u�r�g� �o�f� �h�i�s� �n�o�v�e�l� �u�s�e� �o�f� �a� �f�i�l�a�r� �m�i�c�r�o�m�e�t�e�r�:� 

�I� �a�p�p�l�y�d� �m�y�s�e�l�f� �t�h�e� �l�a�s�t� �S�u�m�m�e�r� �t�o� �t�a�k�e� �y�e� 
�D�i�a�m�e�t�e�r�s� �o�f� �y�e� �S�u�n�,� �y�e� �M�o�o�n�,� �a�n�d� �y�e� �o�t�h�e�r� 
�P�l�a�n�e�t�s�,� �b�y� �a� �m�e�t�h�o�d�,� �y�t� �o�n�e� �M�.� �[�J�e�a�n�]� �P�i�c�a�r�d� 
�[�1�6�2�0�-�1�6�8�2�]� �a�n�d� �I� �h�a�v�e�,� �w�c�h� �I� �b�e�l�i�e�v�e� �t�o� �b�e� �y�e� 

�b�e�s�t� �o�f� �a�l�l� �t�h�o�s�e�,� �y�t� �h�a�v�e� �b�e�e�n� �p�r�a�c�t�i�s�'�d� 
�h�i�t�h�e�r�t�o�,� �s�e�e�i�n�g� �w�e� �c�a�n� �t�a�k�e� �y�e� �D�i�a�m�e�t�e�r�s� �t�o� 
�s�e�c�o�n�d�s�,� �b�e�i�n�g� �a�b�l�e� �t�o� �d�i�v�i�d�e� �o�n�e� �f�o�o�t� �i�n�t�o� 
�2�4�0�0�0� �o�r� �3�0�0�0�0�.� �p�a�r�t�s�,� �s�c�a�r�c�e� �f�a�i�l�i�n�g� �a�s� �m�u�c�h� 
�a�s� �i�n� �o�n�e� �o�n�l�y� �p�a�r�t�,� �s�o� �y�t� �w�e� �c�a�n� �i�n� �a� �m�a�n�n�e�r� 
�b�e� �a�s�s�u�r�e�d�,� �n�o�t� �t�o� �d�e�c�e�i�v�e� �o�u�r�s�e�l�v�e�s� �i�n� �3�.� �o�r� 
�4�.� �s�e�c�o�n�d�s�.� �8� 

� � 

�8�3� �T�b�i�d�.� 
�8�4� �B�r�o�o�k�s�,� �"�D�e�v�e�l�o�p�m�e�n�t�,�"� �1�3�1�.� 

�8�5� �v�a�n� �H�e�l�d�e�n�,� �M�e�a�s�u�r�i�n�g�,� �1�1�9�;� �a�n�d� �T�u�r�n�e�r�,� �E�a�r�l�y�,� �1�3�3�.� 
�8�6� �A�L� �R�u�p�e�r�t� �H�a�l�l� �a�n�d� �M�a�r�i�e� �B�o�a�s� �H�a�l�l�,� �e�d�s�.� �T�h�e� �C�o�r�r�e�s�p�o�n�d�e�n�c�e� �o�f� �H�e�n�r�y� 
�O�l�d�e�n�b�u�r�g�,� �V�o�l�.� �3�,� �1�6�6�6�-�1�6�6�7� �(�M�a�d�i�s�o�n�,� �W�I�:� �T�h�e� �U�n�i�v�e�r�s�i�t�y� �o�f� �W�i�s�c�o�n�s�i�n� 
�P�r�e�s�s�,� �1�9�6�5�)�,� �2�9�7�.� 
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�W�h�e�n� �t�h�i�s� �l�e�t�t�e�r� �w�a�s� �r�e�a�d� �b�e�f�o�r�e� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�,� �H�o�o�k�e� �a�n�d� 

�C�h�r�i�s�t�o�p�h�e�r� �W�r�e�n� �(�1�6�3�2�-�1�7�2�3�)� �d�e�c�l�a�r�e�d� �t�h�a�t� �P�i�c�a�r�d� �a�n�d� 

�A�u�z�o�u�t�'�s� �m�e�t�h�o�d� �w�a�s� �n�o�t� �n�e�w� �s�i�n�c�e� �b�o�t�h� �H�o�o�k�e� �a�n�d� �W�r�e�n� �w�e�r�e� 

�a�l�r�e�a�d�y� �a�w�a�r�e� �o�f� �t�h�e�s�e� �m�e�t�h�o�d�s�.� �H�o�w�e�v�e�r�,� �H�o�o�k�e� �a�n�d� �W�r�e�n� �d�i�d� 

�n�o�t� �s�e�e�m� �t�o� �i�n�f�o�r�m� �t�h�e� �F�r�e�n�c�h� �o�f� �t�h�e�i�r� �o�w�n� �m�e�t�h�o�d�s� �f�o�r� 

�m�e�a�s�u�r�i�n�g� �t�h�e� �a�p�p�a�r�e�n�t� �d�i�a�m�e�t�e�r�s� �o�f� �p�l�a�n�e�t�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�F�r�e�n�c�h� �d�i�d� �n�o�t� �l�e�a�r�n� �a�b�o�u�t� �t�h�e� �w�o�r�k� �o�f� �t�h�e� �E�n�g�l�i�s�h� �u�n�t�i�l� �a�n� 

�e�x�t�r�a�c�t� �o�f� �A�u�z�o�u�t�'�s� �l�e�t�t�e�r� �w�a�s� �p�u�b�l�i�s�h�e�d� �i�n� �t�h�e� �P�h�i�l�o�s�o�p�h�i�c�a�l� 

�T�r�a�n�s�a�c�t�i�o�n�s� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�.� �®�!� �A�u�z�o�u�t�'�s� �l�e�t�t�e�r� 

�"�s�t�i�m�u�l�a�t�e�d� �T�o�w�n�e�l�e�y� �t�o� �s�e�n�d� �i�n� �a�n� �a�c�c�o�u�n�t� �o�f� �G�a�s�c�o�i�g�n�e�'�s� 

�d�e�v�i�c�e� �a�s� �i�m�p�r�o�v�e�d� �b�y� �T�o�w�n�e�l�e�y� �h�i�m�s�e�l�f�.�"�®�&� �T�h�a�t� �s�a�m�e� �y�e�a�r�,� 

�A�u�z�o�u�t� �d�e�v�e�l�o�p�e�d� �a� �m�i�c�r�o�m�e�t�e�r� �w�h�i�c�h� �w�a�s� �a� �v�a�r�i�a�t�i�o�n� �o�f� �P�i�e�r�r�e� 

�P�e�t�i�t�'�s�.� �I�t� �c�o�n�s�i�s�t�e�d� �o�f� �a� �s�e�r�i�e�s� �o�f� �p�a�r�a�l�l�e�l� �h�a�i�r�s� �(�o�r� 

�t�a�p�e�r�e�d� �m�e�t�a�l� �b�a�r�s�)� �o�n� �t�w�o� �g�r�i�d�s� �(�o�n�e� �f�i�x�e�d�,� �t�h�e� �o�t�h�e�r� 

�m�o�v�i�n�g�)� �(�F�i�g�u�r�e� �6�)�.�8�%� �A�f�t�e�r� �A�u�z�o�u�t�'�s� �l�e�t�t�e�r�,� �t�h�e� �u�s�e� �o�f� 

�M�i�c�r�o�m�e�t�e�r�s� �f�o�r� �m�e�a�s�u�r�i�n�g� �s�m�a�l�l� �a�n�g�u�l�a�r� �d�i�s�t�a�n�c�e�s� �b�e�c�a�m�e� 

�w�i�d�e�l�y� �k�n�o�w�n�,� �a�n�d� �m�a�n�y� �a�s�t�r�o�n�o�m�e�r�s� �a�t�t�e�m�p�t�e�d� �t�o� �d�e�s�i�g�n� �t�h�e�i�r� 

�o�w�n� �d�e�v�i�c�e�s�.� �?�°� 

�B�e�f�o�r�e� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �t�h�e� �m�i�c�r�o�m�e�t�e�r�,� �t�e�l�e�s�c�o�p�e�s� 

�c�o�u�l�d� �n�e�i�t�h�e�r� �m�e�a�s�u�r�e� �t�h�e� �a�p�p�a�r�e�n�t� �d�i�a�m�e�t�e�r�s� �o�f� �c�e�l�e�s�t�i�a�l� 
� � 

�8�7� �I�b�i�d�.�,� �2�9�9� �f�f�.� �6�.� �T�h�e� �e�x�t�r�a�c�t� �w�a�s� �p�u�b�l�i�s�h�e�d� �i�n� �V�o�l�.� �1�,� �n�o�.� �2�1�,� �3�7�3�.� 
�8�8� �T�u�r�n�e�r�,� �E�a�r�l�y�,� �1�3�3�.� �T�h�i�s� �w�a�s� �a�n� �e�x�t�r�a�c�t� �o�f� �T�o�w�n�e�l�e�y�'�s� �l�e�t�t�e�r� �t�o� 
�W�i�l�l�i�a�m� �C�r�o�u�n�e� �(�1�6�3�3�-�1�6�8�4�)�,� �w�r�i�t�t�e�n� �s�o�m�e�t�i�m�e� �b�e�f�o�r�e� �M�a�y� �6�,� �1�6�6�7�.� �I�t� �w�a�s� 
�p�u�b�l�i�s�h�e�d� �i�n� �V�o�l�.� �2�,� �n�o�.� �2�5�,� �4�5�7�-�4�5�8� �o�f� �t�h�e� �P�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s�.� 

�8�9� �A�u�z�o�u�t�'�s� �m�i�c�r�o�m�e�t�e�r� �b�e�c�a�m�e� �s�t�a�n�d�a�r�d� �i�n� �F�r�a�n�c�e�,� �b�u�t� �d�i�d� �n�o�t� �"�c�a�t�c�h� �s�o� 
�q�u�i�c�k� �i�n� �E�n�g�l�a�n�d�"� �[�R�o�b�e�r�t� �M�c�K�e�o�n�,� �"�L�e�s� �D�e�b�u�t�s� �d�e� �l�'�A�s�t�r�o�n�o�m�i�e� �d�e� 
�P�r�e�c�i�s�i�o�n� �I�.� �H�i�s�t�o�i�r�e� �d�e� �l�a� �R�e�a�l�i�s�a�t�i�o�n� �d�u� �M�i�c�r�o�m�e�t�r�e� �A�s�t�r�o�n�o�m�i�q�u�e�,�"� 
�P�h�y�s�i�s�:� �R�i�v�i�s�t�a� �d�i� �S�t�o�r�i�a� �d�e�l�l�e� �S�c�i�e�n�z�a�,� �1�3� �(�1�9�7�1�)�:� �2�8�4�]�.� �T�h�i�s� �w�a�s� �n�o�t� 
�s�u�r�p�r�i�s�i�n�g� �c�o�n�s�i�d�e�r�i�n�g� �t�h�e� �E�n�g�l�i�s�h� �f�a�v�o�r�e�d� �G�a�s�c�o�i�g�n�e�'�s� �p�r�i�o�r�i�t�y� �o�v�e�r� �t�h�e� 
�m�i�c�r�o�m�e�t�e�r�'�s� �i�n�v�e�n�t�i�o�n�.� 
�°�°� �B�r�o�o�k�s�,� �"�D�e�v�e�l�o�p�m�e�n�t�,�"� �1�3�1�,� �1�3�5�.� 

�2�9



�b�o�d�i�e�s�,� �n�o�r� �c�o�u�l�d� �t�h�e�y� �m�e�a�s�u�r�e� �t�h�e� �a�n�g�l�e� �s�u�b�t�e�n�d�e�d� �b�y� �t�w�o� 

�o�b�j�e�c�t�s�.�°�%�!� �B�e�f�o�r�e� �G�a�s�c�o�i�g�n�e�'�s� �i�n�v�e�n�t�i�o�n� �c�a�m�e� �i�n�t�o� �u�s�e�,� �"�t�h�e� 

�m�e�a�s�u�r�i�n�g� �o�f� �a�p�p�a�r�e�n�t� �d�i�a�m�e�t�e�r�s� �[�s�p�e�c�i�f�i�c�a�l�l�y�]�,� �w�a�s� �m�u�c�h� �m�o�r�e� 

�a�n� �a�r�t� �t�h�a�n� �a� �s�c�i�e�n�c�e�,�"� �a�s� �m�e�a�s�u�r�e�m�e�n�t�s� �d�i�d� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� 

�b�e�c�o�m�e� �m�o�r�e� �a�c�c�u�r�a�t�e� �w�i�t�h� �t�i�m�e� �(�a�c�c�u�r�a�c�y� �d�e�p�e�n�d�e�d� �o�n� �t�h�e� 

�o�b�s�e�r�v�e�r�'�s� �a�b�i�l�i�t�i�e�s�)� �.�9�%� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �m�i�c�r�o�m�e�t�e�r� �e�v�e�n�t�u�a�l�l�y� 

�c�h�a�n�g�e�d� �t�h�e� �m�e�t�h�o�d�s� �o�f� �o�b�s�e�r�v�a�t�i�o�n�.� 

�T�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� 

�A�s� �m�i�c�r�o�m�e�t�e�r�s� �p�r�o�f�o�u�n�d�l�y� �a�f�f�e�c�t�e�d� �p�r�e�c�i�s�i�o�n� �a�s�t�r�o�n�o�m�y�,� 

�s�o�,� �t�o�o�,� �d�i�d� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.� �T�h�e� �i�m�p�r�o�v�e�m�e�n�t� �a�f�f�o�r�d�e�d� �b�y� 

�t�h�e�s�e� �s�i�g�h�t�s� �"�p�r�o�b�a�b�l�y� �[�c�o�n�s�t�i�t�u�t�e�d�]� �t�h�e� �s�i�n�g�l�e� �m�o�s�t� 

�i�m�p�o�r�t�a�n�t� �t�e�c�h�n�i�c�a�l� �a�d�v�a�n�c�e� �i�n� �p�r�e�c�i�s�i�o�n� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �i�n� 

�t�h�e� �s�e�v�e�n�t�e�e�n�t�h� �c�e�n�t�u�r�y�.�"�9�3� �A�l�t�h�o�u�g�h� �o�p�e�n� �s�i�g�h�t�s� �o�n� 

�t�r�a�d�i�t�i�o�n�a�l� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s� �h�a�d� �b�e�e�n� �p�o�p�u�l�a�r� �u�n�t�i�l� �t�h�e� 

�s�e�v�e�n�t�e�e�n�t�h� �c�e�n�t�u�r�y�,� �t�h�e�s�e� �i�n�s�t�r�u�m�e�n�t�s� �w�e�r�e� �l�i�m�i�t�e�d� �b�y� �t�h�e� 

�r�e�s�o�l�v�i�n�g� �p�o�w�e�r� �o�f� �t�h�e� �h�u�m�a�n� �e�y�e�,� �w�h�i�c�h� �i�s� �o�n�l�y� �a�b�o�u�t� �o�n�e� 

�M�i�n�u�t�e� �o�f� �a�r�c�.�?�4� �B�e�s�i�d�e�s� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �p�r�e�c�i�s�i�o�n� �a�f�f�o�r�d�e�d� 

�b�y� �t�e�l�e�s�c�o�p�i�c� �l�e�n�s�e�s�,� �t�h�e�y� �a�l�s�o� �p�r�o�v�i�d�e�d� �a� �m�o�r�e� �p�r�e�c�i�s�e� �l�i�n�e� 

�o�f� �c�o�l�l�i�m�a�t�i�o�n� �(�t�h�e� �a�l�i�g�n�m�e�n�t� �o�f� �c�r�o�s�s�-�h�a�i�r�s� �w�i�t�h� �t�h�e� �o�p�t�i�c�a�l� 

� � 

�9�1� �S�e�e� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g�,� �4�2�.� 
�9�2� �V�a�n� �H�e�l�d�e�n�,� �M�e�a�s�u�r�i�n�g�,� �1�2�1�.� �J�o�h�n� �F�l�a�m�s�t�e�e�d� �(�1�6�4�6�-�1�7�1�9�)� �w�a�s� �s�o� 
�i�m�p�r�e�s�s�e�d� �w�i�t�h� �t�h�e� �m�i�c�r�o�m�e�t�e�r�,� �t�h�a�t� �h�e� �i�n�f�o�r�m�e�d� �W�i�l�l�i�a�m� �M�o�l�y�n�e�u�x� �(�1�6�5�6�-� 
�1�6�9�8�)� �t�h�a�t� �t�h�e� �"�f�i�r�s�t� �v�a�l�u�a�b�l�e� �m�e�a�s�u�r�e�m�e�n�t�s� �h�e� �h�a�d� �e�v�e�r� �m�a�d�e� �w�e�r�e� �t�a�k�e�n� 
�w�h�e�n� �h�e� �w�a�s� �g�i�v�e�n� �a� �m�i�c�r�o�m�e�t�e�r�"� �[�L�e�s�l�e�y� �M�u�r�d�i�n�,� �U�n�d�e�r� �N�e�w�t�o�n�'�s� �S�h�a�d�o�w�:� 

�A�s�t�r�o�n�o�m�i�c�a�l� �P�r�a�c�t�i�c�e�s� �i�n� �t�h�e� �S�e�v�e�n�t�e�e�n�t�h� �C�e�n�t�u�r�y� �(�B�r�i�s�t�o�l�:� �A�d�a�m� �H�i�l�g�e�r� 
�L�i�m�i�t�e�d�,� �1�9�8�5�)�,� �1�2�1�]�.� 
�9�3� �B�e�n�n�e�t�t�,� �D�i�v�i�d�e�d�,� �6�3�.� 
�9�4� �T�u�r�n�e�r�,� �E�a�r�l�y�,� �8�7�-�8�8�.� 

�3�0



�c�e�n�t�e�r� �o�f� �t�h�e� �t�a�r�g�e�t� �o�b�j�e�c�t�,� �o�r� �o�b�j�e�c�t�s�)�.�%�9�>� �T�h�i�s� �m�e�t�h�o�d� 

�e�n�s�u�r�e�d� �t�h�a�t� �t�h�e� �i�m�a�g�e� �i�n� �t�h�e� �f�i�e�l�d� �o�f� �v�i�e�w� �a�n�d� �t�h�e� �c�r�o�s�s�-� 

�h�a�i�r�s�,� �w�e�r�e� �b�o�t�h� �i�n� �f�o�c�u�s�,� �a�n�d� �s�u�p�e�r�i�m�p�o�s�e�d� �o�n�e� �o�v�e�r� �t�h�e� 

�o�t�h�e�r�.� �A�l�i�g�n�i�n�g� �t�h�e� �l�i�n�e� �o�f� �c�o�l�l�i�m�a�t�i�o�n� �w�a�s� �m�o�r�e� �o�f� �a� 

�p�r�o�b�l�e�m� �f�o�r� �n�a�k�e�d�-�e�y�e� �s�i�g�h�t�s� �b�e�c�a�u�s�e� �t�h�e�r�e� �w�e�r�e� �n�o� �c�r�o�s�s�-� 

�h�a�i�r�s� �t�o� �s�u�p�e�r�i�m�p�o�s�e� �o�v�e�r� �t�h�e� �i�m�a�g�e�;� �t�h�e� �e�y�e� �h�a�d� �t�o� 

�a�l�t�e�r�n�a�t�e�l�y� �f�o�c�u�s� �b�e�t�w�e�e�n� �t�h�e� �n�e�a�r� �s�i�g�h�t�s� �a�n�d� �t�h�e� �d�i�s�t�a�n�t� 

�o�b�j�e�c�t�s�,� �m�a�k�i�n�g� �h�u�m�a�n� �e�r�r�o�r� �m�o�r�e� �p�r�o�b�a�b�l�e�.� �%�®� 

�G�a�s�c�o�i�g�n�e� �w�a�s� �t�h�e� �f�i�r�s�t� �t�o� �s�u�c�c�e�s�s�f�u�l�l�y� �c�o�m�b�i�n�e� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �w�i�t�h� �t�r�a�d�i�t�i�o�n�a�l� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s�,� 

�s�o�m�e�t�h�i�n�g� �h�e� �p�e�r�f�o�r�m�e�d� �a�r�o�u�n�d� �t�h�e� �s�a�m�e� �y�e�a�r� �h�e� �i�n�v�e�n�t�e�d� �t�h�e� 

�m�i�c�r�o�m�e�t�e�r� �(�~�1�6�4�0�)�.�°�? �� �E�v�e�n� �t�h�o�u�g�h� �G�a�s�c�o�i�g�n�e� �w�a�s� �t�h�e� �f�i�r�s�t� �t�o� 

�s�u�c�c�e�s�s�f�u�l�l�y� �m�a�k�e� �t�h�e� �s�u�b�s�t�i�t�u�t�i�o�n�,� �J�e�a�n�-�B�a�p�t�i�s�t�e� �M�o�r�i�n� 

�(�1�5�8�3�-�1�6�5�6�)�,� �s�u�g�g�e�s�t�e�d� �r�e�p�l�a�c�i�n�g� �o�p�e�n� �s�i�g�h�t�s� �w�i�t�h� �t�e�l�e�s�c�o�p�i�c� 

�s�i�g�h�t�s� �a�s� �e�a�r�l�y� �a�s� �1�6�3�4�.�9�8� �M�o�r�i�n� �w�a�s� �n�o�t� �s�u�c�c�e�s�s�f�u�l�,� �h�o�w�e�v�e�r�,� 

�b�e�c�a�u�s�e� �h�e� �u�s�e�d� �a� �G�a�l�i�l�e�a�n�,� �r�a�t�h�e�r� �t�h�a�n� �a�n�  ��a�s�t�r�o�n�o�m�i�c�a�l�"�,� 

�t�e�l�e�s�c�o�p�e�,� �a�n�d� �i�t� �w�a�s� �n�e�c�e�s�s�a�r�y� �t�o� �u�s�e� �t�w�o� �c�o�n�v�e�x� �l�e�n�s�e�s� �i�n� 

� � 

�9�5� �W�o�l�f�,� �H�i�s�t�o�r�y�,� �1�6�7�-�1�6�8�.� 
�9�6� �I�b�i�d�.� �S�e�e� �a�l�s�o� �R�o�b�e�r�t� �M�c�K�e�o�n�,� �"�L�e� �r�e�n�o�u�v�e�l�l�e�m�e�n�t� �d�e� �l�'�t�a�s�t�r�o�n�o�m�i�e� �d�e� 
�p�r�é�c�i�s�i�o�n� �d�e� �T�y�c�h�o� �B�r�a�h�e� �a� �J�e�a�n� �P�i�c�a�r�d�.� �D�e�s� �p�i�n�n�u�l�e�s� �a�u�x� �a�p�p�a�r�e�i�l�s� �d�e� 
�v�i�s�é�e� �o�p�t�i�q�u�e�,�"� �i�n� �J�e�a�n� �P�i�c�a�r�d� �e�t� �l�e�s� �D�é�b�u�t�s� �d�e� �l�'�A�s�t�r�o�n�o�m�i�e� �d�e� 
�P�r�é�c�i�s�i�o�n� �a�u� �X�V�I� �S�i�é�c�l�e�,� �e�d�.� �G�u�y� �P�i�c�o�l�e�t� �(�P�a�r�i�s�:� �C�e�n�t�r�e� �N�a�t�i�o�n�a�l� �d�e� �l�a� 
�R�e�c�h�e�r�c�h�é� �S�c�i�e�n�t�i�f�i�q�u�e�,� �1�9�8�7�)�,� �1�2�1�-�1�2�2�.� 

�°�7� �3�.�G�.� �S�i�m�m�s�,� �W�i�l�l�i�a�m� �M�o�l�y�n�e�u�x� �o�f� �D�u�b�l�i�n�:� �A� �L�i�f�e� �o�f� �t�h�e� �S�e�v�e�n�t�e�e�n�t�h�-� 
�C�e�n�t�u�r�y� �P�o�l�i�t�i�c�a�l� �W�r�i�t�e�r� �&� �S�c�i�e�n�t�i�s�t�,� �e�d�.� �P�.�H�.� �K�e�l�l�y� �(�D�u�b�l�i�n�:� �I�r�i�s�h� 
�A�c�a�d�e�m�i�c� �P�r�e�s�s�,� �1�9�8�2�)�,� �6�1�;� �R�o�b�e�r�t� �M�c�K�e�o�n�,�  ��L�e�s� �D�e�b�u�t�s� �d�e� �l�'�A�s�t�r�o�n�o�m�i�e� �d�e� 
�P�r�e�c�i�s�i�o�n� �I�I�.� �H�i�s�t�o�i�r�e� �d�e� �l�'�a�c�q�u�i�s�i�t�i�o�n� �d�e�s� �i�n�s�t�r�u�m�e�n�t�s� �d�'�a�s�t�r�o�n�o�m�i�e� �e�t� 
�d�e� �g�é�o�d�e�s�i�e� �m�u�n�i�s� �d�'�a�p�p�a�r�e�i�l�s� �d�e� �v�i�s�é�e� �o�p�t�i�q�u�e�,�"� �P�h�y�s�i�s�:� �R�i�v�i�s�t�a� �d�i� 
�S�t�o�r�i�a� �d�e�l�l�e� �S�c�i�e�n�z�a� �1�4� �(�1�9�7�2�)�:� �2�2�7�;� �a�n�d� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g�,� �4�0�.� 
�9�8� �M�a�u�r�i�c�e� �D�a�u�m�a�s�,� �S�c�i�e�n�t�i�f�i�c� �I�n�s�t�r�u�m�e�n�t�s� �o�f� �t�h�e� �S�e�v�e�n�t�e�e�n�t�h� �a�n�d� 
�E�i�g�h�t�e�e�n�t�h� �C�e�n�t�u�r�i�e�s�,� �t�r�a�n�s�.� �a�n�d� �e�d�.� �M�a�r�y� �H�o�l�b�r�o�o�k� �(�N�e�w� �Y�o�r�k�:� �P�r�a�e�g�e�r� 
�P�u�b�l�i�s�h�e�r�s�,� �1�9�7�2�)�,� �4�9�;� �T�u�r�n�e�r�,� �E�a�r�l�y�,� �1�3�7�;� �a�n�d� �M�c�K�e�o�n�,� �"�L�e�s� �D�e�b�u�t�s� �(�P�a�r�t� 

�I�I�)�,�"� �2�2�4�.� 
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�o�r�d�e�r� �t�o� �h�a�v�e� �a� �c�o�m�m�o�n� �f�o�c�u�s� �b�e�t�w�e�e�n� �t�h�e� �o�b�j�e�c�t� �g�l�a�s�s� �a�n�d� 

�e�y�e�l�e�n�s�.�%�9� 

�L�i�k�e� �t�h�e� �m�i�c�r�o�m�e�t�e�r�,� �t�h�e� �d�i�f�f�u�s�i�o�n� �o�f� �G�a�s�c�o�i�g�n�e�'�s� 

�d�i�s�c�o�v�e�r�y� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �w�a�s� �l�i�m�i�t�e�d� �-�-� �p�e�r�h�a�p�s� �e�v�e�n� 

�m�o�r�e� �s�o� �s�i�n�c�e� �h�e� �d�i�d� �n�o�t� �s�h�a�r�e� �t�h�e� �r�e�s�u�l�t�s� �o�f� �h�i�s� �d�i�s�c�o�v�e�r�y� 

�w�i�t�h� �O�u�g�h�t�r�e�d�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �G�a�s�c�o�i�g�n�e�'�s� �i�n�v�e�n�t�i�o�n� �w�a�s� 

�t�e�m�p�o�r�a�r�i�l�y� �f�o�r�g�o�t�t�e�n� �u�n�t�i�l� �1�6�6�5� �w�h�e�n� �T�o�w�n�e�l�e�y� �r�e�i�n�t�r�o�d�u�c�e�d� 

�G�a�s�c�o�i�g�n�e�'�s� �w�o�r�k�.�!�°�9� �T�h�e�r�e� �i�s� �e�v�i�d�e�n�c�e�,� �h�o�w�e�v�e�r�,� �t�h�a�t� �H�o�o�k�e� 

�a�n�d� �W�r�e�n� �b�e�g�a�n� �e�x�p�e�r�i�m�e�n�t�i�n�g� �w�i�t�h� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �a�s� �e�a�r�l�y� 

�a�s� �1�6�6�5�.�1�9�!� �T�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �w�e�r�e� �a�l�s�o� �i�n�d�e�p�e�n�d�e�n�t�l�y� 

�r�e�d�i�s�c�o�v�e�r�e�d� �b�y� �D�i�v�i�n�i�,� �w�h�o� �i�n�a� �l�e�t�t�e�r� �d�a�t�e�d� �J�u�l�y� �1�5�,� �1�6�6�3�,� 

�d�e�s�c�r�i�b�e�d� �a� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t� �m�o�u�n�t�e�d� �w�i�t�h� �t�e�l�e�s�c�o�p�i�c� 

�S�i�g�h�t�s�,� �o�f� �h�i�s� �o�w�n� �d�e�s�i�g�n�,� �w�h�i�c�h� �h�e� �c�o�n�s�t�r�u�c�t�e�d� �f�o�r� �a� �f�r�i�e�n�d� 

�l�o�o�k�i�n�g� �f�o�r� �a�n� �i�n�s�t�r�u�m�e�n�t� �t�o� �a�i�d� �h�i�m� �i�n� �h�i�s� �s�u�r�v�e�y�i�n�g�.�?�!�°� 

�T�h�e� �m�a�n�n�e�r� �i�n� �w�h�i�c�h� �t�h�e� �d�i�s�c�o�v�e�r�y� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� 

�p�a�r�a�l�l�e�l�e�d� �t�h�e� �i�n�v�e�n�t�i�o�n� �o�f� �t�h�e� �m�i�c�r�o�m�e�t�e�r� �i�s� �m�o�s�t� �a�p�p�a�r�e�n�t� 

�w�h�e�n� �a�n�o�t�h�e�r� �p�r�i�o�r�i�t�y� �d�i�s�p�u�t�e� �b�e�t�w�e�e�n� �t�h�e� �F�r�e�n�c�h� �a�n�d� �t�h�e� 

�E�n�g�l�i�s�h� �e�r�u�p�t�e�d� �i�n� �t�h�e� �l�a�t�e� �1�6�6�0�'�s�.� �A�s� �i�n� �t�h�e� �c�a�s�e� �o�f� �t�h�e� 

�m�i�c�r�o�m�e�t�e�r�,� �A�u�z�o�u�t� �a�n�d� �P�i�c�a�r�d� �"�f�o�r�m�a�l�l�y� �i�n�t�r�o�d�u�c�e�d�"� �t�h�e�i�r� 

� � 

�9�9� �D�a�u�m�a�s�,� �S�c�i�e�n�t�i�f�i�c�,� �4�9�.� �A�s� �i�n� �t�h�e� �c�a�s�e� �o�f� �m�i�c�r�o�m�e�t�e�r�s�,� �o�n�l�y� 
 ��a�s�t�r�o�n�o�m�i�c�a�l�"� �t�e�l�e�s�c�o�p�e�s� �c�o�u�l�d� �b�e� �u�s�e�d� �o�n� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s�.� 
�I�n�e�v�i�t�a�b�l�y�,� �t�h�e� �G�a�l�i�l�e�a�n� �t�e�l�e�s�c�o�p�e� �w�a�s� �a�b�a�n�d�o�n�e�d� �i�n� �p�r�e�c�i�s�i�o�n� �a�s�t�r�o�n�o�m�y�.� 
�1�0�0� �M�c�K�e�o�n�,� �"�L�e�s� �D�e�b�u�t�s� �(�P�a�r�t� �I�I�)�,�"� �2�2�8�.� 
�1�0�1� �T�h�i�d�.�,� �2�2�9�;� �a�n�d� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g�,� �3�7�.� �H�o�o�k�e� �c�l�a�i�m�e�d� �a�s� �m�u�c�h� �i�n� �h�i�s� 

�J�o�h�a�n�n�e�s� �H�e�v�e�l�i�u�s� �(�L�o�n�d�o�n�,� �1�6�7�4�)�.� 
�1�0�2� �T�b�i�d�.� �I�t� �i�s� �i�n�t�e�r�e�s�t�i�n�g� �t�o� �n�o�t�e� �t�h�e� �p�r�o�g�r�e�s�s�i�o�n� �o�f� �d�i�s�c�o�v�e�r�y�,� �f�r�o�m� 
�m�i�c�r�o�m�e�t�e�r� �t�o� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �t�h�a�t� �i�s� �e�v�i�d�e�n�t� �i�n� �b�o�t�h� �G�a�s�c�o�i�g�n�e� �a�n�d� 
�D�i�v�i�n�i�'�s� �c�a�s�e�s�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�e�l�e�s�c�o�p�i�c� �l�e�n�s�e�s� �o�n� �a�s�t�r�o�n�o�m�i�c�a�l� 
�m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s� �i�m�m�e�d�i�a�t�e�l�y� �f�o�l�l�o�w�e�d� �t�h�e� �m�i�c�r�o�m�e�t�e�r�'�s� �i�n�v�e�n�t�i�o�n�.� 
�(�I�b�i�d�.�)� 
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�i�n�d�e�p�e�n�d�e�n�t� �d�i�s�c�o�v�e�r�y� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �o�n� �g�r�a�d�u�a�t�e�d� 

�m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s� �t�o� �s�c�i�e�n�t�i�f�i�c� �c�i�r�c�l�e�s� �i�n� �1�6�6�6�-�7�,� �i�n� �a�n� 

�e�f�f�o�r�t� �t�o� �i�m�p�r�o�v�e� �t�h�e� �l�i�m�i�t�e�d� �a�c�c�u�r�a�c�y� �o�f� �o�p�e�n� �s�i�g�h�t�s�.�?�}�9� 

�I�n� �1�7�1�7�,� �W�i�l�l�i�a�m� �D�e�r�h�a�m� �(�1�6�5�7�-�1�7�3�5�)� �r�e�s�p�o�n�d�e�d� �t�o� �t�h�e� 

�F�r�e�n�c�h�m�e�n�'�s� �c�l�a�i�m�s� �o�f� �h�a�v�i�n�g� �d�i�s�c�o�v�e�r�e�d� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �i�n� 

�t�h�e� �P�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s�.� �D�e�r�h�a�m� �f�e�l�t� �h�e� �w�a�s� �"�D�u�t�y� 

�b�o�u�n�d�,� �t�o� �d�o� �t�h�a�t� �y�o�u�n�g� �b�u�t� �i�n�g�e�n�i�o�u�s� �G�e�n�t�l�e�m�a�n�,� �M�r�.� 

�G�a�s�c�o�i�g�n�e�,� �t�h�e� �J�u�s�t�i�c�e�,� �t�o� �a�s�s�e�r�t� �h�i�s� �i�n�v�e�n�t�i�o�n� �t�o� �h�i�m�.�"�1�!�°� 

�T�o�w�n�e�l�e�y�,� �h�e� �c�l�a�i�m�e�d�,� �s�u�f�f�i�c�i�e�n�t�l�y� �p�r�o�v�e�d� �t�h�a�t� �t�h�e� �i�n�v�e�n�t�i�o�n� 

�o�f� �t�h�e� �m�i�c�r�o�m�e�t�e�r� �w�a�s� �G�a�s�c�o�i�g�n�e�'�s� �a�n�d� �n�o�t� �A�u�z�o�u�t� �o�r� 

�P�i�c�a�r�d�'�s�.�!�9�%� �D�e�r�h�a�m� �a�d�d�e�d� �t�h�a�t� �"�G�a�s�c�o�i�g�n�e� �w�a�s� �t�h�e� �f�i�r�s�t� �t�h�a�t� 

�m�e�a�s�u�r�e�d� �t�h�e� �D�i�a�m�e�t�e�r�s� �o�f� �t�h�e� �P�l�a�n�e�t�s�,� �&�c�.� �b�y� �a� �M�i�c�r�o�m�e�t�e�r�,�"� 

�a�n�d� �"�t�h�a�t� �h�e� �w�a�s� �t�h�e� �f�i�r�s�t� �t�h�a�t� �a�p�p�l�i�e�d� �T�e�l�e�s�c�o�p�i�c�k� �S�i�g�h�t�s� �t�o� 

�A�s�t�r�o�n�o�m�i�c�a�l� �I�n�s�t�r�u�m�e�n�t�s�.�"�!�° ¬� �D�e�r�h�a�m� �r�e�f�e�r�r�e�d� �t�o� �t�w�o� �l�e�t�t�e�r�s� 

�w�r�i�t�t�e�n� �b�y� �G�a�s�c�o�i�g�n�e� �t�o� �W�i�l�l�i�a�m� �C�r�a�b�t�r�e�e� �(�1�6�1�0�-�1�6�4�4�)�,� �w�h�e�r�e�i�n� 

�G�a�s�c�o�i�g�n�e� �d�e�s�c�r�i�b�e�d� �h�i�s� �m�i�c�r�o�m�e�t�e�r� �a�n�d� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� 

�"�m�e�a�s�u�r�i�n�g� �g�l�a�s�s�e�s�"� �t�o� �b�o�t�h� �q�u�a�d�r�a�n�t�s� �a�n�d� �s�e�x�t�a�n�t�s�.�!�° �� �D�e�r�h�a�m� 

�t�h�e�n� �c�o�n�c�l�u�d�e�d�:� 

�T�o� �t�h�e�s�e� �I� �c�o�u�l�d� �h�a�v�e� �a�d�d�e�d� �o�t�h�e�r� �P�a�s�s�a�g�e�s� �o�f� 
�t�h�e� �l�i�k�e� �N�a�t�u�r�e�:� �b�u�t� �t�h�e�s�e� �m�a�y� �b�e� �s�u�f�f�i�c�i�e�n�t�,� 
�t�o� �s�h�e�w� �t�h�a�t� �M�r�.� �G�a�s�c�o�i�g�n�e�,� �a�s� �e�a�r�l�y� �a�s� �1�6�4�0�,� 

� � 

�1�0�3� �B�r�i�c� �G�.� �F�o�r�b�e�s�,� �G�r�e�e�n�w�i�c�h� �O�b�s�e�r�v�a�t�o�r�y�,� �V�o�l�.� �1�,� �O�r�i�g�i�n�s� �a�n�d� �K�a�r�l�y� 
�H�i�s�t�o�r�y� �(�1�6�7�5�-�1�8�3�5�)� �(�L�o�n�d�o�n�:� �T�a�y�l�o�r� �a�n�d� �F�r�a�n�c�i�s� �L�i�m�i�t�e�d�,� �1�9�7�5�)�,� �6�;� �a�n�d� 
�J�o�h�n� �W�.� �O�l�m�s�t�e�d�,�  ��T�h�e� �' ��A�p�p�l�i�c�a�t�i�o�n�'� �o�f� �T�e�l�e�s�c�o�p�e�s� �t�o� �A�s�t�r�o�n�o�m�i�c�a�l� 
�I�n�s�t�r�u�m�e�n�t�s�,� �1�6�6�7�-�1�6�6�9�,�"� �I�s�i�s� �4�0� �(�1�9�4�9�)�:� �2�2�4�-�2�2�5�.� 

�1�0�4� �P�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s�,� �V�o�l�.� �3�0�,� �n�o�.� �3�5�2�,� �6�0�3�.� 
�1�0�5� �A�u�z�o�u�t�,� �P�i�c�a�r�d�,� �a�n�d� �o�t�h�e�r�s� �c�o�n�c�e�d�e�d� �t�h�a�t� �G�a�s�c�o�i�g�n�e� �w�a�s� �t�h�e� �f�i�r�s�t� �t�o� 
�i�n�v�e�n�t� �t�h�e� �m�i�c�r�o�m�e�t�e�r�.� �D�e�r�h�a�m�,� �w�h�o� �p�r�o�v�i�d�e�d� �s�i�m�i�l�a�r� �p�r�o�o�f� �f�o�r� 
�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �l�i�k�e�w�i�s�e� �c�o�n�v�i�n�c�e�d� �o�t�h�e�r�s� �t�h�a�t� �G�a�s�c�o�i�g�n�e� �h�a�d� 
�d�i�s�c�o�v�e�r�e�d� �t�h�e�m�.� 
�1�0�6� �p�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s�,� �V�o�l�.� �3�0�,� �n�o�.� �3�5�2�,� �6�0�4�.� 
�1�0�7� �2�5� �J�a�n�u�a�r�y� �1�6�4�1� �a�n�d� �2�4� �D�e�c�e�m�b�e�r� �1�6�4�1�,� �I�b�i�d�.�,� �6�0�4�-�6�0�5�.� 
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�m�a�d�e� �u�s�e� �o�f� �T�e�l�e�s�c�o�p�e�s� �o�n� �Q�u�a�d�r�a�n�t�s� �a�n�d� 
�S�e�x�t�a�n�t�s�,� �a�s� �w�e�l�l� �a�s� �i�n� �h�i�s� �I�n�v�e�n�t�i�o�n� �o�f� �t�h�e� 
�M�i�c�r�o�m�e�t�e�r�.� �.� �.� �.� �I�t� �i�s� �v�e�r�y� �m�a�n�i�f�e�s�t�,� �t�h�a�t� 
�l�o�n�g� �b�e�f�o�r�e� �t�h�e� �F�r�e�n�c�h� �G�e�n�t�l�e�m�a�n�'�s� �C�l�a�i�m�s�,� �o�u�r� 
�C�o�u�n�t�r�y�m�a�n� �M�r�.� �G�a�s�c�o�i�g�n�e� �h�a�d� �m�a�d�e� �u�s�e� �o�f� �t�h�o�s�e� 
�S�i�g�h�t�s� �i�n� �h�i�s� �A�s�t�r�o�n�o�m�i�c�a�l� �I�n�s�t�r�u�m�e�n�t�s�;� 
�p�a�r�t�i�c�u�l�a�r�l�y� �i�n� �t�w�o� �o�r� �m�o�r�e� �s�o�r�t�s� �o�f� 
�M�i�c�r�o�m�e�t�e�r�s� �(�a�s� �I� �p�l�a�i�n�l�y� �f�i�n�d�)� �a�n�d� �i�n� �h�i�s� 
�Q�u�a�d�r�a�n�t� �a�n�d� �S�e�x�t�a�n�t�.� �A�n�d� �h�a�d� �i�t� �p�l�e�a�s�e�d� �G�o�d� 
�t�o� �h�a�v�e� �g�i�v�e�n� �h�i�m� �a� �l�o�n�g�e�r� �L�i�f�e�,� �w�e� �m�i�g�h�t� �h�a�v�e� 
�e�x�p�e�c�t�e�d� �g�r�e�a�t�e�r� �t�h�i�n�g�s� �f�r�o�m� �h�i�s� �p�r�e�g�n�a�n�t� �a�n�d� 
�s�a�g�a�c�i�o�u�s� �w�i�t�.�1�!�°�8� 

�A�f�t�e�r� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �c�r�o�s�s�-�h�a�i�r�s�,� �m�i�c�r�o�m�e�t�e�r�s�,� �a�n�d� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �a�l�l� �o�f� �w�h�i�c�h� �m�a�y� �b�e� �c�r�e�d�i�t�e�d� �t�o� �G�a�s�c�o�i�g�n�e�,� 

�t�h�e� �p�r�e�c�i�s�i�o�n� �o�f� �m�e�a�s�u�r�e�m�e�n�t�s� �i�n� �o�b�s�e�r�v�a�t�i�o�n� �i�n�c�r�e�a�s�e�d� �f�r�o�m� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �o�n�e� �m�i�n�u�t�e�,� �t�o� �o�n�e� �s�e�c�o�n�d�,� �o�f� �a�r�c�.�!�9�9� �P�r�e�c�i�s�e� 

�m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �a�p�p�a�r�e�n�t� �d�i�a�m�e�t�e�r�s� �o�f� �p�l�a�n�e�t�s�,� �o�r�b�i�t�a�l� 

�c�a�l�c�u�l�a�t�i�o�n�s� �o�f� �c�o�m�e�t�s�,� �a�n�d� �t�h�e� �a�n�g�l�e�s� �s�u�b�t�e�n�d�e�d� �b�y� �t�w�o� 

�c�e�l�e�s�t�i�a�l� �o�b�j�e�c�t�s�,� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �r�e�l�i�a�b�l�e� �o�n�l�y� �i�f� �o�n�e� �u�s�e�d� 

�e�i�t�h�e�r� �a� �m�i�c�r�o�m�e�t�e�r�-�m�o�u�n�t�e�d� �t�e�l�e�s�c�o�p�e�,� �o�r� �a� �m�e�a�s�u�r�i�n�g� 

�i�n�s�t�r�u�m�e�n�t� �w�i�t�h� �t�e�l�e�s�c�o�p�i�c� �l�e�n�s�e�s� �a�n�d� �c�r�o�s�s�-�h�a�i�r�s�.�}�!�°� 

�T�e�l�e�s�c�o�p�i�c�a�l�l�y�-�m�o�u�n�t�e�d� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s� �w�e�r�e� �e�v�e�n� �m�o�r�e� 

�p�r�e�c�i�s�e� �w�h�e�n� �m�i�c�r�o�m�e�t�e�r�s� �w�e�r�e� �a�d�d�e�d�,� �a� �m�e�t�h�o�d� �w�h�i�c�h� �w�a�s� 

�e�v�e�n�t�u�a�l�l�y� �e�m�p�l�o�y�e�d� �b�y� �F�l�a�m�s�t�e�e�d�,� �C�a�s�s�i�n�i�,� �a�n�d� �P�i�c�a�r�d� �a�m�o�n�g� 

�o�t�h�e�r�s�,�1�1�1� 

� � 

�1�0�8� �u�n�f�o�r�t�u�n�a�t�e�l�y�,� �h�e� �d�i�e�d� �p�r�e�m�a�t�u�r�e�l�y� �(�I�b�i�d�.�,� �6�0�9�-�6�1�0�)�.� �H�o�o�k�e� �a�l�s�o� 
�v�e�h�e�m�e�n�t�l�y� �s�u�p�p�o�r�t�e�d� �h�i�s�  ��c�o�u�n�t�r�y�m�a�n�'�s�"� �i�n�v�e�n�t�i�o�n� �w�h�e�n� �C�a�s�s�i�n�i� �c�l�a�i�m�e�d� 
�t�h�a�t� �t�h�e� �F�r�e�n�c�h� �h�a�d� �i�n�v�e�n�t�e�d� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �a�n�d� �m�i�c�r�o�m�e�t�e�r�s� �b�e�f�o�r�e� 
�t�h�e� �E�n�g�l�i�s�h� �[�"�D�r�.� �H�o�o�k�'�s� �A�n�s�w�e�r� �t�o� �s�o�m�e� �p�a�r�t�i�c�u�l�a�r� �C�l�a�i�m�s� �o�f� �M�o�n�s�.� 
�C�a�s�s�i�n�i�'�s�,� �i�n� �h�i�s� �O�r�i�g�i�n�a�l� �a�n�d� �P�r�o�g�r�e�s�s� �o�f� �A�s�t�r�o�n�o�m�y�,�"� �i�n� �R�o�b�e�r�t� �H�o�o�k�e�,� 

�P�h�i�l�o�s�o�p�h�i�c�a�l� �E�x�p�e�r�i�m�e�n�t�s� �a�n�d� �O�b�s�e�r�v�a�t�i�o�n�s�,� �e�d�.� �W�.� �D�e�r�h�a�m� �(�L�o�n�d�o�n�,� �1�7�2�6�;� 
�r�e�p�r�i�n�t�,� �L�o�n�d�o�n�:� �F�r�a�n�k� �C�a�s�s� �a�n�d� �C�o�m�p�a�n�y� �L�i�m�i�t�e�d�,� �1�9�6�7�)�,� �3�9�1�]�.� 

�1�0�9� �O�l�m�s�t�e�d�,� �"�A�p�p�l�i�c�a�t�i�o�n�,�"� �2�1�5�.� 
�1�1�0� �B�r�i�c� �G�.� �F�o�r�b�e�s�,� �"�T�h�e� �C�o�m�e�t� �o�f� �1�6�8�0�-�1�6�8�1�,�"� �i�n� �S�t�a�n�d�i�n�g� �o�n� �t�h�e� 
�S�h�o�u�l�d�e�r�s� �o�f� �G�i�a�n�t�s�:� �A� �L�o�n�g�e�r� �V�i�e�w� �o�f� �N�e�w�t�o�n� �a�n�d� �H�a�l�l�e�y�,� �e�d�.� �N�o�r�m�a�n� �J�.�W�.� 
�T�h�r�o�w�e�r� �(�B�e�r�k�e�l�e�y�,� �C�A�:� �U�n�i�v�e�r�s�i�t�y� �o�f� �C�a�l�i�f�o�r�n�i�a� �P�r�e�s�s�,� �1�9�9�0�)�,� �3�1�9�.� 
�1�1�1� �T�p�i�d�.� 
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�I�n� �b�o�t�h� �t�h�e� �c�a�s�e� �o�f� �t�h�e� �m�i�c�r�o�m�e�t�e�r� �a�n�d� �t�e�l�e�s�c�o�p�i�c� 

�s�i�g�h�t�s�,� �t�h�e� �i�n�s�t�r�u�m�e�n�t�s� �w�e�r�e� �i�n�d�e�p�e�n�d�e�n�t�l�y� �d�i�s�c�o�v�e�r�e�d� �b�y� �t�h�e� 

�F�r�e�n�c�h� �(�P�i�c�a�r�d�,� �A�u�z�o�u�t�)� �a�n�d� �t�h�e� �E�n�g�l�i�s�h� �(�G�a�s�c�o�i�g�n�e�,� �W�r�e�n�,� 

�H�o�o�k�e�)� �(�F�i�g�u�r�e� �7�)�.� �S�i�n�c�e� �e�a�c�h� �s�i�d�e� �k�n�e�w� �i�t� �h�a�d� �a�r�r�i�v�e�d� �a�t� 

�t�h�e� �d�i�s�c�o�v�e�r�i�e�s� �i�n�d�e�p�e�n�d�e�n�t�l�y�,� �a�n�d� �b�e�c�a�u�s�e� �"�t�h�e� 

�i�n�s�t�i�t�u�t�i�o�n�a�l�i�z�e�d� �s�t�a�k�e�s� �o�f� �r�e�p�u�t�a�t�i�o�n� �a�r�e� �h�i�g�h� �a�n�d� �t�h�e� �j�o�y� 

�o�f� �d�i�s�c�o�v�e�r�y� �i�m�m�e�n�s�e�,�"�!�!�2� �c�o�n�t�r�o�v�e�r�s�i�e�s� �a�c�r�o�s�s� �n�a�t�i�o�n�a�l� �l�i�n�e�s� 

�i�n�e�v�i�t�a�b�l�y� �d�e�v�e�l�o�p�e�d�.� �A�s� �t�h�e�r�e� �w�a�s� �m�o�r�e� �o�f� �a�n� �e�m�p�h�a�s�i�s� �o�n� 

�t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �i�n� �t�h�e� �s�e�c�o�n�d� �h�a�l�f� �o�f� �t�h�e� 

�s�e�v�e�n�t�e�e�n�t�h� �c�e�n�t�u�r�y�,� �t�h�e�r�e� �w�e�r�e� �m�o�r�e� �c�h�a�n�c�e�s� �t�h�a�t� �o�t�h�e�r� 

�i�n�s�t�r�u�m�e�n�t�s� �w�o�u�l�d� �b�e� �i�n�d�e�p�e�n�d�e�n�t�l�y� �d�i�s�c�o�v�e�r�e�d�,� �t�h�e�r�e�b�y� 

�c�r�e�a�t�i�n�g� �a�n� �u�n�s�t�a�b�l�e� �e�n�v�i�r�o�n�m�e�n�t� �w�h�i�c�h� �u�s�u�a�l�l�y� �l�e�d� �t�o� 

�c�o�n�t�r�o�v�e�r�s�y�,� �a� �t�o�p�i�c� �w�h�i�c�h� �w�i�l�l� �b�e� �e�x�p�l�o�r�e�d� �i�n� �t�h�e� �n�e�x�t� 

�c�h�a�p�t�e�r�.�!�1�3� 

� � 

�1�1�2� �M�e�r�t�o�n�,� �"�P�r�i�o�r�i�t�i�e�s�,�"� �3�1�4�.� 
�1�1�3� �A�l�t�h�o�u�g�h� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� �d�i�s�c�o�v�e�r�y� �o�f� �i�n�v�e�n�t�i�o�n�s� �c�a�n� �l�e�a�d� �t�o� 
�c�o�n�t�r�o�v�e�r�s�y�,� �i�t� �i�s� �n�o�t� �t�h�e� �o�n�l�y� �c�a�u�s�e� �o�f� �d�i�s�p�u�t�e�s�.� 
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�C�h�a�p�t�e�r� �2� 

�C�o�n�t�r�o�v�e�r�s�i�e�s� �i�n� �t�h�e� �S�e�c�o�n�d� �H�a�l�f� �o�f� �t�h�e� �S�e�v�e�n�t�e�e�n�t�h� 

�C�e�n�t�u�r�y� 

�T�h�e� �R�o�]� �F� �t�h�e� �R�o�v�a�l� �S�o�c�i�e�t�y� �i�n� �C�o�n�t� �;� 

�A�f�t�e�r� �T�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �o�f� �L�o�n�d�o�n� �f�o�r� �I�m�p�r�o�v�i�n�g� �N�a�t�u�r�a�l� 

�K�n�o�w�l�e�d�g�e� �c�h�a�r�t�e�r�e�d� �i�n� �1�6�6�2�,�1�1�4� �T�h�o�m�a�s� �S�p�r�a�t� �l�i�s�t�e�d� �i�t�s� �t�h�r�e�e� 

�g�o�a�l�s�:� �c�o�l�l�e�c�t�i�n�g� �d�a�t�a�,� �d�e�c�i�d�i�n�g� �u�p�o�n� �"�m�a�t�t�e�r�s� �o�f� �f�a�c�t�"� �b�y� 

�r�e�l�y�i�n�g� �o�n� �t�h�e� �a�u�t�h�o�r�i�t�y� �o�f� �n�u�m�b�e�r�s�,� �a�n�d�  ��e�s�t�a�b�l�i�s�h�i�n�g� 

�c�o�n�c�l�u�s�i�o�n�,�"� �a� �t�a�s�k� �i�n� �w�h�i�c�h� �t�h�e� �m�e�m�b�e�r�s� �w�e�r�e� �"�n�o�t� �y�e�t� �v�e�r�y� 

�d�a�r�i�n�g�.�"�!�!�5� �O�n�e� �o�f� �t�h�e� �m�o�s�t� �e�s�s�e�n�t�i�a�l� �f�a�c�t�o�r�s� �f�o�r� �t�h�e� �s�u�c�c�e�s�s� 

�o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�,� �w�a�s� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� �a�n�d� �d�i�f�f�u�s�i�o�n� �o�f� 

�k�n�o�w�l�e�d�g�e�,� �a� �p�r�o�c�e�s�s� �w�h�i�c�h� �e�n�s�u�r�e�d� �t�h�a�t� �i�n�f�o�r�m�a�t�i�o�n� �w�a�s� �n�o�t� 

�o�n�l�y� �g�a�t�h�e�r�e�d�,� �b�u�t� �a�l�s�o� �s�h�a�r�e�d� �w�i�t�h� �t�h�e� �r�e�s�t� �o�f� �t�h�e� 

�s�c�i�e�n�t�i�f�i�c� �c�o�m�m�u�n�i�t�y�.�!�!�©� �M�e�m�b�e�r�s� �k�n�e�w� �t�h�a�t� �l�e�t�t�e�r�s� �t�o� �H�e�n�r�y� 

�O�l�d�e�n�b�u�r�g�,� �t�h�e� �s�e�c�r�e�t�a�r�y� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�,� �b�e�c�a�m�e� �p�u�b�l�i�c� 

�p�r�o�p�e�r�t�y� �s�i�n�c�e� �t�h�e�y� �w�e�r�e� �e�v�e�n�t�u�a�l�l�y� �p�u�b�l�i�s�h�e�d� �a�s� �a�r�t�i�c�l�e�s� �i�n� 
� � 

�1�1�4� �M�a�r�i�e� �B�o�a�s� �H�a�l�l�,�  ��T�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�'�s� �R�o�l�e� �i�n� �t�h�e� �D�i�f�f�u�s�i�o�n� �o�f� 
�I�n�f�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �S�e�v�e�n�t�e�e�n�t�h� �C�e�n�t�u�r�y�,�"� �N�o�t�e�s� �a�n�d� �R�e�c�o�r�d�s� �o�f� �t�h�e� �R�o�y�a�l� 

�S�o�c�i�e�t�y� �o�f� �L�o�n�d�o�n� �2�9� �(�1�9�7�5�)�:� �1�7�3�.� 
�1�1�5� �t�h�o�m�a�s� �S�p�r�a�t�,� �H�i�s�t�o�r�y� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�,� �e�d�s�.� �J�.�I�.� �C�o�p�e� �a�n�d� �H�.�W�.� 
�J�o�n�e�s� �(�S�t�.� �L�o�u�i�s�:� �W�a�s�h�i�n�g�t�o�n� �U�n�i�v�e�r�s�i�t�y� �P�r�e�s�s�,� �1�9�5�8�)�,� �9�5�-�1�0�0�,� �1�0�7�;� �c�i�t�e�d� 
�i�n� �N�o�r�i�s�s� �S�.� �H�e�t�h�e�r�i�n�g�t�o�n�,�  ��T�h�e� �H�e�v�e�l�i�u�s�-�A�u�z�o�u�t� �C�o�n�t�r�o�v�e�r�s�y�,�"� �N�o�t�e�s� �a�n�d� 

�R�e�c�o�r�d�s� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �o�f� �L�o�n�d�o�n� �2�7� �(�1�9�7�2�)�:� �1�0�3�.� 
�1�1�6� �M�.�B�.� �H�a�l�l�,�  ��R�o�y�a�l� �S�o�c�i�e�t�y�'�s� �R�o�l�e�,�"� �1�7�5�.� �I�t� �w�a�s� �o�n�l�y� �t�h�r�o�u�g�h� �t�h�i�s� 
�t�i�m�e�-�c�o�n�s�u�m�i�n�g� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �t�h�a�t� �s�c�i�e�n�t�i�s�t�s� �w�e�r�e� �a�w�a�r�e� �o�f� �w�h�a�t� �w�a�s� 
�g�o�i�n�g� �o�n� �e�l�s�e�w�h�e�r�e� �i�n� �s�c�i�e�n�t�i�f�i�c� �c�i�r�c�l�e�s� �(�I�b�i�d�.�,� �1�7�6�)�.� 
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�t�h�e� �P�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s�.�!�!�!� �T�h�e�r�e�f�o�r�e�,� �s�c�i�e�n�t�i�s�t�s� 

�a�l�w�a�y�s� �w�r�o�t�e� �t�o� �O�l�d�e�n�b�u�r�g� �w�h�e�n� �t�h�e�y� �w�a�n�t�e�d� �"�t�o� �b�e� �s�u�r�e� �t�h�a�t� 

�t�h�e� �a�t�t�e�n�t�i�o�n� �o�f� �t�h�e� �S�o�c�i�e�t�y� �a�s� �a� �w�h�o�l�e� �w�a�s� �d�r�a�w�n� �t�o� �t�h�e�i�r� 

�n�e�w�s�,� �"�1�1�8� 

�F�r�o�m� �t�h�e� �y�e�a�r�s� �1�6�6�2� �t�o� �1�6�7�7�,� �O�l�d�e�n�b�u�r�g� �b�e�c�a�m�e� �i�n�v�o�l�v�e�d� 

�w�i�t�h� �a� �v�a�r�i�e�t�y� �o�f� �d�u�t�i�e�s�:� 

�[�H�e�]� �a�c�t�e�d� �a�s� �a� �c�e�n�t�r�e� �f�o�r� �t�h�e� �c�o�m�m�u�n�i�c�a�t�i�o�n� 
�o�f� �s�c�i�e�n�t�i�f�i�c� �n�e�w�s�,� �s�e�a�r�c�h�i�n�g� �o�u�t� �n�e�w� �s�o�u�r�c�e�s� 
�o�f� �i�n�f�o�r�m�a�t�i�o�n�,� �e�n�c�o�u�r�a�g�i�n�g� �m�e�n� �e�v�e�r�y�w�h�e�r�e� �t�o� 
�m�a�k�e� �t�h�e�i�r� �w�o�r�k� �p�u�b�l�i�c�,� �a�c�t�i�n�g� �a�s� �i�n�t�e�r�m�e�d�i�a�r�y� 
�b�e�t�w�e�e�n� �s�c�i�e�n�t�i�s�t�s� �a�n�d�,� �t�h�r�o�u�g�h� �t�h�e� 
�P�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s�,� �p�r�o�v�i�d�i�n�g� �a� �m�e�d�i�u�m� 
�f�o�r� �t�h�e� �p�u�b�l�i�c�a�t�i�o�n� �o�f� �s�h�o�r�t� �s�c�i�e�n�t�i�f�i�c� 
�p�a�p�e�r�s�.�1�1�9� 

�S�i�n�c�e� �s�c�i�e�n�t�i�s�t�s� �k�n�e�w� �t�h�a�t� �l�e�t�t�e�r�s� �t�o� �O�l�d�e�n�b�u�r�g� �b�e�c�a�m�e� �p�u�b�l�i�c� 

�p�r�o�p�e�r�t�y�,� �t�h�e�y� �r�e�a�l�i�z�e�d� �t�h�a�t�,� �i�n� �s�c�i�e�n�t�i�f�i�c� �m�a�t�t�e�r�s�,� �t�h�e�y� 

�w�r�o�t�e� �t�o� �O�l�d�e�n�b�u�r�g� �i�n� �h�i�s� �c�a�p�a�c�i�t�y� �a�s� �s�e�c�r�e�t�a�r�y� �o�f� �t�h�e� �R�o�y�a�l� 

�S�o�c�i�e�t�y�,� �a�n�d� �n�o�t� �a�s� �a� �p�e�r�s�o�n�a�l� �f�r�i�e�n�d�.�!�2�°� �A�s� �t�h�e� �i�n�t�e�r�m�e�d�i�a�r�y� 

�t�h�r�o�u�g�h� �w�h�i�c�h� �t�h�i�s� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �p�a�s�s�e�d�,� �a�n�d� �a�s� �t�h�e� �e�d�i�t�o�r� 

�a�n�d� �p�u�b�l�i�s�h�e�r� �o�f� �t�h�e� �P�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s�,� �O�l�d�e�n�b�u�r�g� 

�w�a�s� �i�n� �a� �s�t�r�o�n�g�,� �y�e�t� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e�,� �"�v�u�l�n�e�r�a�b�l�e�"�,� 

�p�o�s�i�t�i�o�n�,� �b�e�c�a�u�s�e� �"�i�n� �r�e�l�a�y�i�n�g� �d�i�s�c�o�v�e�r�i�e�s� �a�n�d� �i�n�v�e�n�t�i�o�n�s� �t�o� 

�t�h�e� �p�u�b�l�i�c�,� �h�e� �c�o�n�s�t�a�n�t�l�y� �r�a�n� �t�h�e� �r�i�s�k� �o�f� �b�e�i�n�g� �a�c�c�u�s�e�d� �o�f� 

�l�a�c�k� �o�f� �p�a�t�r�i�o�t�i�s�m� �b�y� �m�e�m�b�e�r�s� �l�i�k�e� �W�a�l�l�i�s� �[�a�n�d� �H�o�o�k�e�]� �w�h�o� 
� � 

�1�1�7� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2� �(�1�6�6�3�-�1�6�6�5�)�,� �x�x�i�i�.� 
�1�1�8� �M�a�r�i�e� �B�o�a�s� �H�a�l�l�,� �"�O�l�d�e�n�b�u�r�g� �a�n�d� �t�h�e� �A�r�t� �o�f� �S�c�i�e�n�t�i�f�i�c� 
�C�o�m�m�u�n�i�c�a�t�i�o�n�,�"� �B�r�i�t�i�s�h� �J�o�u�r�n�a�l� �f�o�r� �t�h�e� �H�i�s�t�o�r�y� �o�f� �S�c�i�e�n�c�e� �2� �(�1�9�6�5�)�:� 
�2�8�5�.� 
�1�1�9� �T�h�i�d�.�,� �2�7�7�.� �T�h�e� �P�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s� �w�a�s� �f�o�u�n�d�e�d� �i�n� �1�6�6�5�,� �a�n�d� 
�w�a�s� �O�l�d�e�n�b�u�r�g�'�s� �o�w�n� �"�p�r�i�v�a�t�e� �v�e�n�t�u�r�e�"� �a�s� �h�e� �c�o�n�c�e�i�v�e�d�,� �e�d�i�t�e�d�,� �a�n�d� 
�p�u�b�l�i�s�h�e�d� �i�t� �a�l�o�n�e�.� �I�t� �b�e�c�a�m�e� �e�s�p�e�c�i�a�l�l�y� �p�o�p�u�l�a�r� �w�i�t�h� �t�h�o�s�e� �w�h�o� �c�o�u�l�d� 
�n�o�t� �r�e�g�u�l�a�r�l�y� �a�t�t�e�n�d� �R�o�y�a�l� �S�o�c�i�e�t�y� �m�e�e�t�i�n�g�s�,� �a�n�d� �t�h�o�s�e� �a�b�r�o�a�d� �(�M�.�B�.� 
�H�a�l�l�,�  ��R�o�y�a�l� �S�o�c�i�e�t�y�'�s� �R�o�l�e�,�"� �1�8�4�-�1�8�6�)�.� 
�1�2�0� �T�1�i�f�f�e�,�  ��I�n� �t�h�e� �W�a�r�e�h�o�u�s�e�,�"� �3�9�.� 
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�w�e�r�e� �e�x�t�r�e�m�e�l�y� �s�e�n�s�i�t�i�v�e� �t�o� �i�s�s�u�e�s� �o�f� �i�n�t�e�r�n�a�t�i�o�n�a�l� �p�r�o�p�e�r�t�y� 

�r�i�g�h�t�s�.�?�!� 

�O�l�d�e�n�b�u�r�g� �b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�e� �b�e�s�t� �w�a�y� �t�o� �a�d�v�a�n�c�e� �s�c�i�e�n�c�e�,� 

�w�a�s� �b�y� �h�a�v�i�n�g� �s�c�i�e�n�t�i�s�t�s� �c�o�m�p�a�r�e� �a�n�d� �c�r�i�t�i�c�i�z�e� �e�a�c�h� �o�t�h�e�r�'�s� 

�i�d�e�a�s�,� �a�n�d� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �a�f�f�o�r�d�e�d� �t�h�a�t� �o�p�p�o�r�t�u�n�i�t�y� �b�e�c�a�u�s�e� 

�s�t�a�t�i�n�g� �o�n�e�'�s� �v�i�e�w�s� �p�u�b�l�i�c�l�y� �l�e�t� �o�t�h�e�r�s� �k�n�o�w� �w�h�a�t� �t�h�a�t� 

�p�a�r�t�i�c�u�l�a�r� �i�n�d�i�v�i�d�u�a�l� �w�a�s� �d�o�i�n�g�.�!�2�2� �O�l�d�e�n�b�u�r�g� �a�t�t�e�m�p�t�e�d� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �m�e�t�h�o�d�:� �f�i�r�s�t�,� �"�l�e�t� �X� �k�n�o�w� �Y�'�s� �s�c�i�e�n�t�i�f�i�c� �i�d�e�a�s�,� 

�b�u�t� �a�l�s�o� �l�e�t� �X� �k�n�o�w� �w�h�a�t� �Y� �t�h�o�u�g�h�t� �o�f� �X�'�s� �i�d�e�a�s�"� �-�-� �t�h�i�s� 

�w�o�u�l�d� �p�r�o�v�o�k�e� �X� �t�o� �a�n�s�w�e�r� �Y�'�s� �c�r�i�t�i�c�i�s�m�s�,� �a�n�d� �t�o� �f�u�r�t�h�e�r� 

�d�e�v�e�l�o�p� �X�'�s� �o�w�n� �t�h�e�o�r�y� �(�t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �w�o�u�l�d� �a�c�t� �a�s� �t�h�e� 

�a�d�j�u�d�i�c�a�t�o�r� �i�n� �t�h�e� �e�x�c�h�a�n�g�e� �o�f� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� 

�t�w�o�)� �.�1�2�3�.� �A�l�t�h�o�u�g�h� �t�h�i�s� �w�a�s� �t�h�e� �u�s�u�a�l� �f�o�r�m�a�t� �f�o�r� �t�h�e� �e�x�c�h�a�n�g�e� 

�o�f� �i�n�f�o�r�m�a�t�i�o�n�,� �t�h�e� �t�a�c�t�i�c�s� �u�s�e�d� �i�n� �r�e�s�o�l�v�i�n�g� �d�i�s�p�u�t�e�s� 

�u�s�u�a�l�l�y� �d�e�p�e�n�d�e�d� �u�p�o�n� �t�h�e� �s�o�c�i�a�l� �s�t�a�t�u�s� �o�f� �p�a�r�t�i�c�i�p�a�n�t�s� �a�n�d� 

�t�h�e�  ��c�o�n�t�i�n�g�e�n�t� �l�o�c�a�l� �s�i�t�u�a�t�i�o�n� �o�f� �t�h�e� �d�e�b�a�t�e�.�"�1�2�4� 

�T�h�e� �s�p�e�c�i�f�i�c� �t�a�s�k� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �i�n� �d�i�s�p�u�t�e�s�,� �w�a�s� 

�t�o�  ��p�o�l�i�c�e� �b�e�h�a�v�i�o�u�r�"� �o�v�e�r� �d�i�s�c�o�v�e�r�i�e�s� �a�n�d� �n�e�w� �i�n�v�e�n�t�i�o�n�s�,� 

�t�h�e�r�e�b�y� �f�o�r�e�s�t�a�l�l�i�n�g�,� �"�i�n� �p�r�i�n�c�i�p�l�e�,�"� �u�n�g�e�n�t�l�e�m�a�n�l�y� �b�e�h�a�v�i�o�r� 

�b�e�t�w�e�e�n� �m�e�m�b�e�r�s� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �-�-� �t�h�o�u�g�h� �c�o�n�t�r�o�v�e�r�s�i�e�s� 

�c�o�n�t�i�n�u�o�u�s�l�y� �o�c�c�u�r�r�e�d�.�/�*�5� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �s�o�c�i�a�l� �s�t�a�t�u�s� �a�n�d� 
� � 

�1�2�1� �T�p�i�d�.�,� �3�4�-�3�5�.� �E�v�e�n� �B�o�y�l�e� �h�a�d� �w�a�r�n�e�d� �h�i�m� �i�n� �1�6�6�7� �t�o�  ��p�r�o�c�e�e�d� 
�c�a�r�e�f�u�l�l�y� �i�n� �o�r�d�e�r� �t�o� �a�v�o�i�d� �c�h�a�r�g�e�s� �o�f� �p�l�a�g�i�a�r�i�s�m�.�"� �P�e�r�s�o�n�a�l� �d�i�s�p�u�t�e�s� 
�c�o�u�l�d� �b�e� �a�v�o�i�d�e�d� �i�f� �O�l�d�e�n�b�u�r�g� �w�a�s� �m�o�r�e� �c�a�u�t�i�o�u�s� �e�n�d�o�r�s�i�n�g� �l�e�t�t�e�r�s� 
�(�I�b�i�d�.�,� �3�5�)�.� 
�1�2�2� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2�,� �x�x�i�i�-�x�x�i�i�i�;� �a�n�d� �M�.�B�.� �H�a�l�l�,� 
 ��O�l�d�e�n�b�u�r�g�,�"� �2�8�7�.� 

�1�2�3� �I�b�i�d�.� �(�f�o�r� �b�o�t�h� �s�o�u�r�c�e�s�)� 
�1�2�4� �T�l�i�f�f�e�,� �"�I�n� �t�h�e� �W�a�r�e�h�o�u�s�e�,�"� �5�3�.� 
�1�2�3� �I�b�i�d�.�,� �3�6�.� 

�3�8



�m�a�n�n�e�r�s� �o�f� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �m�a�t�t�e�r�e�d� �a�s� �m�u�c�h� �a�s� �a�n�y� �f�e�a�t�u�r�e� 

�o�f� �a� �d�i�s�c�o�v�e�r�y� �o�r� �i�n�v�e�n�t�i�o�n�.�}�2�°� �T�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�'�s� �f�u�n�c�t�i�o�n� 

�a�s� �a�d�j�u�d�i�c�a�t�o�r�,� �w�a�s� �a� �d�i�s�t�i�n�c�t�i�o�n� �r�e�c�o�g�n�i�z�e�d� �n�o�t� �o�n�l�y� �b�y� �i�t�s� 

�m�e�m�b�e�r�s� �i�n� �E�n�g�l�a�n�d�,� �b�u�t� �a�l�s�o� �f�o�r�e�i�g�n�e�r�s� �(�w�h�e�t�h�e�r� �t�h�e�y� �w�e�r�e� 

�m�e�m�b�e�r�s� �o�r� �n�o�t�)� �w�h�o� �r�e�g�a�r�d�e�d� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �"�a�s� �t�h�e� 

�u�l�t�i�m�a�t�e� �t�r�i�b�u�n�a�l� �f�o�r� �a�r�b�i�t�r�a�t�i�o�n� �i�n� �m�a�t�t�e�r�s� �o�f� �s�c�i�e�n�t�i�f�i�c� 

�a�c�h�i�e�v�e�m�e�n�t� �a�n�d� �t�h�e� �c�o�-�o�r�d�i�n�a�t�o�r� �o�f� �a�l�l� �n�e�w�s� �i�n� �t�h�e� �w�o�r�l�d� �o�f� 

�s�c�i�e�n�c�e�,�"�1�2�7� 

�U�l�t�i�m�a�t�e�l�y�,� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �a�c�t�e�d� �a�s� �a�r�b�i�t�e�r�,� �n�o�t� �o�n�l�y� 

�f�o�r� �E�n�g�l�i�s�h�,� �b�u�t� �a�l�s�o� �f�o�r� �i�n�t�e�r�n�a�t�i�o�n�a�l�,� �p�r�i�o�r�i�t�y� �d�i�s�p�u�t�e�s� 

�a�n�d� �c�o�n�t�r�o�v�e�r�s�i�e�s�.� �I�n� �f�a�c�t�,� �t�h�e� �n�u�m�b�e�r� �o�f� �i�n�t�e�r�n�a�t�i�o�n�a�l� 

�c�o�n�t�r�o�v�e�r�s�i�e�s� �e�q�u�a�l�e�d�,� �i�f� �n�o�t� �s�u�r�p�a�s�s�e�d�,� �t�h�e� �n�u�m�b�e�r� �o�f� 

�E�n�g�l�i�s�h� �c�o�n�t�r�o�v�e�r�s�i�e�s�.� �N�a�t�i�o�n�a�l� �p�r�i�o�r�i�t�y� �c�l�a�i�m�s� �b�e�c�a�m�e� �a� 

�c�e�n�t�r�a�l� �i�s�s�u�e� �i�n� �a�n�y� �d�i�s�p�u�t�e� �w�h�i�c�h� �c�r�o�s�s�e�d� �i�n�t�e�r�n�a�t�i�o�n�a�l� 

�b�o�u�n�d�a�r�i�e�s�:� 

�I�n� �a� �w�o�r�l�d� �m�a�d�e� �u�p� �o�f� �n�a�t�i�o�n�a�l� �s�t�a�t�e�s�,� �e�a�c�h� 
�w�i�t�h� �i�t�s� �o�w�n� �s�h�a�r�e� �o�f� �e�t�h�n�o�c�e�n�t�r�i�s�m�,� �t�h�e� �n�e�w� 
�d�i�s�c�o�v�e�r�y� �r�e�d�o�u�n�d�s� �t�o� �t�h�e� �c�r�e�d�i�t� �o�f� �t�h�e� 
�d�i�s�c�o�v�e�r�e�r� �n�o�t� �a�s� �a�n� �i�n�d�i�v�i�d�u�a�l� �o�n�l�y�,� �b�u�t� �a�l�s�o� 
�a�s� �a� �n�a�t�i�o�n�a�l�.� �F�r�o�m� �a�t� �l�e�a�s�t� �t�h�e� �s�e�v�e�n�t�e�e�n�t�h� 
�c�e�n�t�u�r�y�,� �B�r�i�t�o�n�s�,� �F�r�e�n�c�h�m�e�n�,� �G�e�r�m�a�n�s�,� 
�D�u�t�c�h�m�e�n�,� �a�n�d� �I�t�a�l�i�a�n�s� �h�a�v�e� �u�r�g�e�d� �t�h�e�i�r� 
�c�o�u�n�t�r�y�'�s� �c�l�a�i�m�s� �t�o� �p�r�i�o�r�i�t�y�.�?�2�8� 

�I�d�e�a�l�l�y�,� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �n�e�e�d�e�d� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �a� �n�o�n�-� 

�p�a�r�t�i�s�a�n� �a�t�t�i�t�u�d�e� �i�n� �a�l�l� �i�n�t�e�r�n�a�t�i�o�n�a�l� �c�o�n�t�r�o�v�e�r�s�i�e�s�,� �b�u�t� �b�y� 

� � 

�1�2�6� �"�Q�u�e�s�t�i�o�n�s� �c�o�n�c�e�r�n�i�n�g� �h�o�n�o�u�r� �r�e�v�o�l�v�e�d� �a�r�o�u�n�d� �d�i�s�p�u�t�e�s� �a�b�o�u�t� �t�r�u�t�h�"� 
�(�I�b�i�d�.�,� �5�4�)�.� 
�1�2�7� �M�.�B�.� �H�a�l�l�,�  ��R�o�y�a�l� �S�o�c�i�e�t�y�'�s� �R�o�l�e�,�"� �1�8�4�.� 
�1�2�8� �M�e�r�t�o�n�,� �"�P�r�i�o�r�i�t�i�e�s�,�"� �2�9�6�.� �O�n�e� �i�s� �r�e�m�i�n�d�e�d� �o�f� �t�h�e� �t�w�o� �p�r�i�o�r�i�t�y� 
�d�i�s�p�u�t�e�s� �o�v�e�r� �t�h�e� �m�i�c�r�o�m�e�t�e�r� �a�n�d� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �w�h�i�c�h� �t�r�a�n�s�p�i�r�e�d� 
�b�e�t�w�e�e�n� �t�h�e� �E�n�g�l�i�s�h� �a�n�d� �F�r�e�n�c�h� �i�n� �t�h�e� �1�6�6�0�'�s�.� 

�3�9



�t�h�e� �m�i�d�-�1�6�6�0�'�s�,� �e�v�e�n� �O�l�d�e�n�b�u�r�g� �s�i�d�e�d� �w�i�t�h� �t�h�e� �E�n�g�l�i�s�h�,� �a�n�d� 

�w�a�s� �e�a�g�e�r� �t�o� �d�e�f�e�n�d� �E�n�g�l�i�s�h� �p�r�i�o�r�i�t�i�e�s�.�}�2�9� 

�T�h�e� �H�o�o�k�e�-�2� �-� �C�o�n�t� �t�h�e� �I� �-�G�r�i�n�d�i�n�g� �M�a�c�h�i� 

�I�n� �t�h�e� �e�a�r�l�y� �1�6�6�0�'�s�,� �O�l�d�e�n�b�u�r�g� �s�u�c�c�e�s�s�f�u�l�l�y� �s�e�r�v�e�d� �a�s� 

�t�h�e� �i�n�t�e�r�m�e�d�i�a�r�y� �i�n� �a� �m�i�n�o�r� �c�o�n�t�r�o�v�e�r�s�y� �b�e�t�w�e�e�n� �R�o�b�e�r�t� �H�o�o�k�e� 

�a�n�d� �A�d�r�i�e�n� �A�u�z�o�u�t� �o�v�e�r� �t�h�e� �i�s�s�u�e� �c�o�n�c�e�r�n�i�n�g� �a� �l�e�n�s�-�g�r�i�n�d�i�n�g� 

�m�a�c�h�i�n�e� �o�f� �H�o�o�k�e�'�s� �d�e�s�i�g�n�.�}�?�°� �T�h�e� �p�r�e�s�c�r�i�b�e�d� �p�r�a�c�t�i�c�e� �o�f� 

�m�e�t�h�o�d�i�c�a�l�l�y� �r�e�p�l�y�i�n�g� �t�o� �a�n�o�t�h�e�r�'�s� �c�r�i�t�i�c�i�s�m�s� �w�o�r�k�e�d� 

�e�s�p�e�c�i�a�l�l�y� �w�e�l�l� �i�n� �t�h�i�s� �p�a�r�t�i�c�u�l�a�r� �c�o�n�t�r�o�v�e�r�s�y�,� �a�n�d� �t�h�e� �w�h�o�l�e� 

�m�a�t�t�e�r� �w�a�s� �s�o� �p�o�l�i�t�e�l�y� �h�a�n�d�l�e�d�,� �t�h�a�t� �e�v�e�n� �H�o�o�k�e� �w�a�s� �n�o�t� 

�o�f�f�e�n�d�e�d�.�!�3�!� �I�n� �o�r�d�e�r� �t�o� �u�n�d�e�r�s�t�a�n�d� �H�o�o�k�e�'�s� �e�m�p�h�a�s�i�s� �o�n� �t�h�e� 

�c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �h�i�s� �l�e�n�s�-�g�r�i�n�d�i�n�g� �m�a�c�h�i�n�e�,� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� 

�b�r�i�e�f�l�y� �e�x�p�l�a�i�n� �h�i�s� �r�e�l�a�t�i�o�n�s�h�i�p� �w�i�t�h� �m�e�c�h�a�n�i�c�a�l� �d�e�v�i�c�e�s�,� �a�n�d� 

�h�i�s� �a�t�t�i�t�u�d�e� �i�n� �d�i�s�p�u�t�e�s�.� 

�S�i�n�c�e� �h�e� �w�a�s� �a� �c�h�i�l�d�,� �H�o�o�k�e� �w�a�s� �a�l�w�a�y�s� �i�n�v�o�l�v�e�d� �i�n� 

�i�n�s�t�r�u�m�e�n�t�-�m�a�k�i�n�g�,� �e�v�e�n�t�u�a�l�l�y� �a�d�d�i�n�g� �t�o�,� �o�r� �m�o�d�i�f�y�i�n�g�,� 

�i�n�s�t�r�u�m�e�n�t�s� �(�h�e� �w�a�s� �t�h�e� �f�i�r�s�t� �t�o� �u�s�e� �h�a�i�r�s� �i�n� �a� 

�m�i�c�r�o�m�e�t�e�r�)� �.�1�!�%�?� �M�o�r�e�o�v�e�r�,� �h�e� �w�a�s� �a�  ��p�r�o�p�a�g�a�n�d�i�s�t� �o�f� �n�e�w� 
� � 

�1�2�9�°� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �3�,� �x�x�v�;� �a�n�d� �M�.�B�.� �H�a�l�l�,� 
�"�O�l�d�e�n�b�u�r�g�,�"� �2�8�7�.� �T�h�i�s� �d�o�e�s� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �s�u�g�g�e�s�t� �t�h�a�t� �O�l�d�e�n�b�u�r�g� 
�a�l�w�a�y�s� �s�i�d�e�d� �w�i�t�h� �t�h�e� �E�n�g�l�i�s�h�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �i�s�s�u�e�s� �c�o�n�c�e�r�n�e�d�.� 
�1�3�0� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2�,� �x�x�i�i�.� 

�1�3�1� �M�.�B�.� �H�a�l�l�,� �"�O�l�d�e�n�b�u�r�g�,�"� �2�8�7�.� �H�o�w�e�v�e�r�,� �i�t� �h�e�l�p�e�d� �t�h�a�t� �O�l�d�e�n�b�u�r�g� �w�a�s� 
�o�n� �H�o�o�k�e�'�s� �s�i�d�e�.� 
�1�3�2� �R�i�c�h�a�r�d� �S�.� �W�e�s�t�f�a�l�l�,�  ��R�o�b�e�r�t� �H�o�o�k�e�,�"� �D�i�c�t�i�o�n�a�r�y� �o�f� �S�c�i�e�n�t�i�f�i�c� 
�B�i�o�g�r�a�p�h�y�,� �V�o�l�.� �6�,� �e�d�.� �C�h�a�r�l�e�s� �C�o�u�l�s�t�o�n� �G�i�l�l�i�s�p�i�e� �(�N�e�w� �Y�o�r�k�:� �C�h�a�r�l�e�s� 
�S�c�r�i�b�n�e�r�'�s� �S�o�n�s�,� �1�9�7�0�)�,� �4�8�7�.� 

�4�0



�i�n�s�t�r�u�m�e�n�t�a�t�i�o�n�,�"� �a�n�d� �h�a�d� �a� �"�c�o�m�m�i�t�m�e�n�t� �t�o� �p�r�o�g�r�e�s�s� �t�h�r�o�u�g�h� 

�[�t�h�i�s�]� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n�.�"�!�3�3� �T�h�e� �"�o�n�e� �c�r�u�c�i�a�l� �t�h�e�m�e�"� �w�h�i�c�h� 

�a�f�f�e�c�t�e�d� �a�l�m�o�s�t� �e�v�e�r�y� �s�i�n�g�l�e� �c�o�n�t�r�o�v�e�r�s�y� �h�e� �b�e�c�a�m�e� �i�n�v�o�l�v�e�d� 

�w�i�t�h�,� �w�a�s� �"�h�i�s� �l�i�f�e�l�o�n�g� �s�t�r�e�s�s� �o�n� �t�h�e� �v�a�l�u�e� �o�f� �i�n�s�t�r�u�m�e�n�t�s� �i�n� 

�e�n�h�a�n�c�i�n�g� �h�u�m�a�n� �a�b�i�l�i�t�y� �t�o� �o�b�s�e�r�v�e� �a�n�d� �m�e�a�s�u�r�e� �n�a�t�u�r�a�l� 

�p�h�e�n�o�m�e�n�a�.�"�!�3�4� �W�i�t�h�o�u�t� �i�n�s�t�r�u�m�e�n�t�s� �t�o� �e�x�t�e�n�d� �t�h�e� �h�u�m�a�n� �s�e�n�s�e�s� 

�a�n�d� �m�e�a�s�u�r�e� �p�h�e�n�o�m�e�n�a�,� �t�h�e� �p�r�o�g�r�e�s�s� �o�f� �s�c�i�e�n�c�e� �w�o�u�l�d� �s�l�o�w� 

�d�o�w�n� �a�n�d�,� �u�l�t�i�m�a�t�e�l�y�,� �s�c�i�e�n�t�i�s�t�s� �w�o�u�l�d� �e�x�h�a�u�s�t� �a�l�l� �p�o�s�s�i�b�l�e� 

�m�e�a�n�s� �o�f� �o�b�s�e�r�v�a�t�i�o�n�.� 

�M�o�r�e� �t�h�a�n� �a�n�y� �o�t�h�e�r� �i�n�d�i�v�i�d�u�a�l� �d�u�r�i�n�g� �t�h�e� �s�e�v�e�n�t�e�e�n�t�h� 

�c�e�n�t�u�r�y�,� �H�o�o�k�e�'�s� �i�r�a�s�c�i�b�l�e� �a�n�d� �j�e�a�l�o�u�s� �t�e�m�p�e�r�a�m�e�n�t� 

�c�o�n�t�r�i�b�u�t�e�d� �e�x�t�e�n�s�i�v�e�l�y� �t�o� �h�i�s� �b�e�h�a�v�i�o�r� �t�o�w�a�r�d�s� �o�t�h�e�r�s�.�1�!�3�>� �H�e� 

�w�a�s� �d�e�s�c�r�i�b�e�d� �a�s� �t�h�e�  ��u�n�i�v�e�r�s�a�l� �c�l�a�i�m�a�n�t�"� �b�e�c�a�u�s�e�,� �u�n�l�i�k�e� 

�o�t�h�e�r� �s�c�i�e�n�t�i�s�t�s�,� �"�t�h�e�r�e� �w�a�s� �s�c�a�r�c�e�l�y� �a� �d�i�s�c�o�v�e�r�y� �i�n� �h�i�s� �t�i�m�e� 

�w�h�i�c�h� �h�e� �d�i�d� �n�o�t� �c�o�n�c�e�i�v�e� �h�i�m�s�e�l�f� �t�o� �c�l�a�i�m�,�"�1�!�3�6� �N�o�t� 

�S�u�r�p�r�i�s�i�n�g�l�y�,� �H�o�o�k�e� �b�e�c�a�m�e� �i�n�v�o�l�v�e�d� �i�n� �e�n�d�l�e�s�s� �p�r�i�o�r�i�t�y� 

�d�i�s�p�u�t�e�s� �a�n�d� �c�o�n�t�r�o�v�e�r�s�i�e�s�.� �H�i�s� �c�u�s�t�o�m� �i�n� �s�u�c�h� �c�a�s�e�s� �w�a�s� �t�o� 

 ��d�e�f�e�n�d� �h�i�s� �i�n�t�e�r�e�s�t�s�,�"� �a�n�d� �i�n�s�i�s�t� �"�t�h�a�t� �h�i�s� �o�r�i�g�i�n�a�l�i�t�y� �b�e� 

�p�u�b�l�i�c�l�y� �a�c�k�n�o�w�l�e�d�g�e�d�.� �"�1�3�!� 
� � 

�1�3�3� �M�i�c�h�a�e�l� �H�u�n�t�e�r� �a�n�d� �S�i�m�o�n� �S�c�h�a�f�f�e�r�,�  ��I�n�t�r�o�d�u�c�t�i�o�n�,�"� �i�n� �R�o�b�e�r�t� �H�o�o�k�e�:� 

�N�e�w� �S�t�u�d�i�e�s�,� �e�d�s�.� �M�i�c�h�a�e�l� �H�u�n�t�e�r� �a�n�d� �S�i�m�o�n� �S�c�h�a�f�f�e�r� �(�W�o�o�d�b�r�i�d�g�e�,� 
�S�u�f�f�o�l�k�:� �T�h�e� �B�o�y�d�e�l�l� �P�r�e�s�s�,� �1�9�8�9�)�,� �8�,� �1�9�.� 

�1�3�4� �T�b�h�i�d�.�,� �1�7�.� 
�1�3�5� �B�é�z�i�a�t� �c�o�n�t�e�n�d�s� �t�h�a�t� �h�i�s� �a�t�t�i�t�u�d�e� �h�a�d� �s�o�m�e�t�h�i�n�g� �t�o� �d�o� �w�i�t�h� �h�i�s� 
�c�h�i�l�d�h�o�o�d� �i�n�f�i�r�m�i�t�i�e�s� �a�n�d� �t�h�e� �f�a�c�t� �t�h�a�t� �h�e� �w�a�s� �a� �h�u�n�c�h�b�a�c�k� �[�L�.�C�.� �B�é�z�i�a�t�,� 
�"�L�a� �v�i�e� �e�t� �l�e�s� �t�r�a�v�a�u�x� �d�e� �J�e�a�n� �H�é�v�é�l�i�u�s�,�"� �B�u�l�l�e�t�i�n�o� �d�i� �B�i�b�l�i�o�g�r�a�p�h�i�a� �e� 

�d�i� �S�t�o�r�i�a� �d�e�l�l�e� �S�c�i�e�z�e� �M�a�t�e�m�a�t�i�c�h�e� �e� �F�i�s�i�c�h�e� �8� �(�1�8�7�5�)�:� �6�1�3�]�.� 
�1�3�6� �M�e�r�t�o�n�,�  ��P�r�i�o�r�i�t�y� �D�i�s�p�u�t�e�s�,�"� �2�8�7�.� 
�1�3�7� �S�t�e�v�e�n� �S�h�a�p�i�n�,� �"�W�h�o� �w�a�s� �R�o�b�e�r�t� �H�o�o�k�e�?�"� �i�n� �H�u�n�t�e�r� �a�n�d� �S�c�h�a�f�f�e�r�,� 
�R�o�b�e�r�t� �H�o�o�k�e�,� �2�7�4�-�2�7�5�.� �A�l�t�h�o�u�g�h� �t�h�i�s� �r�e�s�p�o�n�s�e� �d�i�d� �n�o�t� �g�r�e�a�t�l�y� �d�i�f�f�e�r� 
�f�r�o�m� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� �o�t�h�e�r� �p�a�r�t�i�c�i�p�a�n�t�s� �i�n� �c�o�n�t�r�o�v�e�r�s�i�e�s�,� �h�i�s� �i�r�a�s�c�i�b�l�e� 
�b�e�h�a�v�i�o�r� �a�l�m�o�s�t� �a�l�w�a�y�s� �a�c�c�o�m�p�a�n�i�e�d� �h�i�s� �r�e�b�u�t�t�a�l�s�.� �I�n� �H�o�o�k�e�'�s� �h�e�a�t�e�d� 
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�I�n� �t�h�e� �P�r�e�f�a�c�e� �t�o� �h�i�s� �M�i�c�r�o�g�r�a�p�h�i�a� �(�1�6�6�5�)�,� �H�o�o�k�e� 

�d�e�s�c�r�i�b�e�d� �a� �l�e�n�s�-�g�r�i�n�d�i�n�g� �m�a�c�h�i�n�e� �w�h�i�c�h� �c�o�u�l�d� �c�r�e�a�t�e� �a� �l�e�n�s� 

�o�f� �a�n�y� �s�i�z�e� �r�a�d�i�u�s� �-�-� �a� �m�a�c�h�i�n�e� �w�h�i�c�h� �h�e� �n�e�v�e�r� �b�u�i�l�t�.� 

�S�e�v�e�r�a�l� �m�o�n�t�h�s� �a�f�t�e�r� �t�h�e� �p�u�b�l�i�c�a�t�i�o�n� �o�f� �h�i�s� �b�o�o�k�,� �A�u�z�o�u�t�,� �i�n� 

�a�n� �e�p�i�s�t�l�e� �a�g�a�i�n�s�t� �G�u�i�s�e�p�p�e� �C�a�m�p�a�n�i�,� �m�e�n�t�i�o�n�e�d� �h�i�s� �o�w�n� 

�a�r�g�u�m�e�n�t�s� �a�g�a�i�n�s�t� �H�o�o�k�e�'�s� �p�r�o�p�o�s�a�l�,� �c�l�a�i�m�i�n�g� �t�h�a�t� �H�o�o�k�e� 

�s�h�o�u�l�d� �n�o�t� �p�r�o�m�o�t�e� �a� �m�a�c�h�i�n�e� �w�i�t�h�o�u�t� �t�r�y�i�n�g� �i�t� �f�i�r�s�t�.� �I�n� 

�a�d�d�i�t�i�o�n� �t�o� �t�h�e� �d�i�f�f�i�c�u�l�t�i�e�s� �i�n�v�o�l�v�e�d� �i�n� �t�r�y�i�n�g� �t�o� �p�e�r�f�e�c�t� 

�s�u�c�h� �a� �m�a�c�h�i�n�e�,� �A�u�z�o�u�t� �d�o�u�b�t�e�d� �i�t�s� �a�b�i�l�i�t�y� �t�o� �m�a�k�e� �l�e�n�s�e�s� 

�w�i�t�h� �f�o�c�a�l� �l�e�n�g�t�h�s� �o�f� �1�,�0�0�0� �o�r� �e�v�e�n� �1�0�,�0�0�0� �f�e�e�t�,� �a�n�d� �h�e� 

�e�m�p�h�a�s�i�z�e�d� �h�o�w� �o�n�e� �c�o�u�l�d� �n�o�t� �e�v�e�n� �f�i�n�d� �a� �g�o�o�d� �l�e�n�s� �o�f� �3�0� �f�e�e�t� 

�f�o�c�a�l� �l�e�n�g�t�h�.�1�3�8� 

�H�o�o�k�e� �r�e�s�p�o�n�d�e�d� �t�o� �A�u�z�o�u�t�'�s� �o�b�j�e�c�t�i�o�n�s�,� �p�o�i�n�t� �b�y� �p�o�i�n�t�,� 

�i�n� �a�n� �a�g�r�e�e�a�b�l�e� �m�a�n�n�e�r�.�!�3�9� �W�h�e�n� �O�l�d�e�n�b�u�r�g� �a�c�q�u�a�i�n�t�e�d� �A�u�z�o�u�t� 

�w�i�t�h� �H�o�o�k�e�'�s� �r�e�p�l�y�,� �A�u�z�o�u�t� �r�e�s�p�o�n�d�e�d� �w�i�t�h� �a� �n�e�w� �l�e�t�t�e�r� �t�o� 

�O�l�d�e�n�b�u�r�g� �i�n� �w�h�i�c�h� �h�e�,� �t�o�o�,� �a�d�d�r�e�s�s�e�d� �e�a�c�h� �o�f� �H�o�o�k�e�'�s� 

�c�o�u�n�t�e�r�-�a�r�g�u�m�e�n�t�s�.� �H�e� �i�n�s�i�s�t�e�d� �t�h�a�t� �t�h�e� �o�n�l�y� �e�f�f�e�c�t�i�v�e� �w�a�y� 

�H�o�o�k�e� �c�a�n� �r�e�s�p�o�n�d� �t�o� �A�u�z�o�u�t�'�s� �o�b�j�e�c�t�i�o�n�s�,� �w�a�s� �b�y� �b�u�i�l�d�i�n�g� �t�h�e� 

�m�a�c�h�i�n�e�:� 

� � 

�c�o�n�t�r�o�v�e�r�s�y� �w�i�t�h� �C�h�r�i�s�t�i�a�n� �H�u�y�g�e�n�s�,� �H�u�y�g�e�n�s� �e�v�e�n�t�u�a�l�l�y� �l�o�s�t� �f�a�i�t�h� �i�n� �t�h�e� 
�R�o�y�a�l� �S�o�c�i�e�t�y�'�s� �a�b�i�l�i�t�y� �t�o� �s�u�c�c�e�s�s�f�u�l�l�y� �a�d�j�u�d�i�c�a�t�e� �t�h�e� �m�a�t�t�e�r�,� �a�n�d� �h�e� 
�s�t�o�p�p�e�d� �a�c�t�i�n�g� �l�i�k�e� �a� �g�e�n�t�l�e�m�a�n� �w�h�e�n� �h�e� �r�e�a�l�i�z�e�d� �H�o�o�k�e� �n�e�v�e�r� �d�i�d�,� �n�o�r� 
�i�n�t�e�n�d�e�d� �t�o� �(�I�l�i�f�f�e�,�  ��I�n� �t�h�e� �W�a�r�e�h�o�u�s�e�,�"� �4�4�)�.� 

�1�3�8� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2�,� �3�8�8�-�3�8�9� �n�.� �2�.� �A�u�z�o�u�t� �s�t�a�t�e�d�,� 
 ��I� �w�a�s� �m�o�s�t� �s�u�r�p�r�i�s�e�d�.� �.� �.� �t�o� �s�e�e� �t�h�a�t� �h�e� �h�a�d� �p�u�b�l�i�s�h�e�d� �i�t� �o�n� �[�t�h�e� �b�a�s�i�s� 
�o�f�]� �a� �s�i�m�p�l�e� �t�h�e�o�r�y�,� �w�i�t�h�o�u�t� �h�a�v�i�n�g� �t�r�i�e�d� �i�t� �i�n� �g�r�e�a�t� �o�r� �i�n� �s�m�a�l�l�"� 
�(�I�b�i�d�.�,� �3�8�9� �n�.� �3�)�.� �H�o�o�k�e� �r�e�s�p�o�n�d�e�d�,� �"�I�t� �w�a�s� �n�o�t� �m�e�e�r� �T�h�e�o�r�y� �I� 
�p�r�o�p�o�u�n�d�e�d�,� �b�u�t� �s�o�m�e�w�h�a�t� �o�f� �H�i�s�t�o�r�y� �a�n�d� �m�a�t�t�e�r� �o�f� �F�a�c�t�,�"� �a�s� �h�e� �c�l�a�i�m�e�d� 
�t�h�a�t� �h�e� �h�a�d� �t�r�i�e�d� �b�u�i�l�d�i�n�g� �t�h�i�s� �m�a�c�h�i�n�e� �(�H�o�o�k�e� �t�o� �O�l�d�e�n�b�u�r�g�,� �?� �M�a�y� �1�6�6�5�,� 
�H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2�,� �3�8�3�)�.� 

�1�3�9� �S�e�e� �H�o�o�k�e� �t�o� �O�l�d�e�n�b�u�r�g�,� �?� �M�a�y� �1�6�6�5�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� 
�V�o�l�.� �2�,� �3�8�3�-�3�8�9�.� 
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�I� �t�h�i�n�k� �t�h�a�t� �w�h�e�n� �d�o�u�b�t�s� �a�r�e� �r�a�i�s�e�d� �a�b�o�u�t� �t�h�e� 
�w�o�r�k�i�n�g� �o�f� �a� �m�a�c�h�i�n�e� �i�t� �i�s� �n�o�t� �e�n�o�u�g�h� �t�o� �t�r�y� 
�t�o� �r�e�p�l�y� �t�o� �t�h�e� �r�e�a�s�o�n�s� �g�i�v�e�n� �f�o�r� �t�h�e�s�e� 
�d�o�u�b�t�s�;� �s�i�n�c�e� �t�h�e� �q�u�e�s�t�i�o�n� �i�s� �w�h�e�t�h�e�r� �i�t� �w�o�r�k�s� 
�o�r� �n�o�t�,� �t�h�e� �o�n�l�y� �t�h�i�n�g� �t�o� �d�o� �t�o� �s�i�l�e�n�c�e� �t�h�o�s�e� 
�w�h�o� �r�a�i�s�e� �d�o�u�b�t�s� �i�s� �t�o� �s�h�o�w� �t�h�e�m� �h�o�w� �i�t� �c�a�n� �b�e� 
�m�a�d�e� �t�o� �w�o�r�k�,� �a�n�d� �a�n�y� �o�t�h�e�r� �r�e�p�l�y� �i�s� �i�n� �d�a�n�g�e�r� 
�o�f� �b�e�i�n�g� �u�s�e�l�e�s�s�.� �.� �.� �.� �H�e� �w�i�l�l� �p�l�e�a�s�e� �f�o�r�g�i�v�e� 
�m�e� �t�h�e�n� �i�f� �I� �c�o�n�t�i�n�u�e� �t�o� �d�o�u�b�t� �t�h�e� �w�o�r�t�h� �o�f� 
�h�i�s� �m�a�c�h�i�n�e� �i�n� �s�p�i�t�e� �o�f� �h�i�s� �r�e�p�l�y� �a�n�d� �i�f� �I� 
�w�a�i�t� �u�n�t�i�l� �h�e� �h�a�s� �m�a�d�e� �i�t� �w�o�r�k� �b�e�f�o�r�e� 
�r�e�t�r�a�c�t�i�n�g� �w�h�a�t� �I� �s�a�i�d� �i�n� �m�y� �c�o�m�m�e�n�t�s�.�1�?�4�0� 

�T�h�e� �c�o�r�d�i�a�l� �e�x�c�h�a�n�g�e� �b�e�t�w�e�e�n� �H�o�o�k�e� �a�n�d� �A�u�z�o�u�t� �i�s� �a�p�p�a�r�e�n�t� �i�n� 

�O�l�d�e�n�b�u�r�g�'�s� �r�e�p�l�y� �t�o� �A�u�z�o�u�t� �i�n� �w�h�i�c�h� �h�e� �o�n�c�e� �m�o�r�e� �l�i�s�t�e�d� 

�H�o�o�k�e�'�s� �f�u�r�t�h�e�r� �r�e�f�l�e�c�t�i�o�n�s� �u�p�o�n� �A�u�z�o�u�t�'�s� �a�r�g�u�m�e�n�t�s�:� 

�M�r�.� �H�o�o�k�e� �s�a�l�u�t�e�s� �y�o�u�,� �a�n�d� �a�f�f�i�r�m�s� �t�h�a�t� �h�e� �i�s� 
�v�e�r�y� �p�a�r�t�i�c�u�l�a�r�l�y� �o�b�l�i�g�e�d� �t�o� �y�o�u� �f�o�r� �y�o�u�r� 
�c�o�n�d�u�c�t� �t�o�w�a�r�d�s� �h�i�m�,� �i�n� �t�h�e� �l�e�t�t�e�r� �y�o�u� 
�a�d�d�r�e�s�s�e�d� �t�o� �m�e�.� �S�u�r�e�l�y�,� �S�i�r�,� �i�t� �i�s� �i�n�d�e�e�d� 

�h� �x�p�r� �h� �h�e�r� �h�i� �h� �h� �n� 

�d�i�s�c�o�v�e�r�i�e�s� �i�n� �a� �f�r�a�n�k� �a�n�d� �p�o�l�i�t�e� �w�a�y�,� �w�i�t�h�o�u�t� 
�o�f�f�e�n�c�e� �g�i�v�e�n� �o�r� �t�a�k�e�n�,� �s�o� �t�h�a�t� �t�h�e�i�r� �m�i�n�d�s� 
�m�a�y� �r�e�c�i�p�r�o�c�a�l�l�y� �s�t�i�m�u�l�a�t�e� �e�a�c�h� �o�t�h�e�r� �a�n�d� 
�l�e�a�r�n� �f�r�o�m� �e�a�c�h� �o�t�h�e�r�,� �t�o� �t�h�e� �f�u�r�t�h�e�r� �p�r�o�g�r�e�s�s� 
�o�f� �k�n�o�w�l�e�d�g�e�.�?�!�?�4�!� 

�O�l�d�e�n�b�u�r�g�,� �w�h�o� �t�r�a�n�s�l�a�t�e�d� �A�u�z�o�u�t�'�s� �l�a�s�t� �l�e�t�t�e�r� �f�o�r� �H�o�o�k�e�'�s� 

�b�e�n�e�f�i�t�,� �i�n�c�l�u�d�e�d� �c�e�r�t�a�i�n� �m�a�r�g�i�n�a�l� �c�o�m�m�e�n�t�s� �o�n� �H�o�o�k�e�'�s� 

�b�e�h�a�l�f�,� �w�h�i�c�h� �w�e�r�e�  ��e�v�i�d�e�n�t�l�y� �i�n�t�e�n�d�e�d� �t�o� �u�r�g�e� �H�o�o�k�e� �t�o� �a� 

�f�u�r�t�h�e�r� �r�e�p�l�y�.�"�!�4�2� �H�o�o�k�e�,� �h�o�w�e�v�e�r�,� �t�e�r�m�i�n�a�t�e�d� �t�h�e� �e�x�c�h�a�n�g�e� 

�a�n�d� �t�h�e� �H�o�o�k�e�-�A�u�z�o�u�t� �c�o�n�t�r�o�v�e�r�s�y� �e�n�d�e�d� �o�n� �f�r�i�e�n�d�l�y� �t�e�r�m�s�.�1�4�3� 

� � 

�1�4�0� �2�2� �J�u�n�e� �1�6�6�5�,� �I�b�i�d�.�,� �4�1�9�.� 
�1�4�1� �(�E�m�p�h�a�s�i�s� �m�i�n�e�)� �2�3� �J�u�l�y� �1�6�6�5�,� �I�b�i�d�.�,� �4�4�1�-�4�4�2�.� �H�e�r�e�,� �i�t� �i�s� �m�o�s�t� 
�a�p�p�a�r�e�n�t� �t�h�a�t� �O�l�d�e�n�b�u�r�g�'�s� �p�r�e�s�c�r�i�b�e�d� �b�e�h�a�v�i�o�r� �f�o�r� �r�e�p�l�y�i�n�g� �t�o� �a�n�o�t�h�e�r�'�s� 
�c�r�i�t�i�c�i�s�m�s� �w�o�r�k�e�d�.� 
�1�4�2� �a�z�u�z�o�u�t� �t�o� �O�l�d�e�n�b�u�r�g�,� �1�2� �A�u�g�u�s�t� �1�6�6�5�,� �I�b�i�d�.�,� �4�6�8�-�4�7�4�.� 

�1�4�3� �a�s� �H�o�o�k�e� �n�e�v�e�r� �b�u�i�l�t� �t�h�i�s� �m�a�c�h�i�n�e�,� �A�u�z�o�u�t�'�s� �p�o�s�i�t�i�o�n� �w�a�s� �c�o�n�s�i�d�e�r�e�d� 
�"�s�o�u�n�d�e�r�"� �(�I�b�i�d�.�,� �V�o�l�.� �3�,� �x�x�i�v�)�.� �H�o�o�k�e� �a�n�d� �A�u�z�o�u�t� �e�v�e�n�t�u�a�l�l�y� �b�e�c�a�m�e� 

�4�3



�T�h�e� �H�e�v�e�l�i�u�s�-�2� �C�o�n�t� �C�o�m�e�t� �P�o�s�i�t�i� 

�T�h�e� �d�i�f�f�u�s�i�o�n� �o�f� �s�c�i�e�n�t�i�f�i�c� �i�n�f�o�r�m�a�t�i�o�n� �t�h�r�o�u�g�h� �t�h�e� 

�R�o�y�a�l� �S�o�c�i�e�t�y� �w�o�u�l�d� �n�o�t� �h�a�v�e� �b�e�e�n� �c�o�m�p�l�e�t�e� �w�i�t�h�o�u�t� �t�h�e� �i�n�p�u�t� 

�f�r�o�m� �f�o�r�e�i�g�n� �s�c�i�e�n�t�i�s�t�s�.� �O�l�d�e�n�b�u�r�g� �r�e�a�l�i�z�e�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� 

�o�f� �i�n�i�t�i�a�t�i�n�g� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �w�i�t�h� �s�c�i�e�n�t�i�s�t�s� �i�n� �o�t�h�e�r� 

�c�o�u�n�t�r�i�e�s�,� �a�n�d� �s�o�m�e�t�i�m�e�s�,� �h�e� �u�n�d�e�r�t�o�o�k� �s�u�c�h� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� 

�w�i�t�h�o�u�t� �t�h�e� �a�p�p�r�o�v�a�l� �o�f� �t�h�e� �S�o�c�i�e�t�y�'�s� �C�o�u�n�c�i�l�.�!�4�4� �O�l�d�e�n�b�u�r�g� 

�h�o�p�e�d� �t�o� �i�n�i�t�i�a�t�e� �a� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �w�i�t�h� �J�o�h�a�n�n�e�s� �H�e�v�e�l�i�u�s� �o�f� 

�D�a�n�z�i�g� �-�-� �o�n�e� �o�f� �E�u�r�o�p�e�'�s� �m�o�s�t� �r�e�n�o�w�n�e�d� �a�n�d� �r�e�v�e�r�e�d� 

�a�s�t�r�o�n�o�m�e�r�s� �s�i�n�c�e� �t�h�e� �1�6�3�0�'�s�,� �a�n�d� �t�h�e� �C�o�u�n�c�i�l� �i�n�s�t�r�u�c�t�e�d� �h�i�m� 

�t�o� �i�n�i�t�i�a�t�e� �s�u�c�h� �a�n� �e�x�c�h�a�n�g�e� �i�n� �F�e�b�r�u�a�r�y� �1�6�6�3�.�1�4�°� 

�I�n� �h�i�s� �f�i�r�s�t� �l�e�t�t�e�r�,� �O�l�d�e�n�b�u�r�g� �i�n�f�o�r�m�e�d� �H�e�v�e�l�i�u�s� �o�f� �t�h�e� 

�g�o�a�l�s� �o�f� �t�h�e� �S�o�c�i�e�t�y� �a�n�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �c�o�r�r�e�s�p�o�n�d�e�n�c�e�:� 

�F�o�r� �i�t� �i�s� �n�o�w� �o�u�r� �b�u�s�i�n�e�s�s�.� �.� �.� �t�o� �a�t�t�r�a�c�t� �t�o� 
�t�h�e� �s�a�m�e� �p�u�r�p�o�s�e�s� �m�e�n� �f�r�o�m� �a�l�l� �p�a�r�t�s� �o�f� �t�h�e� 
�w�o�r�l�d� �w�h�o� �a�r�e� �f�a�m�o�u�s� �f�o�r� �t�h�e�i�r� �l�e�a�r�n�i�n�g�,� �a�n�d� 
�t�o� �e�x�h�o�r�t� �t�h�o�s�e� �a�l�r�e�a�d�y� �e�n�g�a�g�e�d� �u�p�o�n� �t�h�e�m� �t�o� 
�u�n�w�e�a�r�i�e�d� �e�f�f�o�r�t�s�.� �I�n�d�e�e�d�,� �f�r�i�e�n�d�s�h�i�p� �a�m�o�n�g� 
�l�e�a�r�n�e�d� �m�e�n� �i�s� �a� �g�r�e�a�t� �a�i�d� �t�o� �t�h�e� 
�i�n�v�e�s�t�i�g�a�t�i�o�n� �a�n�d� �e�l�u�c�i�d�a�t�i�o�n� �o�f� �t�h�e� �t�r�u�t�h�;� �i�f� 
�s�u�c�h� �f�r�i�e�n�d�s�h�i�p� �c�o�u�l�d� �b�e� �s�p�r�e�a�d� �t�h�r�o�u�g�h� �t�h�e� 
�w�h�o�l�e� �w�o�r�l�d� �o�f� �l�e�a�r�n�i�n�g�,� �a�n�d� �e�s�t�a�b�l�i�s�h�e�d� �a�m�o�n�g� 
�t�h�o�s�e� �w�h�o�s�e� �m�i�n�d�s� �a�r�e� �u�n�f�e�t�t�e�r�e�d� �a�n�d� �a�b�o�v�e� 
�p�a�r�t�i�s�a�n� �z�e�a�l�,� �b�e�c�a�u�s�e� �o�f� �t�h�e�i�r� �d�e�v�o�t�i�o�n� �t�o� 
�t�r�u�t�h� �a�n�d� �h�u�m�a�n� �w�e�l�f�a�r�e�,� �p�h�i�l�o�s�o�p�h�y� �w�o�u�l�d� �b�e� 
�r�a�i�s�e�d� �t�o� �i�t�s� �g�r�e�a�t�e�s�t� �h�e�i�g�h�t�s�.� �T�h�i�s� �o�u�r� 
� � 

�i�n�v�o�l�v�e�d� �i�n� �t�h�e� �p�r�i�o�r�i�t�y� �d�i�s�p�u�t�e�s� �o�v�e�r� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �a�n�d� �m�i�c�r�o�m�e�t�e�r�s� 
�m�e�n�t�i�o�n�e�d� �i�n� �t�h�e� �f�i�r�s�t� �c�h�a�p�t�e�r�.� 
�1�4�4� �M�.�B�.� �H�a�l�l�,�  ��O�l�d�e�n�b�u�r�g�, �� �2�8�5�.� 
�1�4�5� �t�h�i�d�.�,� �2�8�6�.� �O�l�d�e�n�b�u�r�g� �h�a�d� �a�l�r�e�a�d�y� �p�r�e�p�a�r�e�d� �t�h�e� �l�e�t�t�e�r� �w�h�i�c�h� �h�e� �s�e�n�t� 
�o�n�l�y� �a�f�t�e�r� �t�h�e� �C�o�u�n�c�i�l� �g�r�a�n�t�e�d� �h�i�m� �p�e�r�m�i�s�s�i�o�n� �t�o� �d�o� �s�o�.� 

�4�4



�F�e�l�l�o�w�s� �a�r�e� �s�t�r�i�v�i�n�g� �f�o�r� �w�i�t�h� �a�l�l� �t�h�e�i�r� �m�i�g�h�t� 
�a�n�d� �f�o�r� �t�h�a�t� �r�e�a�s�o�n� �t�h�e�y� �a�r�e� �d�e�v�e�l�o�p�i�n�g� �a� 
�w�i�d�e�r� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �w�i�t�h� �t�h�o�s�e� �w�h�o� 
�p�h�i�l�o�s�o�p�h�i�z�e� �t�r�u�l�y�,� �t�h�a�t� �i�s�,� �(�i�n� �m�y� �o�p�i�n�i�o�n�)� 
�w�i�t�h� �t�h�o�s�e� �w�h�o� �r�e�a�d� �t�h�e� �B�o�o�k� �o�f� �t�h�e� �W�o�r�l�d�.� �.� 

�I� �t�h�i�n�k� �t�h�a�t� �y�o�u�,� �f�a�m�o�u�s� �S�i�r�,� �w�i�l�l� �n�o�t� �b�y� 
�a�n�y� �m�e�a�n�s� �s�t�a�n�d� �a�s�i�d�e� �f�r�o�m� �t�h�i�s� �w�o�r�k� �a�n�d� �t�h�a�t�.� 

�.� �y�o�u� �w�i�l�l� �s�o�a�r� �i�n�t�o� �t�h�e� �h�e�a�v�e�n�s� �a�n�d� �b�r�i�n�g� 
�u�s� �n�e�w�s� �t�h�e�n�c�e� �n�o�w� �a�n�d� �a�g�a�i�n�;� �f�o�r� �b�y� �t�h�i�s� �t�h�e� 
�s�c�i�e�n�c�e� �o�f� �t�h�e� �s�t�a�r�s� �c�o�n�t�i�n�u�a�l�l�y� �a�d�v�a�n�c�e�s�.�1�4�6� 

�I�n� �r�e�t�u�r�n� �f�o�r� �H�e�v�e�l�i�u�s�'� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �o�b�s�e�r�v�a�t�i�o�n�s�,� �a�n�d� 

�c�o�p�i�e�s� �o�f� �h�i�s� �b�o�o�k�s�,� �O�l�d�e�n�b�u�r�g� �s�e�n�t� �h�i�m� �n�e�w�s� �o�f� �E�n�g�l�i�s�h� 

�o�b�s�e�r�v�a�t�i�o�n�s� �a�n�d� �c�u�r�r�e�n�t� �n�e�w�s� �a�b�o�u�t� �s�c�i�e�n�c�e� �i�n� �g�e�n�e�r�a�l�.�?�4�?� 

�O�l�d�e�n�b�u�r�g�'�s� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �w�i�t�h� �H�e�v�e�l�i�u�s� �l�a�s�t�e�d� �f�o�r� �f�o�u�r�t�e�e�n� 

�y�e�a�r�s�,� �u�n�t�i�l� �O�l�d�e�n�b�u�r�g�'�s� �d�e�a�t�h� �i�n� �1�6�7�7�,� �a�n�d� �i�t� �c�o�m�p�r�i�s�e�d� �o�f� 

�o�v�e�r� �1�0�0� �l�e�t�t�e�r�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �g�r�o�w�i�n�g� �f�r�i�e�n�d�s�h�i�p� �b�e�t�w�e�e�n� 

�t�h�e� �t�w�o�.� 

�A�s� �i�n� �t�h�e� �c�a�s�e� �o�f� �t�h�e� �H�o�o�k�e�-�A�u�z�o�u�t� �c�o�n�t�r�o�v�e�r�s�y�,� �t�h�e� 

�e�x�c�h�a�n�g�e� �o�f� �l�e�t�t�e�r�s� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �H�e�v�e�l�i�u�s�-�A�u�z�o�u�t� 

�c�o�n�t�r�o�v�e�r�s�y� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �O�l�d�e�n�b�u�r�g�,� �a�l�t�h�o�u�g�h� �i�n� �b�o�t�h� 

�c�a�s�e�s�,� �t�h�e� �F�r�e�n�c�h� �e�x�c�h�a�n�g�e�d� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �w�i�t�h� �n�o�n�-� 

�E�n�g�l�i�s�h�m�e�n� �a�s� �w�e�l�l�.� �T�h�e� �p�r�e�s�c�r�i�b�e�d� �b�e�h�a�v�i�o�r� �f�o�r� �r�e�p�l�y�i�n�g� �t�o� 

�a�n�o�t�h�e�r�'�s� �c�r�i�t�i�c�i�s�m�s� �a�l�s�o� �w�o�r�k�e�d� �i�n� �t�h�i�s� �c�a�s�e�,� �d�e�s�p�i�t�e� �a� 

�b�r�i�e�f� �p�e�r�i�o�d� �o�f� �a�n�i�m�o�s�i�t�y� �b�e�t�w�e�e�n� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s�.�1�4�8� �T�h�e� 

�c�o�n�t�r�o�v�e�r�s�y� �b�e�g�a�n� �w�h�e�n� �H�e�v�e�l�i�u�s� �r�e�j�e�c�t�e�d�,� �i�n� �h�i�s� �P�r�o�d�r�o�m�u�s� 

�C�o�m�e�t�i�c�u�s� �(�1�6�6�5�)�,� �t�h�e� �A�u�z�o�u�t�/�C�a�s�s�i�n�i� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �t�h�e� 

�c�o�m�e�t� �o�f� �1�6�6�5� �"�m�o�v�e�d� �i�n� �a� �c�i�r�c�l�e�,� �a�n�d� �h�e�n�c�e� �w�a�s� �a� �r�e�g�u�l�a�r�l�y� 

� � 

�1�4�6� �1�8� �F�e�b�r�u�a�r�y� �1�6�6�3�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2�,� �2�7�-�2�8�.� �S�e�e� 
�a�l�s�o� �M�.�B�.� �H�a�l�l�,�  ��R�o�y�a�l� �S�o�c�i�e�t�y�'�s� �R�o�l�e�,�"� �1�8�0�.� 
�1�4�7� �M�.�B�.� �H�a�l�l�,�  ��R�o�y�a�l� �S�o�c�i�e�t�y�'�s� �R�o�l�e�,�"� �1�8�0�-�1�8�1�.� 
�1�4�8� �M�.�B�.� �H�a�l�l�,�  ��O�l�d�e�n�b�u�r�g�,�"� �2�8�7�.� 

�4�5



�r�e�c�u�r�r�e�n�t� �s�t�a�r�.�"�1�!�4�9� �T�h�e� �m�a�j�o�r� �i�s�s�u�e� �t�h�a�t� �b�e�c�a�m�e� �t�h�e� �c�e�n�t�e�r� �o�f� 

�t�h�e� �c�o�n�t�r�o�v�e�r�s�y�,� �w�a�s� �t�h�a�t� �H�e�v�e�l�i�u�s� �c�l�a�i�m�e�d� �h�e� �h�a�d� �s�e�e�n� �t�h�e� 

�c�o�m�e�t� �o�n� �F�e�b�r�u�a�r�y� �1�8� �i�n� �a� �p�o�s�i�t�i�o�n� �n�o�t� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �A�u�z�o�u�t� 

�a�n�d� �C�a�s�s�i�n�i�'�s� �o�r�b�i�t�,� �a�n�d� �A�u�z�o�u�t� �c�h�a�r�g�e�d� �t�h�a�t� �H�e�v�e�l�i�u�s�'� 

�o�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �f�a�l�s�e�,� �s�i�n�c�e� �h�e� �a�n�d� �o�t�h�e�r�s� �h�a�d� �s�e�e�n� �t�h�e� 

�c�o�m�e�t� �1�°�1�7 �� �d�i�s�t�a�n�t� �f�r�o�m� �H�e�v�e�l�i�u�s�'� �p�o�s�i�t�i�o�n�.�1�°�°� 

�T�h�e� �f�i�r�s�t� �i�n�t�i�m�a�t�i�o�n� �t�h�a�t� �H�e�v�e�l�i�u�s� �p�o�s�i�t�i�o�n�e�d� �t�h�e� �c�o�m�e�t� 

�i�n� �a�n� �u�n�l�i�k�e�l�y� �l�o�c�a�t�i�o�n�,� �w�a�s� �m�a�d�e� �b�y� �P�i�e�r�r�e� �P�e�t�i�t� �(�c�.�1�5�9�4�-� 

�1�6�7�7�)� �w�h�o� �"�f�o�u�n�d� �i�t� �o�d�d� �t�h�a�t� �[�H�e�v�e�l�i�u�s�]� �h�a�s� �m�a�d�e� �[�t�h�e� �c�o�m�e�t�]� 

�p�a�s�s� �t�h�r�o�u�g�h� �a� �p�o�i�n�t� �w�h�e�r�e� �i�t� �n�e�v�e�r� �w�a�s�,�"� �a�n�d� �t�h�a�t� �h�e� 

�o�b�s�e�r�v�e�d� �i�t� �o�n�l�y� �i�n� �F�e�b�r�u�a�r�y�,� �w�h�e�r�e�a�s� �o�t�h�e�r�s� �o�b�s�e�r�v�e�d� �i�t� �i�n� 

�M�a�r�c�h� �a�s� �w�e�l�l�.�!�°�!� �A�u�z�o�u�t� �f�e�l�t� �i�n�c�l�i�n�e�d� �t�o� �i�n�f�o�r�m� �t�h�e� �p�u�b�l�i�c� 

�o�f� �H�e�v�e�l�i�u�s�'� �e�r�r�o�r�s�,� �b�y� �p�r�i�n�t�i�n�g� �h�i�s� �l�e�t�t�e�r� �t�o� �P�e�t�i�t� �o�n� �t�h�e� 

�m�a�t�t�e�r� �-�-� �a�l�t�h�o�u�g�h� �A�u�z�o�u�t� �w�a�s� �c�o�n�f�i�d�e�n�t� �t�h�a�t� �t�h�e� �R�o�y�a�l� 

�S�o�c�i�e�t�y�,� �w�h�i�c�h� �p�o�s�s�e�s�s�e�d� �a� �c�o�p�y� �o�f� �H�e�v�e�l�i�u�s�'� �P�r�o�d�r�o�m�u�s�,� �w�o�u�l�d� 

�s�o�o�n� �p�a�s�s� �j�u�d�g�m�e�n�t� �o�n� �t�h�e� �m�a�t�t�e�r�.�}�°�?� 

�A�s� �a�r�b�i�t�e�r�,� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �h�o�p�e�d� �t�h�a�t� �b�y� �c�o�m�p�a�r�i�n�g� 

�A�u�z�o�u�t� �a�n�d� �H�e�v�e�l�i�u�s�'� �o�b�s�e�r�v�a�t�i�o�n�s� �w�i�t�h� �t�h�o�s�e� �m�a�d�e� �b�y� 

�E�n�g�l�i�s�h�m�e�n�,� �i�t� �w�o�u�l�d� �b�e� �i�n� �a� �b�e�t�t�e�r� �p�o�s�i�t�i�o�n� �t�o�  ��d�i�s�c�e�r�n� 

�w�h�e�r�e� �t�h�e� �m�i�s�t�a�k�e� �l�i�e�s�;� �a�n�d� �h�a�v�i�n�g� �d�i�s�c�e�r�n�'�d� �i�t�,� �w�i�l�l� 

�c�e�r�t�a�i�n�l�y� �b�e� �f�o�u�n�d� �h�i�g�h�l�y� �i�m�p�a�r�t�i�a�l� �a�n�d� �i�n�g�e�n�u�o�u�s� �i�n� �g�i�v�i�n�g� 

� � 

�1�4�9� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2�,� �4�0�7�-�4�0�8� �n�.� �8�.� 
�1�5�0� �I�b�i�d�.� �S�e�e� �a�l�s�o� �H�e�t�h�e�r�i�n�g�t�o�n�,�  ��H�e�v�e�l�i�u�s�-�A�u�z�o�u�t�,�"� �1�0�4�.� 

�1�5�1� �O�l�d�e�n�b�u�r�g� �t�o� �R�o�b�e�r�t� �B�o�y�l�e�,� �c�.� �1�6�-�1�8� �J�u�n�e� �1�6�6�5�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� 
�C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2�,� �4�0�6�.� 
�1�5�2� �A�u�z�o�u�t� �t�o� �O�l�d�e�n�b�u�r�g�,� �2�2� �J�u�n�e� �1�6�6�5�,� �I�b�i�d�.�,� �4�2�5�-�4�2�6�.� 
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�t�h�e�i�r� �s�e�n�s�e� �o�f� �t�h�e� �s�a�m�e�.�"�!�5�3� �B�y� �J�u�n�e� �2�8�,� �1�6�6�5�,� �a�s�t�r�o�n�o�m�e�r�s� �i�n� 

�t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �e�n�d�o�r�s�e�d� �A�u�z�o�u�t�'�s� �p�o�s�i�t�i�o�n�.�!�°�4� �T�a�k�i�n�g� �a�l�l� 

�p�o�s�s�i�b�i�l�i�t�i�e�s� �i�n�t�o� �a�c�c�o�u�n�t�,� �t�h�e� �a�s�t�r�o�n�o�m�e�r�s� �a�t�t�e�m�p�t�e�d� �t�o� 

�e�x�p�l�a�i�n� �t�h�e� �d�i�s�c�r�e�p�a�n�c�i�e�s� �i�n� �t�h�e� �c�o�m�e�t�a�r�y� �p�o�s�i�t�i�o�n�s� �o�b�s�e�r�v�e�d� 

�b�y� �t�h�e� �p�a�r�t�i�c�i�p�a�n�t�s� �o�f� �t�h�e� �c�o�n�t�r�o�v�e�r�s�y�,� �b�y� �h�y�p�o�t�h�e�s�i�z�i�n�g� �t�h�a�t� 

�t�h�e�r�e� �w�e�r�e� �t�w�o� �c�o�m�e�t�s� �i�n�s�t�e�a�d� �o�f� �o�n�e�.�}�°�°� 

�W�h�e�n� �t�h�e� �a�n�o�n�y�m�o�u�s� �g�r�o�u�p� �o�f� �R�o�y�a�l� �S�o�c�i�e�t�y� �a�s�t�r�o�n�o�m�e�r�s� 

�f�i�n�a�l�l�y� �m�a�d�e� �t�h�e�i�r� �r�e�p�o�r�t�,� �t�h�e�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �w�h�a�t�e�v�e�r� 

�H�e�v�e�l�i�u�s� �h�a�d� �s�e�e�n� �o�n� �t�h�e� �n�i�g�h�t� �o�f� �F�e�b�r�u�a�r�y� �1�8�,� �i�t� �w�a�s� �n�o�t� �t�h�e� 

�c�o�m�e�t� �o�b�s�e�r�v�e�d� �b�y� �A�u�z�o�u�t� �a�n�d� �C�a�s�s�i�n�i�,� �a�n�d� �t�h�a�t� �A�u�z�o�u�t�'�s� 

�o�b�s�e�r�v�a�t�i�o�n�s� �h�a�d� �b�e�e�n� �m�o�r�e� �r�e�l�i�a�b�l�e� �t�h�a�n� �H�e�v�e�l�i�u�s�'�.�!�°�5�&� �T�h�e� 

�g�r�o�u�p� �f�o�u�n�d� 

�S�u�c�h� �a�n� �u�n�a�n�i�m�o�u�s� �c�o�n�s�e�n�t� �i�n� �w�h�a�t� �h�a�s� �b�e�e�n� 
�j�u�s�t� �n�o�w� �d�e�c�l�a�r�e�d�,� �&� �t�h�e� �C�o�n�t�r�o�v�e�r�s�i�e� �b�e�i�n�g� 
�a�b�o�u�t� �M�a�t�t�e�r� �o�f� �f�a�c�t�,� �w�h�e�r�e�i�n� �A�u�t�h�o�r�i�t�y�,� 
�N�u�m�b�e�r�,� �a�n�d� �R�e�p�u�t�a�t�i�o�n� �m�u�s�t� �c�a�s�t� �t�h�e� �B�a�l�l�a�n�c�e� 
�M�o�n�s�.� �H�e�v�e�l�i�u�s�,� �w�h�o� �i�s� �a�s� �w�e�l�l� �k�n�o�w�n� �f�o�r� �h�i�s� 
�I�n�g�e�n�u�i�t�y�,� �a�s� �L�e�a�r�n�i�n�g�,� �w�i�l�l� �j�o�y�n� �a�n�d� 
�a�c�q�u�i�e�s�c�e� �i�n� �t�h�a�t� �S�e�n�t�i�m�e�n�t�.�!�° �� 

�O�l�d�e�n�b�u�r�g� �i�n�f�o�r�m�e�d� �H�e�v�e�l�i�u�s� �o�f� �t�h�e� �S�o�c�i�e�t�y�'�s� �d�e�c�i�s�i�o�n� �i�n� �a� 

�l�e�t�t�e�r� �d�a�t�e�d� �J�a�n�u�a�r�y� �2�4�,� �1�6�6�6�:� 

� � 

�1�5�3� �p�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s�,� �V�o�l�.� �1�,� �n�o�.� �3�,� �3�6�-�4�0�.� �S�e�e� �a�l�s�o� 
�H�e�t�h�e�r�i�n�g�t�o�n�,� �"�H�e�v�e�l�i�u�s�-�A�u�z�o�u�t�,�"!"� �1�0�4�-�1�0�5�.� 

�1�5�4� �T�h�o�m�a�s� �B�i�r�c�h�,� �T�h�e� �H�i�s�t�o�r�y� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �o�f� �L�o�n�d�o�n�:� �F�o�r� 
�I�m�p�r�o�v�i�n�g� �o�f� �N�a�t�u�r�a�l� �K�n�o�w�l�e�d�g�e� �f�r�o�m� �i�t�s� �F�i�r�s�t� �R�i�s�e�,� �V�o�l�.� �2�,� �T�h�e� �S�o�u�r�c�e�s� 
�o�f� �S�c�i�e�n�c�e� �S�e�r�i�e�s�,� �e�d�.� �H�a�r�r�y� �W�o�o�l�f�,� �n�o�.� �4�4� �(�N�e�w� �Y�o�r�k�:� �J�o�h�n�s�o�n� �R�e�p�r�i�n�t� 
�C�o�r�p�o�r�a�t�i�o�n�,� �1�9�6�8�)�,� �6�3�.� 

�1�5�5� �"�A�a�l�]�1� �t�h�e� �a�s�t�r�o�n�o�m�e�r�s� �k�n�o�w�n� �t�o� �m�e� �b�e�l�i�e�v�e� �t�h�a�t� �t�h�e�r�e� �w�e�r�e� �n�o�t� �o�n�e� �b�u�t� 
�t�w�o� �c�o�m�e�t�s�.� �.� �.�"� �(�O�l�d�e�n�b�u�r�g� �t�o� �R�o�b�e�r�t� �M�o�r�a�y� �(�c�.�1�6�0�8�-�1�6�7�3�)�,� �1�2� �O�c�t�o�b�e�r� 
�1�6�6�5�,� �H�a�l�l� �a�n�d� �H�a�l�l� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2�,� �5�6�8�)�.� �S�e�e� �a�l�s�o� �I�l�i�f�f�e�,� �"�I�n� 

�t�h�e� �W�a�r�e�h�o�u�s�e�,�"� �4�0�.� 

�1�5�6� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2�,� �x�x�i�i�-�x�x�i�i�i�;� �a�n�d� �H�e�t�h�e�r�i�n�g�t�o�n�,� 
�"�H�e�v�e�l�i�u�s�-�A�u�z�o�u�t�,�"!"� �1�0�5�.� 

�1�5�7� �P�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s�,� �V�o�l�.� �1�,� �n�o�.� �9�,� �1�5�0�-�1�5�1�;� �a�l�s�o� �c�i�t�e�d� �i�n� 
�H�e�t�h�e�r�i�n�g�t�o�n�,� �"�H�e�v�e�l�i�u�s�~�A�u�z�o�u�t�,�"� �1�0�5�.� 
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�T�h�e�s�e� �a�s�t�r�o�n�o�m�e�r�s� �w�e�r�e� �u�n�a�n�i�m�o�u�s� �i�n� �t�h�e�i�r� 
�o�p�i�n�i�o�n� �t�h�a�t� �t�h�e� �c�o�m�e�t� �d�i�d� �n�o�t� �b�y� �a�n�y� �m�e�a�n�s� 
�d�r�a�w� �n�e�a�r� �t�o� �[�y�o�u�r� �p�r�o�p�o�s�e�d� �p�o�s�i�t�i�o�n�]�.� 
�A�l�t�h�o�u�g�h� �w�h�a�t� �I� �h�e�r�e� �w�r�i�t�e� �t�o� �y�o�u� �i�s� �n�o�t� �t�h�e� 
�d�e�c�i�s�i�o�n� �o�f� �t�h�e� �S�o�c�i�e�t�y� �p�r�o�p�e�r� �(�f�o�r� �i�n�d�e�e�d� �i�t�s� 
�m�e�e�t�i�n�g�s� �h�a�v�e� �n�o�t� �y�e�t� �b�e�e�n� �r�e�s�u�m�e�d�)�,� �i�t� �i�s� 
�t�h�a�t� �o�f� �t�h�o�s�e� �m�e�n� �t�o� �w�h�o�m� �t�h�e� �S�o�c�i�e�t�y� �w�o�u�l�d� 
�h�a�v�e� �d�e�l�e�g�a�t�e�d� �t�h�e� �c�o�n�s�i�d�e�r�a�t�i�o�n� �o�f� �t�h�i�s� �c�a�s�e�,� 
�w�i�t�h�o�u�t� �a�n�y� �s�h�a�d�o�w� �o�f� �d�o�u�b�t�,� �i�f� �i�t� �h�a�d� �b�e�e�n� �i�n� 
�s�e�s�s�i�o�n�,� �a�n�d� �f�r�o�m� �w�h�o�s�e� �j�u�d�g�m�e�n�t� �i�n� �m�a�t�t�e�r�s� �o�f� 
�t�h�i�s� �k�i�n�d� �i�t� �w�o�u�l�d� �h�a�r�d�l�y� �h�a�v�e� �d�i�s�s�e�n�t�e�d�.�1�°�8� 

�D�e�s�p�i�t�e� �O�l�d�e�n�b�u�r�g�'�s� �t�a�c�t�,� �h�o�w�e�v�e�r�,� �H�e�v�e�l�i�u�s� �w�a�s� �d�i�s�a�p�p�o�i�n�t�e�d� 

�t�h�a�t� �h�e� �w�a�s� �"�c�o�n�d�e�m�n�e�d� �w�i�t�h�o�u�t� �a� �h�e�a�r�i�n�g� �b�y� �s�o�m�e� �o�f� �t�h�e� �c�h�i�e�f� 

�a�s�t�r�o�n�o�m�e�r�s� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�,�"� �e�s�p�e�c�i�a�l�l�y� �s�i�n�c�e� �h�e� �w�a�s� 

�r�e�a�d�y� �t�o� �v�i�n�d�i�c�a�t�e� �h�i�m�s�e�l�f� �a�g�a�i�n�s�t� �A�u�z�o�u�t�.�1�!�°�9� 

�I�n� �h�i�s� �f�i�n�a�l� �l�e�t�t�e�r� �o�n� �t�h�e� �m�a�t�t�e�r�,� �A�u�z�o�u�t� �c�l�a�i�m�e�d� �t�h�a�t� 

�h�e� �h�a�d� �l�i�t�t�l�e� �t�i�m�e� �t�o� �c�o�n�s�i�d�e�r� �t�h�e� �d�i�s�p�u�t�e� �a�n�y� �f�u�r�t�h�e�r�,� �a�n�d� 

�h�e� �h�a�d� �p�u�t� �i�t� �a�s�i�d�e� �b�e�c�a�u�s�e� �o�f� �h�i�s� �"�l�a�c�k� �o�f� �i�n�t�e�r�e�s�t�,�"�!�®� �a� 

�d�i�s�i�n�c�l�i�n�a�t�i�o�n� �w�h�i�c�h� �b�e�c�a�m�e� �m�a�n�i�f�e�s�t� �w�h�e�n� �h�e� �r�e�f�u�s�e�d� �t�o� 

�r�e�s�p�o�n�d�.� �A�f�t�e�r� �t�h�i�s� �b�e�c�a�m�e� �e�v�i�d�e�n�t�,� �O�l�d�e�n�b�u�r�g� �h�a�d� �t�o� �m�a�k�e� 

�e�x�c�u�s�e�s� �f�o�r� �A�u�z�o�u�t�'�s� �l�a�c�k� �o�f� �e�n�t�h�u�s�i�a�s�m� �i�n� �t�h�e� �m�a�t�t�e�r�,� �a�n�d� �h�e� 

�i�n�f�o�r�m�e�d� �H�e�v�e�l�i�u�s� �t�h�a�t� �A�u�z�o�u�t� �d�e�l�a�y�e�d� �b�e�c�a�u�s�e� �o�f� �h�i�s�  ��p�o�o�r� 

�h�e�a�l�t�h�"� �a�n�d�  ��p�r�e�s�s� �o�f� �b�u�s�i�n�e�s�s�"� �i�n� �f�o�r�m�i�n�g� �t�h�e� �R�o�y�a�l� �A�c�a�d�e�m�y� 

�o�f� �S�c�i�e�n�c�e�s� �i�n� �P�a�r�i�s�.�!�®�!� �H�e�v�e�l�i�u�s� �d�i�d� �n�o�t� �a�p�p�r�e�c�i�a�t�e� �A�u�z�o�u�t�'�s� 

�i�n�d�i�f�f�e�r�e�n�c�e�,� �b�u�t� �h�e� �c�o�n�c�e�d�e�d� �t�o� �t�h�e� �j�u�d�g�m�e�n�t� �o�f� �t�h�e� �R�o�y�a�l� 

�S�o�c�i�e�t�y�.� �1�°� 

� � 

�1�5�8� �g� �M�a�y� �1�6�6�6�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �3�,� �3�0�.� 

�1�5�9� �H�e�v�e�l�i�u�s� �t�o� �O�l�d�e�n�b�u�r�g�,� �2�3� �J�u�n�e� �1�6�6�6�,� �I�b�i�d�.�,� �1�7�1�-�1�7�2�.� 

�1�6�0� �a�u�z�o�u�t� �t�o� �O�l�d�e�n�b�u�r�g�,� �1�8� �D�e�c�e�m�b�e�r� �1�6�6�6�,� �I�b�i�d�.�,� �2�9�8�.� 
�1�6�1� �3�1� �J�a�n�u�a�r�y� �1�6�6�8�,� �I�b�i�d�.�,� �V�o�l�.� �4�,� �1�3�7�.� �T�h�i�s� �w�a�s� �a� �l�o�n�g� �d�e�l�a�y�!� 
�1�6�2� �H�e�v�e�l�i�u�s� �t�o� �O�l�d�e�n�b�u�r�g�,� �3� �J�u�n�e� �1�6�6�8�,� �I�b�i�d�.�,� �4�4�7�-�4�4�8�.� 
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�T�h�e� �c�o�n�t�r�o�v�e�r�s�i�e�s� �b�e�t�w�e�e�n� �H�o�o�k�e� �a�n�d� �A�u�z�o�u�t�,� �a�n�d� �H�e�v�e�l�i�u�s� 

�a�n�d� �A�u�z�o�u�t�,� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� �r�o�l�e� �o�f� �O�l�d�e�n�b�u�r�g� �a�n�d� �t�h�e� �R�o�y�a�l� 

�S�o�c�i�e�t�y� �i�n� �t�h�e� �d�i�f�f�u�s�i�o�n� �o�f� �s�c�i�e�n�t�i�f�i�c� �k�n�o�w�l�e�d�g�e� �b�y� �c�o�m�p�a�r�i�n�g� 

�a�n�d� �c�o�n�t�r�a�s�t�i�n�g� �d�i�f�f�e�r�i�n�g� �o�p�i�n�i�o�n�s�,� �a�n�d� �p�r�o�v�i�d�e� �e�x�a�m�p�l�e�s� �o�f� 

�d�i�s�p�u�t�e�s� �w�h�i�c�h� �d�i�d� �n�o�t� �d�e�v�i�a�t�e� �f�r�o�m� �t�h�e� �p�r�e�s�c�r�i�b�e�d� �r�u�l�e�s� �o�f� 

�b�e�h�a�v�i�o�r�.� �H�o�w�e�v�e�r�,� �b�o�t�h� �c�o�n�t�r�o�v�e�r�s�i�e�s� �a�l�s�o� �p�r�e�p�a�r�e�d� �t�h�e� 

�b�a�c�k�g�r�o�u�n�d� �f�o�r� �t�h�e� �c�o�n�t�r�o�v�e�r�s�y� �w�h�i�c�h� �d�e�v�e�l�o�p�e�d� �b�e�t�w�e�e�n� 

�H�e�v�e�l�i�u�s� �a�n�d� �H�o�o�k�e� �o�v�e�r� �t�h�e� �r�e�l�a�t�i�v�e� �m�e�r�i�t�s� �o�f� �t�e�l�e�s�c�o�p�i�c� 

�v�e�r�s�u�s� �n�a�k�e�d�-�e�y�e� �s�i�g�h�t�s�.� �I�n� �h�i�s� �d�i�s�p�u�t�e� �w�i�t�h� �A�u�z�o�u�t�,� �H�o�o�k�e� 

�e�m�p�h�a�s�i�z�e�d� �t�h�e� �a�b�i�l�i�t�y� �o�f� �a� �m�a�c�h�i�n�e� �t�o� �e�x�t�e�n�d� �h�u�m�a�n� 

�c�a�p�a�b�i�l�i�t�i�e�s�,� �a�n� �a�s�p�e�c�t� �o�f� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �t�h�a�t� �w�a�s� �n�e�c�e�s�s�a�r�y� 

�t�o� �d�i�s�c�o�v�e�r� �t�h�e� �s�e�c�r�e�t�s� �o�f� �n�a�t�u�r�e�.� �H�o�o�k�e�'�s� �s�t�r�o�n�g� �b�e�l�i�e�f� �i�n� 

�t�h�e� �p�o�w�e�r� �o�f� �i�n�s�t�r�u�m�e�n�t�s� �c�a�r�r�i�e�d� �o�v�e�r� �i�n�t�o� �t�h�e� �c�o�n�t�r�o�v�e�r�s�y� 

�w�i�t�h� �H�e�v�e�l�i�u�s�.� �H�e�v�e�l�i�u�s�,� �i�n� �h�i�s� �d�i�s�p�u�t�e� �w�i�t�h� �A�u�z�o�u�t�,� 

�c�o�n�c�e�d�e�d� �t�o� �t�h�e� �f�i�n�a�l� �d�e�c�i�s�i�o�n� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�,� 

�r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e�i�r� �j�u�d�g�m�e�n�t� �a�g�a�i�n�s�t� �h�i�m�.� �T�h�e�r�e�f�o�r�e�,� �h�e� 

�t�r�u�s�t�e�d� �i�t�s� �a�u�t�h�o�r�i�t�y�,� �a�n�d� �v�i�e�w�e�d� �i�t� �a�s� �a� �c�o�l�l�e�c�t�i�v�e� �i�n� �w�h�i�c�h� 

�d�i�s�p�u�t�e�s� �c�o�u�l�d� �b�e� �p�r�o�p�e�r�l�y� �a�d�j�u�d�i�c�a�t�e�d�.� �W�h�e�n� �t�h�e� �c�o�n�t�r�o�v�e�r�s�y� 

�e�r�u�p�t�e�d� �b�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� �a�n�d� �H�o�o�k�e�,� �H�e�v�e�l�i�u�s� �p�l�e�a�d�e�d� �h�i�s� �c�a�s�e� 

�w�i�t�h� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �o�n�c�e� �m�o�r�e�,� �i�n� �t�h�e� �h�o�p�e�s� �t�h�a�t� �i�t� �w�o�u�l�d� 

�r�e�s�o�l�v�e� �t�h�e� �i�s�s�u�e�.� 
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�C�h�a�p�t�e�r� �3� 

�T�h�e� �C�o�n�t�r�o�v�e�r�s�y� �B�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� �a�n�d� �H�o�o�k�e� 

�A�s� �u�s�e�s� �f�o�r� �t�h�e� �t�e�l�e�s�c�o�p�e� �e�x�p�a�n�d�e�d� �d�u�r�i�n�g� �t�h�e� 

�s�e�v�e�n�t�e�e�n�t�h� �c�e�n�t�u�r�y�,� �a�s�t�r�o�n�o�m�e�r�s� �r�e�a�l�i�z�e�d� �t�h�a�t� �t�e�l�e�s�c�o�p�e�s� 

�c�o�u�l�d� �n�o�t� �o�n�l�y� �b�e� �u�s�e�d� �f�o�r� �o�b�s�e�r�v�a�t�i�o�n�a�l� �p�u�r�p�o�s�e�s�,� �b�u�t� �a�l�s�o� 

�f�o�r� �m�e�a�s�u�r�e�m�e�n�t�.� �T�y�c�h�o� �B�r�a�h�e� �w�a�s� �o�n�e� �o�f� �t�h�e� �f�i�r�s�t� 

�a�s�t�r�o�n�o�m�e�r�s� �i�n� �E�u�r�o�p�e� �t�o� �u�s�e� �a�s�t�r�o�n�o�m�i�c�a�l� �m�e�a�s�u�r�i�n�g� 

�i�n�s�t�r�u�m�e�n�t�s� �t�o� �o�b�s�e�r�v�e� �c�e�l�e�s�t�i�a�l� �p�h�e�n�o�m�e�n�a�,� �i�m�p�r�o�v�i�n�g� �h�i�s� 

�o�b�s�e�r�v�a�t�i�o�n�s� �b�y� �c�o�n�s�t�r�u�c�t�i�n�g� �l�a�r�g�e�r� �i�n�s�t�r�u�m�e�n�t�s�,� �s�u�c�h� �a�s� �a� 

�1�9�-�f�o�o�t� �q�u�a�d�r�a�n�t�.�!�*�3� �I�n� �o�b�t�a�i�n�i�n�g� �h�i�s� �m�e�a�s�u�r�e�m�e�n�t�s�,� �h�o�w�e�v�e�r�,� 

�T�y�c�h�o� �u�s�e�d� �a� �p�o�i�n�t�e�r� �t�o� �m�e�a�S�u�r�e� �a�n�g�l�e�s�,� �m�i�n�u�t�e�s�,� �a�n�d� �s�e�c�o�n�d�s� 

�o�f� �a�r�c�.� �B�y� �1�6�3�1�,� �P�i�e�r�r�e� �V�e�r�n�i�e�r� �(�1�5�8�4�-�1�6�3�8�)� �i�m�p�r�o�v�e�d� �u�p�o�n� 

�T�y�c�h�o�'�s� �m�e�t�h�o�d� �b�y� �r�e�p�l�a�c�i�n�g� �t�h�e� �p�o�i�n�t�e�r� �w�i�t�h� �a� �s�m�a�l�l� �s�c�a�l�e� 

�w�h�i�c�h� �w�a�s� �p�l�a�c�e�d� �e�d�g�e� �t�o� �e�d�g�e� �w�i�t�h� �t�h�e� �l�a�r�g�e�r� �s�c�a�l�e� �o�n� �w�h�i�c�h� 

�t�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �r�e�a�d�.�!�®�4� �B�y� �t�h�e� �e�a�r�l�y� �1�6�4�0�'�s�,� �W�i�l�l�i�a�m� 

�G�a�s�c�o�i�g�n�e� �h�a�d� �d�i�s�c�o�v�e�r�e�d� �n�o�t� �o�n�l�y� �t�h�e� �m�i�c�r�o�m�e�t�e�r�,� �b�u�t� �a�l�s�o� 

�t�h�e� �a�d�v�a�n�t�a�g�e�s� �o�f� �u�S�i�n�g� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �o�n� �g�r�a�d�u�a�t�e�d� 

�m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s�,� �t�w�o� �i�n�v�e�n�t�i�o�n�s� �w�h�i�c�h� �w�e�r�e� �n�o�t� �f�u�l�l�y� 

� � 

�1�6�3� �k�i�n�g�,� �H�i�s�t�o�r�y�,� �1�6�.� 
�1�6�4� �t�h�i�d�.�,� �9�4�.� 
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�e�x�p�l�o�i�t�e�d� �u�n�t�i�l� �t�h�e� �l�a�t�e� �1�6�6�0�'�s� �b�y� �s�e�v�e�r�a�l� �F�r�e�n�c�h� �a�s�t�r�o�n�o�m�e�r�s� 

�i�n�c�l�u�d�i�n�g� �A�d�r�i�e�n� �A�u�z�o�u�t� �a�n�d� �J�e�a�n� �P�i�c�a�r�d�.� 

�B�y� �t�h�e� �m�i�d�d�l�e� �o�f� �t�h�e� �s�e�v�e�n�t�e�e�n�t�h� �c�e�n�t�u�r�y�,� �a�s�t�r�o�n�o�m�e�r�s� 

�u�s�e�d� �t�h�e�i�r� �v�a�r�i�o�u�s� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s� �t�o� �c�o�m�p�u�t�e� �t�h�e� 

�p�r�e�c�i�s�e� �p�o�s�i�t�i�o�n�s� �o�f� �c�o�m�e�t�s�,� �a�n�d� �M�e�r�c�u�r�y� �a�n�d� �V�e�n�u�s�'� �t�r�a�n�s�i�t�s� 

�a�c�r�o�s�s� �t�h�e� �s�u�n�.� �T�h�e�y� �s�l�o�w�l�y� �r�e�a�l�i�z�e�d� �t�h�e� �g�r�e�a�t� �p�o�t�e�n�t�i�a�l� �o�f� 

�r�e�p�l�a�c�i�n�g� �t�h�e� �m�o�r�e� �t�r�a�d�i�t�i�o�n�a�l� �o�p�e�n� �s�i�g�h�t�s� �w�i�t�h� �t�e�l�e�s�c�o�p�i�c� 

�s�i�g�h�t�s� �o�n� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s�,� �s�u�c�h� �a�s� �q�u�a�d�r�a�n�t�s� �a�n�d� 

�s�e�x�t�a�n�t�s�,� �b�e�c�a�u�s�e�,� �a�s� �P�i�c�a�r�d� �a�n�d� �J�o�h�n� �F�l�a�m�s�t�e�e�d� �b�e�l�i�e�v�e�d�,� 

�"�t�e�l�e�s�c�o�p�e�s� �m�o�u�n�t�e�d� �o�n� �a�s�t�r�o�n�o�m�i�c�a�l� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s�,� 

�[�i�m�p�r�o�v�e�d�]� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �p�o�s�i�t�i�o�n�a�l� �a�s�t�r�o�n�o�m�y�.�"�!�®� 

�A�l�t�h�o�u�g�h� �m�o�s�t� �E�u�r�o�p�e�a�n� �a�s�t�r�o�n�o�m�e�r�s� �u�s�e�d� �s�e�x�t�a�n�t�s� �a�n�d� 

�q�u�a�d�r�a�n�t�s� �m�o�u�n�t�e�d� �w�i�t�h� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �b�y� �t�h�e� �l�a�t�e� 

�s�e�v�e�n�t�e�e�n�t�h� �c�e�n�t�u�r�y�,� �t�h�e� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� 

�o�v�e�r� �o�p�e�n� �s�i�g�h�t�s� �b�e�c�a�m�e� �a� �c�o�n�t�r�o�v�e�r�s�i�a�l� �i�s�s�u�e� �i�n� �t�h�e� �l�a�t�e� 

�1�6�6�0�'�s� �w�h�e�n� �c�e�r�t�a�i�n� �i�n�d�i�v�i�d�u�a�l�s� �c�h�a�l�l�e�n�g�e�d� �e�a�c�h� �o�t�h�e�r�'�s� 

�p�o�s�i�t�i�o�n�.� �T�h�i�s�  ��w�a�t�e�r�s�h�e�d� �i�n� �p�o�s�i�t�i�o�n�a�l� �a�s�t�r�o�n�o�m�y�"�!�®�é� 

�i�n�v�o�l�v�e�d� �R�o�b�e�r�t� �H�o�o�k�e� �i�n� �L�o�n�d�o�n�,� �a�n�d� �J�o�h�a�n�n�e�s� �H�e�v�e�l�i�u�s� �i�n� 

�D�a�n�z�i�g�,� �w�i�t�h� �t�h�e� �l�a�t�t�e�r� �r�e�m�a�i�n�i�n�g� �a� �s�t�a�u�n�c�h� �s�u�p�p�o�r�t�e�r� �o�f� �o�p�e�n� 

�s�i�g�h�t�s�.� 

�H�e�v�e�l�i�u�s�'� �i�n�s�t�r�u�m�e�n�t�s� �a�n�d� �o�b�s�e�r�v�a�t�o�r�y� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �b�y� 

�m�a�n�y� �t�h�e� �m�o�s�t� �s�p�e�c�t�a�c�u�l�a�r� �a�s�t�r�o�n�o�m�i�c�a�l� �a�p�p�a�r�a�t�u�s� �i�n� �E�u�r�o�p�e�.� 

�H�i�s� �q�u�a�d�r�a�n�t�s� �a�n�d� �s�e�x�t�a�n�t�s� �"�c�o�n�s�i�s�t�e�d� �o�f� �a� �g�r�i�d� �o�f� �b�a�r�s� �a�n�d� 

� � 

�1�6�5� �A�,� �P�a�n�n�e�k�o�e�k�,� �A� �H�i�s�t�o�r�y� �o�f� �A�s�t�r�o�n�o�m�y� �(�L�o�n�d�o�n�:� �A�l�l�e�n� �a�n�d� �U�n�w�i�n�,� 
�1�9�6�1�)�;� �c�i�t�e�d� �i�n� �A�l�b�e�r�t� �V�a�n� �H�e�l�d�e�n�,� �"�T�h�e� �T�e�l�e�s�c�o�p�e� �i�n� �t�h�e� �S�e�v�e�n�t�e�e�n�t�h� 
�C�e�n�t�u�r�y�,�"� �I�s�i�s� �6�5� �(�1�9�7�4�)�:� �5�5�.� 
�1�6�6� �v�a�n� �H�e�l�d�e�n�,� �"�T�e�l�e�s�c�o�p�e�,�"� �5�5�.� 
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�t�r�a�n�s�v�e�r�s�a�l�s�,� �w�h�i�c�h� �h�a�d� �t�w�o� �s�i�g�h�t�s� �f�i�x�e�d� �o�n� �o�n�e� �s�i�d�e� �o�f� �t�h�e� 

�i�n�s�t�r�u�m�e�n�t�,� �a� �p�l�u�m�b�-�l�i�n�e� �s�u�s�p�e�n�d�e�d� �o�v�e�r� �t�h�e� �d�e�g�r�e�e� 

�g�r�a�d�u�a�t�i�o�n�s�,� �.� �.� �.� �a�n� �a�l�i�d�a�d�e� �[�w�h�i�c�h� �p�i�v�o�t�e�d�]� �a�r�o�u�n�d� �t�h�e� 

�c�e�n�t�r�e� �o�f� �t�h�e� �a�r�e� �o�f� �t�h�e� �c�i�r�c�l�e�,� �.�.� �.� �[�a�n�d�]� �a� �s�y�s�t�e�m� �o�f� 

�c�o�r�d�s�,� �p�u�l�l�i�e�s� �a�n�d� �c�o�u�n�t�e�r�p�o�i�s�e�s� �[�w�h�i�c�h� �f�a�c�i�l�i�t�a�t�e�d�]� �m�o�v�i�n�g� 

�t�h�e� �a�l�i�d�a�d�e� �o�v�e�r� �t�h�e� �g�r�a�d�u�a�t�i�o�n�s�"� �(�F�i�g�u�r�e� �8�)� �.�1�°� 

�F�o�r� �m�e�a�s�u�r�i�n�g� �p�u�r�p�o�s�e�s�,� �H�e�v�e�l�i�u�s� �u�s�e�d� �t�h�e� �V�e�r�n�i�e�r� 

�s�y�s�t�e�m�,� �w�h�i�c�h� �w�a�s� �m�o�r�e� �p�r�e�c�i�s�e� �t�h�a�n� �T�y�c�h�o�'�s�)� �m�e�t�h�o�d�,�!�&�8� 

�c�i�r�c�u�l�a�r� �t�r�a�n�s�v�e�r�s�a�l�s� �f�o�r� �d�i�v�i�d�i�n�g� �h�i�s� �i�n�s�t�r�u�m�e�n�t�s� �i�n�t�o� 

�m�i�n�u�t�e�s�,� �a�n�d� �a�n� �e�x�t�e�r�n�a�l� �m�i�c�r�o�m�e�t�e�r� �s�c�r�e�w� �f�o�r� �d�i�v�i�d�i�n�g� �t�h�e�m� 

�i�n�t�o� �s�e�c�o�n�d�s�,�.�!�®�6�9� �A�n�o�t�h�e�r� �i�m�p�o�r�t�a�n�t� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �h�i�s� 

�i�n�s�t�r�u�m�e�n�t�s� �w�a�s� �t�h�a�t� �t�h�e�y� �w�e�r�e� �h�e�a�v�i�l�y� �o�r�n�a�m�e�n�t�e�d� �w�i�t�h� 

�f�i�g�u�r�i�n�e�s� �a�n�d� �o�t�h�e�r� �d�e�c�o�r�a�t�i�o�n�s�,� �a� �s�t�y�l�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� 

�"�a�n� �i�n�d�u�s�t�r�y� �w�h�i�c�h� �w�a�s� �n�o�t� �y�e�t� �a�b�l�e� �t�o� �d�e�t�a�c�h� �i�t�s�e�l�f� �f�r�o�m� �t�h�e� 

�a�n�c�i�e�n�t� �t�r�a�d�i�t�i�o�n� �o�f� �t�h�e� �c�r�a�f�t�s�m�a�n� �a�s� �a�n� �a�r�t�i�s�t�.�"�! ��°� �H�e�v�e�l�i�u�s� 

�b�e�l�i�e�v�e�d� �t�h�a�t� �c�e�r�t�a�i�n� �o�t�h�e�r� �i�n�s�t�r�u�m�e�n�t�s�,� �s�u�c�h� �a�s� �t�h�e� �p�e�n�d�u�l�u�m� 

�c�l�o�c�k� �a�n�d� �t�h�e� �m�i�c�r�o�m�e�t�e�r�,� �w�e�r�e� �n�o� �m�o�r�e� �t�h�a�n� �"�a�d�j�u�n�c�t�s�"� �t�o� �h�i�s� 

�q�u�a�d�r�a�n�t�s� �a�n�d� �s�e�x�t�a�n�t�s�.�!�"�!� 

�D�e�s�p�i�t�e� �H�e�v�e�l�i�u�s�'� �o�p�p�o�s�i�t�i�o�n� �t�o� �t�h�e� �u�s�e� �o�f� �t�e�l�e�s�c�o�p�i�c� 

�S�i�g�h�t�s� �o�n� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s�,� �h�e� �n�e�v�e�r�t�h�e�l�e�s�s�,� �u�s�e�d� 

�t�e�l�e�s�c�o�p�e�s�,� �a�n�d� �w�a�s� �o�n�e� �o�f� �t�h�e� �f�i�r�s�t� �t�o� �d�o� �s�o�.�!�/�4� �H�e� �u�s�e�d� �a� 

� � 

�1�6�7� �D�a�u�m�a�s�,� �S�c�i�e�n�t�i�f�i�c�,� �4�8�-�4�9�.� 
�1�6�8� �B�e�n�n�e�t�t�,� �D�i�v�i�d�e�d�,� �6�6�.� 
�1�6�9� �B�é�z�i�a�t�,�  ��L�a� �v�i�e�,�"� �5�3�4�-�5�3�5�.� 
�1�7�0� �p�D�a�u�m�a�s�,� �S�c�i�e�n�t�i�f�i�c�,� �4�8�.� 
�1�7�1� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g�,� �3�3�.� 
�1�7�2� �S�i�l�v�i�o� �B�e�d�i�n�i�,� �"�T�h�e� �T�u�b�e� �o�f� �L�o�n�g� �V�i�s�i�o�n�;� �T�h�e� �P�h�y�s�i�c�a�l� 
�C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �E�a�r�l�y� �S�e�v�e�n�t�e�e�n�t�h� �C�e�n�t�u�r�y� �T�e�l�e�s�c�o�p�e�,�"� �P�h�y�s�i�s�:� 
�R�i�v�i�s�t�a� �d�i� �S�t�o�r�i�a� �d�e�l�l�e� �S�c�i�e�n�z�a� �1�3� �(�1�9�7�1�)�:� �2�0�3�.� 
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�G�a�l�i�l�e�a�n� �t�e�l�e�s�c�o�p�e� �f�o�r� �h�i�s� �f�i�r�s�t� �m�a�j�o�r� �w�o�r�k�,� �S�e�l�e�n�o�g�r�a�p�h�i�a� 

�(�1�6�4�7�)�,� �b�u�t� �s�u�b�s�t�i�t�u�t�e�d� �t�h�e� �G�a�l�i�l�e�a�n�,� �f�o�r� �t�h�e� �"�a�s�t�r�o�n�o�m�i�c�a�l�"� 

�(�o�r� �K�e�p�l�e�r�i�a�n�)� �t�e�l�e�s�c�o�p�e�,� �t�h�e�r�e�a�f�t�e�r�.�!�7�3� �I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� 

�n�o�t�e�,� �h�o�w�e�v�e�r�,� �t�h�a�t� �H�e�v�e�l�i�u�s�'� �u�s�e� �o�f� �t�e�l�e�s�c�o�p�e�s� �w�a�s� �l�i�m�i�t�e�d� 

�t�o� �o�b�s�e�r�v�a�t�i�o�n�s� �o�f� �t�h�e� �m�o�o�n� �(�G�a�l�i�l�e�a�n� �t�e�l�e�s�c�o�p�e�)� �a�n�d� �t�h�e� �s�u�n� 

�(�"�a�s�t�r�o�n�o�m�i�c�a�l�"� �t�e�l�e�s�c�o�p�e�)�,� �a�n�d� �t�h�a�t� �t�h�e�s�e� �t�e�l�e�s�c�o�p�e�s� 

�d�i�f�f�e�r�e�d� �f�r�o�m� �t�h�e� �a�s�t�r�o�n�o�m�i�c�a�l� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s� �w�h�i�c�h� 

�l�a�c�k�e�d� �l�e�n�s�e�s�.� �I�n�s�t�e�a�d� �o�f� �u�s�i�n�g� �l�e�n�s�e�s�,� �h�e� �u�s�e�d� �n�a�k�e�d�-�e�y�e� 

�s�i�g�h�t�s�,� �o�r� �p�i�n�n�u�l�e�s�,� �w�h�i�c�h� �h�e�l�p�e�d� �h�i�m� �p�i�n�-�p�o�i�n�t� �p�a�r�t�i�c�u�l�a�r� 

�c�e�l�e�s�t�i�a�l� �o�b�j�e�c�t�s� �w�i�t�h�o�u�t� �b�r�i�n�g�i�n�g� �t�h�e�i�r� �i�m�a�g�e�s� �c�l�o�s�e�r� 

�(�F�i�g�u�r�e� �9�)�.� 

�H�e�v�e�l�i�u�s� �h�o�u�s�e�d� �a�l�l� �h�i�s� �i�n�s�t�r�u�m�e�n�t�s� �i�n� �h�i�s� �o�w�n� 

�o�b�s�e�r�v�a�t�o�r�y� �w�h�i�c�h� �h�e� �f�i�n�i�s�h�e�d� �b�u�i�l�d�i�n�g� �i�n� �1�6�5�7�.� 

�"�S�t�e�l�l�a�b�u�r�g�u�m�"�,� �a�s� �i�t� �w�a�s� �c�a�l�l�e�d�,� �w�a�s� �b�u�i�l�t� �o�v�e�r� �t�h�e� �r�o�o�f�s� �o�f� 

�t�h�r�e�e� �a�d�j�o�i�n�i�n�g� �h�o�u�s�e�s�,� �a�n�d� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �f�i�n�e�s�t� 

�o�b�s�e�r�v�a�t�o�r�y� �i�n� �E�u�r�o�p�e� �u�n�t�i�l� �"�1�6�7�1� �a�n�d� �1�6�7�6� �w�h�e�n� �t�h�e� �F�r�e�n�c�h� 

�a�n�d� �E�n�g�l�i�s�h� �n�a�t�i�o�n�a�l� �o�b�s�e�r�v�a�t�o�r�i�e�s� �w�e�r�e� �e�s�t�a�b�l�i�s�h�e�d� �i�n� �P�a�r�i�s� 

�a�n�d� �G�r�e�e�n�w�i�c�h�"� �(�F�i�g�u�r�e� �1�0�)�.�1�"� 

�T�y�c�h�o� �a�n�d� �H�e�v�e�l�i�u�s� �s�h�a�r�e�d� �b�o�t�h� �d�i�f�f�e�r�e�n�c�e�s�)� �a�n�d� 

�s�i�m�i�l�a�r�i�t�i�e�s� �b�e�t�w�e�e�n� �t�h�e�i�r� �w�o�r�k� �a�n�d� �i�n�s�t�r�u�m�e�n�t�s�,� �t�h�a�t� �w�e�r�e� 

�S�i�g�n�i�f�i�c�a�n�t� �t�o� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �c�o�n�t�r�o�v�e�r�s�y� �b�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� 

� � 

�1�7�3� �v�a�n� �H�e�l�d�e�n�,�  ��A�s�t�r�o�n�o�m�i�c�a�l�,�"� �3�5�.� 

�1�7�4� �I�v�a�n� �V�o�l�k�o�f�f�,� �E�r�n�e�s�t� �F�r�a�n�z�g�r�o�t�e�,� �a�n�d� �A�.� �D�e�a�n� �L�a�r�s�e�n�,� �J�o�h�a�n�n�e�s� 
�H�e�v�e�l�i�u�s� �a�n�d� �h�i�s� �C�a�t�a�l�o�g� �o�f� �S�t�a�r�s� �(�P�r�o�v�o�,� �U�t�a�h�:� �B�r�i�g�h�a�m� �Y�o�u�n�g� �U�n�i�v�e�r�s�i�t�y� 
�P�r�e�s�s�,� �1�9�7�1�)�,� �2�3�.� 
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�a�n�d� �H�o�o�k�e�.�1�?�°� �T�h�e� �m�a�j�o�r� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �T�y�c�h�o� �a�n�d� 

�H�e�v�e�l�i�u�s�'� �i�n�s�t�r�u�m�e�n�t�s� �r�e�s�u�l�t�e�d� �f�r�o�m� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� 

�a�c�c�u�r�a�c�y� �o�f� �m�e�a�s�u�r�e�m�e�n�t� �b�e�t�w�e�e�n� �t�h�e� �t�w�o�.� �L�i�k�e� �T�y�c�h�o�,� 

�H�e�v�e�l�i�u�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �l�a�r�g�e�r� �i�n�s�t�r�u�m�e�n�t�s� �h�e�l�p�e�d� �h�i�m� �o�b�t�a�i�n� �a� 

�h�i�g�h�e�r� �d�e�g�r�e�e� �o�f� �p�r�e�c�i�s�i�o�n� �i�n� �h�i�s� �m�e�a�s�u�r�e�m�e�n�t�s�.� 

�C�o�n�s�e�q�u�e�n�t�l�y�,� �h�e� �c�h�a�n�g�e�d� �t�h�e� �r�a�d�i�i� �o�f� �h�i�s� �q�u�a�d�r�a�n�t�s� �a�n�d� 

�s�e�x�t�a�n�t�s� �t�o� �s�i�x�,� �o�r� �e�v�e�n� �n�i�n�e�,� �f�e�e�t�.� �H�e� �a�l�s�o� �l�i�m�i�t�e�d� �h�i�s� �u�s�e� 

�o�f� �w�o�o�d�,� �a�s� �h�e� �r�e�l�i�e�d� �m�o�r�e� �o�n� �m�e�t�a�l�s�,� �e�s�p�e�c�i�a�l�l�y� �b�r�a�s�s�,� 

�a�s�s�u�m�i�n�g� �t�h�a�t� �m�e�t�a�l�s� �w�e�r�e� �l�e�s�s� �v�u�l�n�e�r�a�b�l�e� �t�o� �b�e�n�d�i�n�g� �a�n�d� 

�w�a�r�p�i�n�g� �t�h�a�n� �w�o�o�d�.�! ��©� �F�i�n�a�l�l�y�,� �u�n�l�i�k�e� �T�y�c�h�o�,� �H�e�v�e�l�i�u�s� �u�s�e�d� �a�n� 

�"�e�x�t�e�r�n�a�l�"� �m�i�c�r�o�m�e�t�e�r�,�1�! ��?� �a�n�d� �o�t�h�e�r� �m�e�c�h�a�n�i�c�a�l� �a�i�d�s�,� �t�o� �h�e�l�p� 

�t�r�a�c�k� �c�e�l�e�s�t�i�a�l� �o�b�j�e�c�t�s� �w�i�t�h� �m�o�r�e� �p�r�e�c�i�s�i�o�n�.�! ��8�&� �D�e�s�p�i�t�e� �t�h�e�s�e� 

�d�i�f�f�e�r�e�n�c�e�s�,� �t�h�e�y� �s�h�a�r�e�d� �o�n�e� �c�r�u�c�i�a�l� �s�i�m�i�l�a�r�i�t�y�:� �H�e�v�e�l�i�u�s� 

�c�o�n�t�i�n�u�e�d� �u�s�i�n�g� �t�h�e� �s�a�m�e� �o�p�e�n� �s�i�g�h�t�s� �a�s� �T�y�c�h�o� �h�a�d� �u�s�e�d� �h�a�l�f� �a� 

�c�e�n�t�u�r�y� �b�e�f�o�r�e�.� �T�h�e�s�e� �o�p�e�n� �s�i�g�h�t�s� �c�o�n�s�i�s�t�e�d� �o�f� �c�y�l�i�n�d�r�i�c�a�l� 

�f�o�r�e�-�s�i�g�h�t�s� �a�n�d� �d�o�u�b�l�e�-�s�l�i�t� �n�e�a�r�s�i�g�h�t�s� �w�h�i�c�h� �w�e�r�e�  ��s�o�m�e�t�i�m�e�s� 

�m�o�u�n�t�e�d� �o�n� �a�n� �a�l�i�d�a�d�e�,� �s�o�m�e�t�i�m�e�s� �m�o�v�i�n�g� �i�n�d�e�p�e�n�d�e�n�t�l�y� �o�n� �t�h�e� 

�l�i�m�b�.� �"�1�7�9� 

�B�e�s�i�d�e�s� �t�h�e� �T�y�c�h�o�n�i�c� �s�l�i�t�s�,� �H�e�v�e�l�i�u�s� �a�n�d� �T�y�c�h�o� �s�h�a�r�e�d� 

�s�e�v�e�r�a�l� �e�x�p�e�c�t�a�t�i�o�n�s� �w�h�i�c�h� �w�e�r�e� �m�a�n�i�f�e�s�t� �i�n� �t�h�e�i�r� �w�o�r�k�.� �I�n� 
� � 

�1�7�5� �H�o�o�k�e� �e�v�e�n�t�u�a�l�l�y� �u�s�e�d� �t�h�e�s�e� �s�i�m�i�l�a�r�i�t�i�e�s� �a�n�d� �d�i�f�f�e�r�e�n�c�e�s� �a�g�a�i�n�s�t� 
�H�e�v�e�l�i�u�s� �w�h�e�n� �h�e� �p�u�b�l�i�s�h�e�d� �h�i�s� �A�n�i�m�a�d�v�e�r�s�i�o�n�s� �o�n� �t�h�e� �F�i�r�s�t� �P�a�r�t� �o�f� �t�h�e� 
�'�M�a�c�h�i�n�a� �C�o�e�l�e�s�t�i�s�'� �o�f�,� �.� �.� �J�o�h�a�n�n�e�s� �H�e�v�e�l�i�u�s� �(�L�o�n�d�o�n�,� �1�6�7�4�)�.� 
�1�7�6� �B�é�z�i�a�t�,� �"�L�a� �v�i�e�,�"� �5�9�1�.� 
�1�7�7� �I�t� �w�a�s� �n�o�t�,� �i�n� �r�e�a�l�i�t�y�,� �a�n� �e�x�t�e�r�n�a�l� �m�i�c�r�o�m�e�t�e�r�,� �b�u�t� �a� �t�h�r�e�a�d�e�d� �s�c�r�e�w� 
�u�s�e�d� �f�o�r� �f�i�n�e�l�y� �a�d�j�u�s�t�i�n�g� �t�h�e� �a�l�i�d�a�d�e� �a�c�r�o�s�s� �t�h�e� �d�e�g�r�e�e� �s�c�a�l�e� �(�D�a�u�m�a�s�,� 

�S�c�i�e�n�t�i�f�i�c�,� �4�9�)�.� 
�1�7�8� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g�,� �3�2�.� 
�1�7�9� �B�e�n�n�e�t�t�,� �D�i�v�i�d�e�d�,� �6�6�-�6�7�;� �s�e�e� �a�l�s�o� �J�.� �A�.� �B�e�n�n�e�t�t�,� �"�H�o�o�k�e�'�s� 
�I�n�s�t�r�u�m�e�n�t�s� �f�o�r� �A�s�t�r�o�n�o�m�y� �a�n�d� �N�a�v�i�g�a�t�i�o�n�,�"� �i�n� �H�u�n�t�e�r� �a�n�d� �S�c�h�a�f�f�e�r�,� 

�R�o�b�e�r�t� �H�o�o�k�e�,� �2�2�.� 
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�a�d�d�i�t�i�o�n� �t�o� �t�h�e�i�r� �b�e�l�i�e�f� �t�h�a�t� �l�a�r�g�e�r� �i�n�s�t�r�u�m�e�n�t�s� �y�i�e�l�d�e�d� �m�o�r�e� 

�a�c�c�u�r�a�t�e� �m�e�a�s�u�r�e�m�e�n�t�s�,� �t�h�e� �t�w�o� �a�l�s�o� �a�r�g�u�e�d� �t�h�a�t� �a�c�c�u�r�a�c�y� 

�d�e�p�e�n�d�e�d� �o�n� �p�r�o�l�o�n�g�e�d�,� �m�e�t�i�c�u�l�o�u�s� �o�b�s�e�r�v�a�t�i�o�n�s�,� �c�a�r�r�i�e�d� �o�u�t� 

�w�i�t�h� �d�i�l�i�g�e�n�c�e� �a�n�d� �p�a�t�i�e�n�c�e�.� �F�u�r�t�h�e�r�m�o�r�e�,� �b�o�t�h� �b�e�l�i�e�v�e�d� �i�n� 

�t�h�e� �l�a�w� �o�f� �a�v�e�r�a�g�e�s�.� �T�h�e� �"�s�e�c�r�e�t�"� �t�o� �T�y�c�h�o�'�s� �p�r�e�c�i�s�i�o�n� �a�n�d� 

�c�o�n�s�i�s�t�e�n�c�y� �i�n�v�o�l�v�e�d� �h�i�s� �c�o�m�b�i�n�i�n�g� �"�o�f� �m�e�a�s�u�r�e�m�e�n�t�s� �f�r�o�m� �m�a�n�y� 

�i�n�s�t�r�u�m�e�n�t�s� �o�v�e�r� �a� �l�o�n�g� �p�e�r�i�o�d� �o�f� �t�i�m�e�,� �[�m�a�k�i�n�g� �p�r�o�l�o�n�g�e�d� 

�o�b�s�e�r�v�a�t�i�o�n� �p�a�r�a�m�o�u�n�t� �t�o� �h�i�s� �s�u�c�c�e�s�s�]� �.�.� �.� �.� �H�e� �w�a�s� �t�h�e� 

�f�i�r�s�t� �t�o� �s�e�e� �t�h�a�t� �i�t� �w�a�s� �a�l�s�o� �n�e�c�e�s�s�a�r�y� �t�o� �t�a�k�e� �l�o�n�g� �s�e�r�i�e�s� 

�o�f� �o�b�s�e�r�v�a�t�i�o�n�s� �s�o� �t�h�a�t� �r�a�n�d�o�m�,� �i�n�s�t�r�u�m�e�n�t�a�l� �a�n�d� �h�u�m�a�n� �e�r�r�o�r� 

�c�a�n� �b�e� �a�v�e�r�a�g�e�d� �o�u�t�.�"�!�8�°� �B�y� �f�i�l�t�e�r�i�n�g� �o�u�t� �t�h�e�s�e� �"�s�y�s�t�e�m�a�t�i�c�"� 

�e�r�r�o�r�s�,� �T�y�c�h�o�'�s� �c�o�m�p�u�t�a�t�i�o�n�s� �w�e�r�e� �h�i�g�h�l�y� �a�c�c�u�r�a�t�e�.� �H�e�v�e�l�i�u�s� 

�c�o�n�t�i�n�u�e�d� �t�h�i�s� �T�y�c�h�o�n�i�c� �t�r�a�d�i�t�i�o�n�,� �a�c�q�u�i�r�i�n�g� �a� �g�r�e�a�t� 

�m�u�l�t�i�t�u�d�e� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s� �f�r�o�m� �h�i�s� �d�i�f�f�e�r�e�n�t� �i�n�s�t�r�u�m�e�n�t�s� �s�o� 

�t�h�a�t� �h�e� �c�o�u�l�d� �f�i�l�t�e�r� �o�u�t� �a�n�y� �e�r�r�o�r�s� �w�h�i�c�h� �m�i�g�h�t� �a�c�c�r�u�e�.�}�8�!� 

�D�e�s�p�i�t�e� �t�h�e� �p�r�o�g�r�e�s�s� �i�n� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �b�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� 

�a�n�d� �T�y�c�h�o�,� �H�e�v�e�l�i�u�s� �r�e�m�a�i�n�e�d�,� �f�o�r� �t�h�e� �m�o�s�t� �p�a�r�t�,� �a�n� �a�d�h�e�r�e�n�t� 

�o�f� �t�h�e� �T�y�c�h�o�n�i�c� �t�r�a�d�i�t�i�o�n�.� �P�e�r�h�a�p�s� �w�h�a�t� �b�e�s�t� �c�h�a�r�a�c�t�e�r�i�z�e�s� 

�h�i�m� �a�s� �t�h�e� �l�a�s�t� �a�s�t�r�o�n�o�m�e�r� �o�f� �t�h�e� �T�y�c�h�o�n�i�c� �s�c�h�o�o�l�,� �w�a�s� �h�i�s� 

�c�o�n�t�i�n�u�e�d� �a�d�v�o�c�a�c�y� �o�f� �o�p�e�n� �s�i�g�h�t�s� �e�v�e�n� �t�h�o�u�g�h� �h�e� �w�a�s� �a�w�a�r�e� �o�f� 
� � 

�1�8�0� �W�a�l�t�e�r� �G�.� �W�e�s�l�e�y�,� �"�T�h�e� �A�c�c�u�r�a�c�y� �o�f� �T�y�c�h�o� �B�r�a�h�e�'�s� �I�n�s�t�r�u�m�e�n�t�s�,�"� 
�s�J�o�u�r�n�a�l� �f�o�r� �t�h�e� �H�i�s�t�o�r�y� �o�f� �A�s�t�r�o�n�o�m�y� �9� �(�1�9�7�8�)�:� �5�1�-�5�2�.� 
�1�8�1� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g�,� �8�2�.� �O�n�e� �o�t�h�e�r� �s�i�m�i�l�a�r�i�t�y�,� �w�h�i�c�h� �w�a�s� �m�a�n�i�f�e�s�t� �i�n� 
�H�e�v�e�l�i�u�s�'� �M�a�c�h�i�n�a� �c�o�e�l�e�s�t�i�s�,� �w�a�s� �t�h�a�t� �i�t� �w�a�s� �m�o�d�e�l�e�d� �a�f�t�e�r� �T�y�c�h�o�'�s� 

�A�s�t�r�o�n�o�m�i�a�e� �i�n�s�t�a�v�r�a�t�a�e� �m�e�c�h�a�n�i�c�a� �(�1�5�9�8�)�,� �i�n� �w�h�i�c�h� �T�y�c�h�o� �d�e�s�c�r�i�b�e�d� �h�i�s� 

�i�n�s�t�r�u�m�e�n�t�s�,� �t�h�e� �u�s�e� �o�f� �p�i�n�n�u�l�e�s� �(�o�p�e�n� �s�i�g�h�t�s�)�,� �d�i�v�i�s�i�o�n�s�,� �a�n�d� �h�i�s� 
�o�b�s�e�r�v�a�t�o�r�y� �"�S�t�j�e�r�n�e�b�o�r�g�"�,� �o�n� �t�h�e� �i�s�l�e� �o�f� �H�v�e�e�n�.� �S�e�e� �T�y�c�h�o� �B�r�a�h�e�,� �T�y�c�h�o� 
�B�r�a�h�e�'�s� �L�  ��p�t�i� �f� �h�i�s� �I� �,� �1� �8�e�3�  ��f�i�c� �W�o�r�l� �G�3� �1� 

�A�s�t�r�o�n�o�m�i�a�e� �i�n�s�t�a�u�r�a�t�a�e� �m�e�c�h�a�n�i�c�a�,� �t�r�a�n�s�.� �a�n�d� �e�d�.� �H�a�n�s� �R�a�d�e�r�,� �E�l�l�i�s� 
�S�t�r�é�m�g�r�e�n�,� �a�n�d� �B�e�n�g�t� �S�t�r�é�m�g�r�e�n� �(�C�o�p�e�n�h�a�g�e�n�:� �I� �K�o�m�m�i�s�s�i�o�n� �H�o�s� �E�j�n�a�r� 
�M�u�n�k�s�g�a�a�r�d�,� �1�9�4�6�)� �f�o�r� �t�h�e� �c�o�m�p�a�r�i�s�o�n�.� 
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�t�h�e� �o�p�i�n�i�o�n�s� �o�f� �o�t�h�e�r�s� �w�h�o� �d�e�p�e�n�d�e�d� �o�n� �l�e�n�s�e�s� �f�o�r� �t�a�k�i�n�g� 

�m�e�a�s�u�r�e�m�e�n�t�s�.� �H�i�s� �d�e�e�p�-�r�o�o�t�e�d� �c�o�n�v�i�c�t�i�o�n� �t�o� �d�e�f�e�n�d� �o�p�e�n�-� 

�s�i�g�h�t�s� �i�s� �d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �t�h�e� �s�e�n�t�i�m�e�n�t� �f�o�u�n�d� �i�n� �h�i�s� �w�o�r�k�s� �-�-� 

�"�T� �p�r�e�f�e�r� �t�h�e� �u�n�a�i�d�e�d� �e�y�e�"� �(�F�i�g�u�r�e� �1�1�)� �.�1�8� 

�D�e�s�p�i�t�e� �t�h�e� �f�a�c�t� �t�h�a�t� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �b�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� 

�a�n�d� �H�o�o�k�e� �c�o�n�c�e�r�n�i�n�g� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �b�e�g�a�n� �a�s� �e�a�r�l�y� �a�s� �t�h�e� 

�m�i�d�-�1�6�6�0�'�s�,� �t�h�e�i�r� �"�d�i�s�a�g�r�e�e�m�e�n�t� �[�w�a�s�]� �s�o� �p�o�l�i�t�e�l�y� �h�a�n�d�l�e�d� �o�n� 

�b�o�t�h� �s�i�d�e�s� �t�h�a�t� �i�t� �c�a�n�n�o�t�,� �a�t� �t�h�i�s� �p�o�i�n�t�,� �b�e� �c�a�l�l�e�d� �a� 

�c�o�n�t�r�o�v�e�r�s�y�.�"�!�8�3� �C�u�r�i�o�u�s�l�y�,� �H�e�v�e�l�i�u�s� �a�n�d� �H�o�o�k�e� �n�e�v�e�r� �m�e�t� �f�a�c�e� 

�t�o� �f�a�c�e�,� �n�o�r� �d�i�d� �t�h�e�y� �e�v�e�r� �w�r�i�t�e� �d�i�r�e�c�t�l�y� �t�o� �e�a�c�h� �o�t�h�e�r�,� �a�s� 

�a�l�l� �t�h�e�i�r� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �p�a�s�s�e�d� �t�h�r�o�u�g�h� �H�e�n�r�y� �O�l�d�e�n�b�u�r�g�.� 

�T�h�i�s� �i�s� �e�v�e�n� �m�o�r�e� �u�n�u�s�u�a�l� �c�o�n�s�i�d�e�r�i�n�g� �t�h�a�t� �H�e�v�e�l�i�u�s� 

�c�o�r�r�e�s�p�o�n�d�e�d� �w�i�t�h� �(�o�r� �m�e�t�)� �a�l�m�o�s�t� �e�v�e�r�y� �o�t�h�e�r� �i�n�d�i�v�i�d�u�a�l� �w�h�o� 

�w�a�s� �i�n�v�o�l�v�e�d� �w�i�t�h� �t�h�e� �d�i�s�p�u�t�e� �b�e�t�w�e�e�n� �o�p�e�n� �a�n�d� �t�e�l�e�s�c�o�p�i�c� 

�s�i�g�h�t�s�,� �s�u�c�h� �a�s� �E�d�m�o�n�d� �H�a�l�l�e�y� �(�1�6�5�6�-�1�7�4�2�)�,� �J�o�h�n� �F�l�a�m�s�t�e�e�d�,� 

�a�n�d� �J�o�h�n� �W�a�l�l�i�s� �(�1�6�1�6�-�1�7�0�3�)�.� 

�I�n� �1�6�6�1�,� �H�o�o�k�e� �p�u�b�l�i�s�h�e�d� �a� �w�o�r�k� �e�n�t�i�t�l�e�d�  ��D�i�s�c�o�u�r�s�e� �o�f� �a� 

�n�e�w� �i�n�s�t�r�u�m�e�n�t� �t�o� �m�a�k�e� �m�o�r�e� �a�c�c�u�r�a�t�e� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n� 

� � 

�1�8�2�  ��p�r�a�e�s�t�a�t� �n�u�d�o� �o�c�u�l�o�"�,� �f�r�o�m� �t�h�e� �c�e�l�e�s�t�i�a�l� �m�a�p� �i�n� �F�i�r�m�a�m�e�n�t�u�m� 
�S�o�b�i�e�s�c�i�a�n�u�m�,� �G�e�d�a�n�i�,� �1�6�9�0� �(�V�o�l�k�o�f�f� �e�t� �a�l�.�,� �H�e�v�e�l�i�u�s�,� �4�6�)�.� �S�e�e� �a�l�s�o� 

�J�.�D�.� �N�o�r�t�h�,�  ��J�o�h�a�n�n�e�s� �H�e�v�e�l�i�u�s�,�"� �D�i�c�t�i�o�n�a�r�y� �o�f� �S�c�i�e�n�t�i�f�i�c� �B�i�o�g�r�a�p�h�y�,� 

�V�o�l�.� �6�,� �3�6�4�.� 

�1�8�3� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �5� �(�1�6�6�8�-�1�6�6�9�)�,� �x�x�i�v�.� 
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�a�s�t�r�o�n�o�m�y�,� �t�h�a�n� �e�v�e�r� �w�e�r�e� �y�e�t� �m�a�d�e�"� �(�1�6�6�1�)�.�1�!�1�8�4� �N�o� �c�o�p�i�e�s� 

�s�u�r�v�i�v�e�d�,� �b�u�t� �J�o�h�n� �A�u�b�r�e�y� �(�1�6�2�6�-�1�6�9�7�)� �d�e�s�c�r�i�b�e�d� �H�o�o�k�e�'�s� 

�i�n�s�t�r�u�m�e�n�t� �a�s� �o�n�e� �w�h�i�c�h�  ��p�e�r�f�o�r�m�s� �m�o�r�e�,� �a�n�d� �m�o�r�e� �e�x�a�c�t�,� �t�h�e�n� 

�a�l�l� �t�h�e� �c�h�a�r�g�e�a�b�l�e� �a�p�p�a�r�a�t�u�s� �o�f� �t�h�e� �n�o�b�l�e� �T�y�c�h�o� �B�r�a�h�e� �o�r� �t�h�e� 

�p�r�e�s�e�n�t� �H�e�v�e�l�i�u�s� �o�f� �D�a�n�t�z�i�c�k�.!"�1�!�8�9� �T�h�e�r�e�f�o�r�e�,� �H�o�o�k�e� �w�a�s� 

�c�o�n�c�e�r�n�e�d� �w�i�t�h� �t�h�e� �p�r�e�c�i�s�i�o�n� �o�f� �a�s�t�r�o�n�o�m�i�c�a�l� �i�n�s�t�r�u�m�e�n�t�s� �a�s� 

�f�a�r� �b�a�c�k� �a�s� �1�6�6�1�,� �a�l�t�h�o�u�g�h� �h�e� �d�i�d� �n�o�t� �c�o�m�m�u�n�i�c�a�t�e� �t�h�i�s� �t�o� �t�h�e� 

�o�t�h�e�r� �m�e�m�b�e�r�s� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �u�n�t�i�l� �1�6�6�5�.� 

�T�h�e� �f�i�r�s�t� �e�v�i�d�e�n�c�e� �o�f� �a�n� �e�x�c�h�a�n�g�e� �b�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� �a�n�d� 

�H�o�o�k�e� �o�n� �t�h�e� �i�s�s�u�e� �o�f� �s�i�g�h�t�s� �o�c�c�u�r�r�e�d� �i�n� �1�6�6�5�.� �T�h�e� �s�a�m�e� 

�y�e�a�r�,� �O�l�d�e�n�b�u�r�g� �i�n�f�o�r�m�e�d� �A�u�z�o�u�t� �t�h�a�t� �H�o�o�k�e� �b�e�l�i�e�v�e�d� �o�n�l�y� �a� 

�"�f�e�w� �p�e�r�s�o�n�s� �c�a�n� �d�i�s�t�i�n�g�u�i�s�h� �a�n� �a�n�g�l�e� �l�e�s�s� �t�h�a�n� �o�n�e� �m�i�n�u�t�e�,� 

�a�l�t�h�o�u�g�h� �s�o�m�e� �b�y� �p�r�a�c�t�i�c�e� �c�a�n� �t�r�a�i�n� �t�h�e�m�s�e�l�v�e�s� �t�o� �s�e�e� �a� 

�l�e�s�s�e�r� �o�n�e�.�"�!�8�&� �T�h�e� �o�n�l�y� �o�t�h�e�r� �e�v�i�d�e�n�c�e� �o�f� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� 

�d�u�r�i�n�g� �t�h�i�s� �y�e�a�r�,� �i�s� �i�n� �H�o�o�k�e�'�s� �A�n�i�m�a�d�v�e�r�s�i�o�n�s� �o�n� �t�h�e� �f�i�r�s�t� 

�p�a�r�t� �o�f� �t�h�e� �'�"�M�a�c�h�i�n�a� �C�o�e�l�e�s�t�i�s�'� �o�f�,� �.� �.� �J�o�h�a�n�n�e�s� �H�e�v�e�l�i�u�s� 

�(�1�6�7�4�)�.� �H�o�o�k�e� �s�t�a�t�e�d� �t�h�a�t� �h�e� �h�a�d� �c�o�m�m�u�n�i�c�a�t�e�d� �w�i�t�h� �H�e�v�e�l�i�u�s� 

�(�t�h�r�o�u�g�h� �O�l�d�e�n�b�u�r�g�)� �o�n� �t�h�e� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �n�a�k�e�d�-�e�y�e� �s�i�g�h�t�s�,� 

�a�n�d�  ��a�l�s�o� �t�h�e� �w�a�y� �o�f� �m�a�k�i�n�g� �i�n�s�t�r�u�m�e�n�t�s� �o�f� �m�u�c�h� �l�e�s�s� �b�u�l�k�,� �t�o� 

�d�o� �t�e�n� �t�i�m�e�s� �m�o�r�e� �t�h�e�n� �'�t�w�a�s� �p�o�s�s�i�b�l�e� �t�o� �d�o� �w�i�t�h� �t�h�e� �l�a�r�g�e�s�t� 

�i�n�s�t�r�u�m�e�n�t�s� �m�a�d�e� �t�h�e� �c�o�m�m�o�n� �w�a�y�.�"�!�8�?� �H�o�o�k�e� �r�e�p�r�i�n�t�e�d� 
� � 

�1�8�4� �G�,� �K�e�y�n�e�s�,� �A� �B�i�b�l�i�o�g�r�a�p�h�y� �o�f� �R�o�b�e�r�t� �H�o�o�k�e� �(�O�x�f�o�r�d�,� �1�9�6�6�)�,� �1�2�;� �c�i�t�e�d� 
�i�n� �B�e�n�n�e�t�t�,� �"�H�o�o�k�e�'�s� �I�n�s�t�r�u�m�e�n�t�s�,�"� �i�n� �H�u�n�t�e�r� �a�n�d� �S�c�h�a�f�f�e�r�,� �R�o�b�e�r�t� �H�o�o�k�e�,� 
�2�1�-�2�2�.� 

�1�8�5� �I�b�i�d�.�,� �2�2�.� 
�1�8�6� �H�o�o�k�e� �e�v�e�n�t�u�a�l�l�y� �d�r�o�p�p�e�d� �t�h�e� �c�l�a�i�m� �t�h�a�t� �o�n�e� �c�a�n� �t�r�a�i�n� �h�i�m�s�e�l�f� �t�o� 
�d�i�s�t�i�n�g�u�i�s�h� �l�e�s�s� �t�h�a�n� �o�n�e� �m�i�n�u�t�e� �o�f� �a�r�c�.� �2�3� �J�u�l�y� �1�6�6�5�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� 
�C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2�,� �4�4�3�.� 
�1�8�7� �R�,� �H�o�o�k�e�,� �A�n�i�m�a�d�v�e�r�s�i�o�n�s� �o�n� �t�h�e� �f�i�r�s�t� �p�a�r�t� �o�f� �t�h�e� �'�M�a�c�h�i�n�a� 
�C�o�e�l�e�s�t�i�s�'� �o�f�.� �.� �.� �J�o�h�a�n�n�e�s� �H�e�v�e�l�i�u�s�,� �e�d�.� �R�.�T�.� �G�u�n�t�h�e�r�,� �E�a�r�l�y� �S�c�i�e�n�c�e� �i�n� 
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�H�e�v�e�l�i�u�s�'� �r�e�p�l�y� �a�g�a�i�n�s�t� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� 

�H�e�v�e�l�i�u�s� �r�e�s�p�o�n�d�e�d� �t�h�a�t� �s�a�m�e� �y�e�a�r�.�1�8�8� 

�H�e�v�e�l�i�u�s� �a�n�d� �H�o�o�k�e� �p�i�c�k�e�d� �u�p� �t�h�e�i�r� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �a�g�a�i�n� 

�i�n� �1�6�6�7� �a�s� �e�a�c�h� �f�u�r�n�i�s�h�e�d� �h�i�s� �o�w�n� �a�r�g�u�m�e�n�t�s� �t�o�w�a�r�d�s� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.� �H�o�o�k�e� �i�n�d�i�c�a�t�e�d� �t�o� �O�l�d�e�n�b�u�r�g� �t�h�a�t� �h�e� 

�h�o�p�e�d� �H�e�v�e�l�i�u�s� �w�o�u�l�d� �c�o�n�s�i�d�e�r� �u�s�i�n�g� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �o�n� �h�i�s� 

�m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s�.� �H�e� �w�a�s� �e�v�e�n� �w�i�l�l�i�n�g� �t�o� �h�e�l�p� �H�e�v�e�l�i�u�s� 

�l�e�a�r�n� �m�o�r�e� �a�b�o�u�t� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �i�f� �n�e�c�e�s�s�a�r�y�.�!�8�9� �H�e�v�e�l�i�u�s� 

�w�a�s� �"�g�r�a�t�e�f�u�l�"� �f�o�r� �H�o�o�k�e�'�s� �a�d�v�i�c�e�,� �a�n�d� �r�e�q�u�e�s�t�e�d� �t�h�a�t� �t�h�e� 

�l�a�t�t�e�r� �s�e�n�d� �h�i�m�  ��a� �f�u�l�l� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�o�s�e� �t�e�l�e�s�c�o�p�i�c� 

�s�i�g�h�t�s� �f�i�t�t�e�d� �t�o� �s�e�x�t�a�n�t�s� �f�o�r� �m�e�a�s�u�r�i�n�g� �s�t�e�l�l�a�r� �d�i�s�t�a�n�c�e�s�;� 

�f�o�r� �[�h�e� �r�e�l�i�e�s�]� �o�n� �h�i�s� �c�o�n�f�i�d�e�n�c�e� �t�h�a�t� �t�h�e�y� �a�r�e� �i�n�d�e�e�d� �u�s�e�f�u�l� 

�i�n� �o�b�s�e�r�v�a�t�i�o�n�.�"�!�9�°� � �H�e�v�e�l�i�u�s�'� �l�e�t�t�e�r� �w�a�s� �r�e�a�d� �a�t� �t�h�e� �R�o�y�a�l� 

�S�o�c�i�e�t�y� �m�e�e�t�i�n�g� �o�n� �N�o�v�e�m�b�e�r� �4�,� �1�6�6�7�,� �a�n�d� �O�l�d�e�n�b�u�r�g� 

�c�o�m�m�u�n�i�c�a�t�e�d� �H�e�v�e�l�i�u�s�'� �r�e�q�u�e�s�t� �f�o�r� �a� �d�e�s�c�r�i�p�t�i�o�n� �o�f� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �a�n�d� �t�h�e� �d�a�t�e� �i�n� �w�h�i�c�h� �H�e�v�e�l�i�u�s� �w�o�u�l�d� 

�p�u�b�l�i�s�h� �t�h�e� �C�o�m�e�t�o�g�r�a�p�h�i�a� �(�1�6�6�8�)�.� �T�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �w�a�n�t�e�d� 

�t�o� �c�o�m�p�l�y� �w�i�t�h� �H�e�v�e�l�i�u�s�'� �r�e�q�u�e�s�t� �f�o�r� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n�,� �a�n�d� 

�d�e�s�i�r�e�d� �"�M�r�.� �H�o�o�k�e� �t�o� �b�e� �m�i�n�d�f�u�l� �o�f� �h�i�s� �p�r�o�m�i�s�e�"� �t�o� �s�e�n�d� 

�H�e�v�e�l�i�u�s� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �h�e� �r�e�q�u�e�s�t�e�d�.�!�?�!� 
� � 

�O�x�f�o�r�d�,� �V�o�l�.� �8�,� �T�h�e� �C�u�t�l�e�r� �L�e�c�t�u�r�e�s� �o�f� �R�o�b�e�r�t� �H�o�o�k�e� �(�L�o�n�d�o�n�:� �D�a�w�s�o�n�s� �o�f� 
�P�a�l�l� �M�a�l�l�,� �1�9�3�1�;� �r�e�p�r�i�n�t�,� �W�i�n�c�h�e�s�t�e�r�:� �W�a�r�r�e�n� �a�n�d� �S�o�n� �L�i�m�i�t�e�d�,� �1�9�6�8�)�,� �4�1�.� 
�1�8�8� �I�b�i�d�.� �T�h�e� �o�n�l�y� �i�n�d�i�c�a�t�i�o�n� �t�h�a�t� �t�h�e�r�e� �w�a�s� �a�n� �e�x�c�h�a�n�g�e� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� 
�i�n� �1�6�6�5�,� �i�s� �i�n� �H�o�o�k�e�'�s� �A�n�i�m�a�d�v�e�r�s�i�o�n�s� �(�H�o�o�k�e� �d�o�e�s� �n�o�t� �g�i�v�e� �a�n� �e�x�a�c�t� �d�a�t�e� 

�f�o�r� �e�i�t�h�e�r� �l�e�t�t�e�r�)�.� �I� �h�a�v�e� �n�o�t� �b�e�e�n� �a�b�l�e� �t�o� �l�o�c�a�t�e� �t�h�e�s�e� �l�e�t�t�e�r�s� �i�n� �a�n�y� 
�o�t�h�e�r� �s�o�u�r�c�e�s�.� 

�1�8�9� �¢�.� �2�0� �F�e�b�r�u�a�r�y� �1�6�6�7�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �3� �(�1�6�6�6�-� 
�1�6�6�7�)�,� �3�4�8�.� 
�1�9�0� �H�e�v�e�l�i�u�s� �t�o� �O�l�d�e�n�b�u�r�g�,� �1�1� �O�c�t�o�b�e�r� �1�6�6�7�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� 
�C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �3�,� �5�1�9�.� 
�1�9�1� �B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �V�o�l�.� �2�,� �2�0�9�.� 
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�C�o�r�r�e�s�p�o�n�d�e�n�c�e� �b�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� �a�n�d� �H�o�o�k�e� �b�e�c�a�m�e� �m�o�r�e� 

�f�r�e�q�u�e�n�t� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �y�e�a�r�.� �O�l�d�e�n�b�u�r�g� �i�n�f�o�r�m�e�d� �H�e�v�e�l�i�u�s� 

�o�f� �H�o�o�k�e�'�s� �o�p�i�n�i�o�n� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �q�u�o�t�i�n�g� �H�o�o�k�e� 

�v�e�r�b�a�t�i�m�:� 

�T�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �s�o� �g�r�e�a�t�l�y� �s�u�r�p�a�s�s� �t�h�o�s�e� 
�c�o�m�m�o�n�l�y� �u�s�e�d� �i�n� �i�n�s�t�r�u�m�e�n�t�s� �o�f� �a�l�l� �k�i�n�d�s�,� 
�w�h�e�t�h�e�r� �q�u�a�d�r�a�n�t�s�,� �s�e�x�t�a�n�t�s�,� �o�r� �l�e�v�e�l�s�,� 
�e�s�p�e�c�i�a�l�l�y� �f�o�r� �a�n�y� �k�i�n�d� �o�f� �c�e�l�e�s�t�i�a�l� 
�o�b�s�e�r�v�a�t�i�o�n�,� �t�h�a�t� �w�i�t�h� �t�h�e�m� �a�n� �i�n�s�t�r�u�m�e�n�t� �o�f� 
�o�n�e� �s�p�a�n� �r�a�d�i�u�s� �c�a�n� �b�e� �m�a�d�e� �m�u�c�h� �m�o�r�e� �a�c�c�u�r�a�t�e� 
�t�h�a�n� �a�n�o�t�h�e�r� �o�f� �s�i�x�t�y�-�f�o�o�t� �r�a�d�i�u�s�,� �h�o�w�e�v�e�r� 
�g�o�o�d�,� �h�a�v�i�n�g� �c�o�m�m�o�n� �s�i�g�h�t�s�.� �.� �.� �.� �A�s� �f�o�r� 
�d�i�v�i�d�i�n�g� �t�h�i�s� �q�u�a�d�r�a�n�t�!�9�2� �i�n�t�o� �d�e�g�r�e�e�s�,� 
�m�i�n�u�t�e�s�,� �a�n�d� �s�e�c�o�n�d�s�,� �n�o� �d�o�u�b�t� �t�h�e� �v�e�r�y� 
�s�k�i�l�l�f�u�l� �M�r�.� �H�e�v�e�l�i�u�s� �k�n�o�w�s� �m�a�n�y� �g�o�o�d� �w�a�y�s� �o�f� 
�d�o�i�n�g� �t�h�i�s�.� �I�f� �h�e� �w�o�u�l�d� �l�i�k�e� �t�o� �k�n�o�w� �t�h�o�s�e� �I� 
�h�a�v�e� �d�i�s�c�o�v�e�r�e�d�,� �I� �w�i�l�l� �g�l�a�d�l�y� �i�m�p�a�r�t� �t�h�e�m� �t�o� 
�h�i�m� �a�t� �a� �w�o�r�d�.�}�!�%� 

�F�o�r� �h�i�s� �p�a�r�t�,� �H�e�v�e�l�i�u�s� �t�h�a�n�k�e�d� �H�o�o�k�e� �b�y� �s�e�n�d�i�n�g� �h�i�m� �a� �c�o�p�y� �o�f� 

�C�o�m�e�t�o�g�r�a�p�h�i�a�,� �a�n�d� �r�e�q�u�e�s�t�e�d� �O�l�d�e�n�b�u�r�g� �t�o� �f�i�n�d� �s�o�m�e� �g�o�o�d�,� 

�i�n�e�x�p�e�n�s�i�v�e� �l�e�n�s�e�s� �f�o�r� �h�i�m�.� �R�e�s�p�o�n�d�i�n�g� �t�o� �H�o�o�k�e�'�s� �a�r�g�u�m�e�n�t�s� 

�f�o�r� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �H�e�v�e�l�i�u�s� �a�r�g�u�e�d� �t�h�a�t� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� 

�a�r�e� �n�o�t� �a�s� �r�e�l�i�a�b�l�e� �a�s� �o�p�e�n� �s�i�g�h�t�s�,� �e�v�e�n� �i�f� �t�h�e� �s�i�g�h�t�s� �a�r�e� 

�p�r�o�p�e�r�l�y� �m�o�u�n�t�e�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�e�l�e�s�c�o�p�e�s� �m�a�y� �s�h�i�f�t� �b�e�c�a�u�s�e� 

�t�h�e�y� �a�r�e� �n�o�t�  ��f�i�r�m�l�y� �f�i�x�e�d�.� �.� �.� �e�v�e�n� �i�f� �t�h�e�y� �a�r�e� �c�a�l�i�b�r�a�t�e�d� 

�w�i�t�h� �a�l�l� �d�i�l�i�g�e�n�c�e�.�"�!�9�4� �H�e�v�e�l�i�u�s� �a�s�k�e�d� �t�h�a�t� �s�o�m�e�o�n�e� �p�r�o�v�i�d�e� 

�h�i�m� �w�i�t�h� �p�r�o�o�f� �t�h�a�t� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �a�r�e� �m�o�r�e� �a�c�c�u�r�a�t�e�,� �b�y� 

�p�r�e�s�e�n�t�i�n�g� �h�i�m� �w�i�t�h� �e�i�g�h�t� �o�b�s�e�r�v�a�t�i�o�n�s� �o�f� �d�i�s�t�a�n�c�e�s� �(�o�b�s�e�r�v�e�d� 

�u�s�i�n�g� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�)� �b�e�t�w�e�e�n� �c�e�r�t�a�i�n� �s�t�a�r�s� �w�h�i�c�h� �h�e� 

� � 

�1�9�2� �H�o�o�k�e� �i�s� �r�e�f�e�r�r�i�n�g� �t�o� �a� �q�u�a�d�r�a�n�t� �w�h�i�c�h� �h�e� �h�i�m�s�e�l�f� �d�e�s�i�g�n�e�d�.� 
�1�9�3� �1�1� �M�a�y� �1�6�6�8�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �4�,� �3�9�6�-�3�9�7�.� 

�1�9�4� �H�e�v�e�l�i�u�s� �t�o� �O�l�d�e�n�b�u�r�g�,� �3� �J�u�n�e� �1�6�6�8�,� �I�b�i�d�.�,� �4�4�7�-�4�4�8�.� �T�h�i�s� �l�e�t�t�e�r� �w�a�s� 
�r�e�a�d� �t�o� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �o�n� �J�u�n�e� �2�5�,� �1�6�6�8� �(�B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �V�o�l�.� �2�,� 
�3�0�1�)�.� 

�5�9



�n�a�m�e�d�.�!�9�°� �H�o�o�k�e� �r�e�p�l�i�e�d� �t�o� �H�e�v�e�l�i�u�s�'� �l�a�t�e�s�t� �c�o�n�t�e�n�t�i�o�n� �b�y� 

�a�r�g�u�i�n�g� �t�h�a�t� �"�t�h�e� �n�a�k�e�d� �e�y�e� �i�s� �b�a�r�e�l�y� �a�b�l�e� �t�o� �d�i�s�t�i�n�g�u�i�s�h� 

�w�i�t�h� �c�o�n�f�i�d�e�n�c�e� �a�n� �a�n�g�l�e� �o�f� �o�n�e� �w�h�o�l�e� �m�i�n�u�t�e�,� �w�h�e�r�e�a�s� �t�h�e� �e�y�e� 

�f�u�r�n�i�s�h�e�d� �w�i�t�h� �a� �t�e�l�e�s�c�o�p�e� �c�a�n� �e�a�s�i�l�y� �d�i�s�t�i�n�g�u�i�s�h� �a�n�y� �n�u�m�b�e�r� 

�o�f� �s�e�c�o�n�d�s� �o�f� �a�r�c�,� �o�r� �e�v�e�n� �a� �s�i�n�g�l�e� �s�e�c�o�n�d�.� �"�1�%� 

�I�n� �t�h�i�s� �s�e�c�o�n�d� �s�t�a�g�e� �o�f� �c�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �t�h�e� �d�i�s�a�g�r�e�e�m�e�n�t� 

�b�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� �a�n�d� �H�o�o�k�e� �b�e�c�a�m�e� �a� �c�o�n�t�r�o�v�e�r�s�y� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �t�h�e� �l�a�t�e� �s�e�v�e�n�t�e�e�n�t�h� �c�e�n�t�u�r�y�.�!�9�?� �H�e�v�e�l�i�u�s�'� 

�C�o�m�e�t�o�g�r�a�p�h�i�a�,� �a� �t�e�x�t� �c�o�n�c�e�r�n�i�n�g� �t�h�e� �h�i�s�t�o�r�y� �a�n�d� �p�h�y�s�i�c�a�l� 

�c�o�n�s�t�i�t�u�t�i�o�n� �o�f� �c�o�m�e�t�s�,� �a�n�d� �e�s�p�e�c�i�a�l�l�y� �t�h�e� �c�o�m�e�t� �o�f� �1�6�5�2�,� �w�a�s� 

�p�u�b�l�i�s�h�e�d� �i�n� �t�h�e� �f�a�l�l� �o�f� �1�6�6�8�.�1�9�8� �O�l�d�e�n�b�u�r�g� �d�i�s�t�r�i�b�u�t�e�d� 

�s�e�v�e�r�a�l� �c�o�p�i�e�s� �t�o� �c�e�r�t�a�i�n� �m�e�m�b�e�r�s�,� �i�n�c�l�u�d�i�n�g� �H�o�o�k�e�,� �d�u�r�i�n�g� 

�t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �m�e�e�t�i�n�g� �o�n� �O�c�t�o�b�e�r� �2�2�,� �w�h�o� �w�e�r�e� �a�s�k�e�d� �t�o� 

�"�p�b�e�r�u�s�e� �i�t�,� �a�n�d� �b�r�i�n�g� �i�n� �t�h�e�i�r� �t�h�o�u�g�h�t�s� �u�p�o�n� �i�t�.�"�!�9�9� �S�e�v�e�r�a�l� 

�d�a�y�s� �l�a�t�e�r�,� �O�l�d�e�n�b�u�r�g� �r�e�p�o�r�t�e�d� �t�o� �H�e�v�e�l�i�u�s� �t�h�a�t�,� �a�f�t�e�r� �h�a�v�i�n�g� 

�r�e�a�d� �C�o�m�e�t�o�g�r�a�p�h�i�a�,� �H�o�o�k�e� 

� � 

�1�9�5� �H�o�o�k�e� �n�e�v�e�r� �t�o�o�k� �u�p� �H�e�v�e�l�i�u�s�'� �c�h�a�l�l�e�n�g�e� �t�o� �f�i�n�d� �t�h�e� �e�i�g�h�t� �d�i�s�t�a�n�c�e�s� 
�h�e� �l�i�s�t�e�d�.� �H�o�w�e�v�e�r�,� �F�l�a�m�s�t�e�e�d� �e�v�e�n�t�u�a�l�l�y� �m�a�d�e� �t�h�e�s�e� �e�i�g�h�t� �o�b�s�e�r�v�a�t�i�o�n�s� 
�a�n�d� �c�o�m�p�a�r�e�d� �t�h�e�m� �t�o� �H�e�v�e�l�i�u�s�'� �f�i�g�u�r�e�s� �(�B�é�z�i�a�t�,�  ��L�a� �v�i�e�,�"� �6�1�7�)�.� 
�1�9�6� �O�l�d�e�n�b�u�r�g� �t�o� �H�e�v�e�l�i�u�s�,� �3�0� �J�u�l�y� �1�6�6�8�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� 

�V�o�l�.� �4�,� �5�7�9�.� �H�o�o�k�e� �i�g�n�o�r�e�d� �h�i�s� �p�r�e�v�i�o�u�s� �c�l�a�i�m� �t�h�a�t� �o�n�e� �c�a�n� �t�r�a�i�n� 
�h�i�m�s�e�l�f� �t�o� �d�i�s�c�e�r�n� �l�e�s�s� �t�h�a�n� �a� �m�i�n�u�t�e� �o�f� �a�r�c� �(�S�e�e� �n�.� �1�8�6�)�.� 
�1�9�7� �S�e�e� �I�b�i�d�.�,� �V�o�l�.� �2�,� �x�x�i�i�-�x�x�i�i�i�.� 
�1�9�8� �N�o�r�t�h�,�  ��H�e�v�e�l�i�u�s�,�"� �3�6�2�.� 
�1�9�9� �B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �V�o�l�.� �2�,� �3�1�3�.� 
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�p�e�r�s�i�s�t�s� �i�n� �h�i�s� �v�i�e�w� �t�h�a�t� �[�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�]� 
�a�r�e� �(�y�o�u�r� �d�o�u�b�t�s� �n�o�t�w�i�t�h�s�t�a�n�d�i�n�g�)� �t�e�n�,� �t�w�e�n�t�y�,� 
�t�h�i�r�t�y�,� �o�r� �f�o�r�t�y� �t�i�m�e�s� �m�o�r�e� �a�c�c�u�r�a�t�e� �t�h�a�n� �t�h�e� 
�c�o�m�m�o�n� �s�i�g�h�t�s�.� �.� �.� �.� �A�n�d� �h�e� �a�d�d�s� �t�h�a�t� �i�t� �i�s� 
�n�o�t� �p�o�s�s�i�b�l�e� �b�y� �m�e�a�n�s� �o�f� �t�h�e� �c�o�m�m�o�n� �s�i�g�h�t�s� �t�o� 
�e�f�f�e�c�t� �o�b�s�e�r�v�a�t�i�o�n�s� �o�f� �t�h�e� �f�i�x�e�d� �s�t�a�r�s� �o�r� �t�h�e� 
�m�o�o�n� �t�o� �a� �h�i�g�h�e�r� �p�r�e�c�i�s�i�o�n� �t�h�a�n� �t�h�a�t� �o�f� �a� 
�w�h�o�l�e� �m�i�n�u�t�e�,� �w�h�e�r�e�a�s� �w�i�t�h� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �h�e� 
�n�o�w� �u�s�e�s� �h�e� �c�a�n� �m�a�k�e� �s�o�m�e� �r�e�l�i�a�b�l�e� 
�o�b�s�e�r�v�a�t�i�o�n�s� �d�o�w�n� �t�o� �a� �s�e�c�o�n�d� �o�f� �a�r�c�.�?�2�9� 

�I�n� �h�i�s� �n�e�x�t� �t�w�o� �l�e�t�t�e�r�s� �t�o� �O�l�d�e�n�b�u�r�g�,� �H�e�v�e�l�i�u�s� 

�e�m�p�h�a�s�i�z�e�d� �a�g�a�i�n� �t�h�e� �d�i�f�f�i�c�u�l�t�i�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�e�l�e�s�c�o�p�i�c� 

�s�i�g�h�t�s�.� �A�l�t�h�o�u�g�h� �h�e� �w�a�s� �n�o�t� �d�i�s�t�r�a�u�g�h�t� �w�i�t�h� �H�o�o�k�e� �a�t� �t�h�i�s� 

�p�o�i�n�t�,� �t�h�e� �q�u�a�r�r�e�l� �w�a�s� �a�u�g�m�e�n�t�e�d� �b�y� �H�e�v�e�l�i�u�s�'� �d�e�e�p� 

�c�o�n�v�i�c�t�i�o�n�s� �t�h�a�t� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �a�r�e� �i�n�f�e�r�i�o�r� �t�o� �o�p�e�n� 

�s�i�g�h�t�s�.� �F�i�r�s�t�,� �H�e�v�e�l�i�u�s� �c�o�u�n�t�e�r�e�d� �H�o�o�k�e�'�s� �a�r�g�u�m�e�n�t�s� �b�y� 

�c�l�a�i�m�i�n�g� �t�h�a�t� �s�m�a�l�l�e�r� �t�e�l�e�s�c�o�p�i�c� �i�n�s�t�r�u�m�e�n�t�s� �c�a�n�n�o�t� �b�e� �u�s�e�d� 

�m�o�r�e� �a�c�c�u�r�a�t�e�l�y� �o�r� �c�o�n�f�i�d�e�n�t�l�y� �t�h�a�n� �l�a�r�g�e�r� �i�n�s�t�r�u�m�e�n�t�s� 

�a�f�f�i�x�e�d� �w�i�t�h� �c�o�m�m�o�n� �s�i�g�h�t�s�.� �S�e�c�o�n�d�,� �h�e� �a�l�s�o� �a�r�g�u�e�d� �t�h�a�t� 

�l�a�r�g�e� �t�e�l�e�s�c�o�p�e�s� �"�s�h�o�w� �t�h�i�n�g�s� �m�o�r�e� �d�i�s�t�i�n�c�t�l�y�"� �t�h�a�n� �t�h�e�i�r� 

�s�m�a�l�l�e�r� �c�o�u�n�t�e�r�p�a�r�t�s�.� �T�h�i�r�d�,� �s�m�a�l�l� �t�e�l�e�s�c�o�p�e�s� �c�a�n�n�o�t� �b�e� 

 ��p�o�i�n�t�e�d� �p�r�e�c�i�s�e�l�y�"� �t�o� �a�n�y� �o�b�j�e�c�t� �"�b�e�c�a�u�s�e� �o�f� �t�h�e� �r�e�d�u�c�e�d� 

�d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �s�i�g�h�t�s�.�"�2�9�!� �F�o�u�r�t�h�,� �s�m�a�l�l� �t�e�l�e�s�c�o�p�e�s� 

�r�e�v�e�a�l� �t�h�e� �r�a�y�s� �o�f� �s�t�a�r�s� �i�n� �t�h�e� �s�a�m�e� �m�a�n�n�e�r� �a�s� �n�a�k�e�d�-�e�y�e� 

�o�b�s�e�r�v�a�t�i�o�n�.� �L�a�s�t�l�y�,� �l�e�n�s�e�s� �h�a�v�e� �t�o� �b�e� �r�e�m�o�v�e�d� �f�r�e�q�u�e�n�t�l�y� 

�a�n�d� �c�l�e�a�n�e�d�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �t�h�e� �w�i�n�t�e�r�,� �a�s� �t�h�e�y� �a�r�e� 

�s�u�s�c�e�p�t�i�b�l�e� �t�o� �d�i�r�t� �a�n�d� �f�i�l�m�i�n�e�s�s� �c�a�u�s�e�d� �b�y� �t�h�e� �"�v�a�p�o�r� 

�e�m�i�t�t�e�d� �f�r�o�m� �t�h�e� �m�o�u�t�h� �a�n�d� �e�y�e�s� �b�e�c�a�u�s�e� �o�f� �t�h�e� �v�e�r�y� �i�n�t�e�n�s�e� 
� � 

�2�0�0� �(�E�m�p�h�a�s�i�s� �m�i�n�e�)� �2�8� �O�c�t�o�b�e�r� �1�6�6�8�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� 

�5� �(�1�6�6�8�-�1�6�6�9�)�,� �1�1�5�.� �N�o�t�i�c�e� �h�o�w� �H�o�o�k�e� �t�u�r�n�e�d� �t�h�e� �i�s�s�u�e� �f�r�o�m� �o�n�e� �o�f� 
�a�c�c�u�r�a�c�y�,� �i�n�t�o� �o�n�e� �o�f� �p�r�e�c�i�s�i�o�n�.� 
�2�0�1� �1�9� �N�o�v�e�m�b�e�r� �1�6�6�8�,� �I�b�i�d�.�,� �1�8�6�.� 
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�c�o�l�d�.�"�2�°�2�,� �H�e�v�e�l�i�u�s� �a�l�s�o� �s�i�g�n�i�f�i�e�d� �t�h�a�t� �h�e� �"�c�a�n�n�o�t� �p�e�r�s�u�a�d�e� 

�h�i�m�s�e�l�f� �t�h�a�t� �t�h�e� �d�i�s�t�a�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�t�a�r�s� �c�a�n� �b�e� �m�o�r�e� 

�a�c�c�u�r�a�t�e�l�y� �o�b�s�e�r�v�e�d� �w�i�t�h� �t�h�o�s�e� �l�i�t�t�l�e� �i�n�s�t�r�u�m�e�n�t�s�.� �.� �.� �t�h�a�n� 

�w�i�t�h� �g�r�e�a�t� �i�n�s�t�r�u�m�e�n�t�s� �f�u�r�n�i�s�h�e�d� �w�i�t�h� �c�o�m�m�o�n� �s�i�g�h�t�s� �a�c�c�o�r�d�i�n�g� 

�t�o� �[�h�i�s�]� �o�w�n� �s�y�s�t�e�m�,� �"�2�9�3� 

�T�h�i�s� �l�a�t�e�s�t� �s�e�r�i�e�s� �o�f� �l�e�t�t�e�r�s�,� �w�h�i�c�h� �f�o�l�l�o�w�e�d� �t�h�e� 

�p�u�b�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �C�o�m�e�t�o�g�r�a�p�h�i�a�,� �i�n�d�i�c�a�t�e�d� �H�e�v�e�l�i�u�s� �a�n�d� 

�H�o�o�k�e�'�s� �i�n�c�r�e�a�s�i�n�g� �c�o�n�c�e�r�n� �t�o� �d�e�f�e�n�d� �t�h�e�i�r� �r�e�s�p�e�c�t�i�v�e� 

�p�o�s�i�t�i�o�n�s�.� �F�u�r�t�h�e�r�m�o�r�e�,� �O�l�d�e�n�b�u�r�g� �d�i�s�c�l�o�s�e�d� �t�o� �H�e�v�e�l�i�u�s� �t�h�a�t� 

�H�o�o�k�e�,� �w�h�o� �h�a�d� �p�r�o�m�i�s�e�d� �t�o� �s�e�n�d� �H�e�v�e�l�i�u�s� �t�e�l�e�s�c�o�p�i�c� �l�e�n�s�e�s�,� 

�d�e�l�a�y�e�d� �s�e�n�d�i�n�g� �t�h�e�m� �"�b�e�c�a�u�s�e� �o�f� �w�h�a�t� �[�H�o�o�k�e�]� �h�i�m�s�e�l�f� 

�o�b�s�e�r�v�e�d� �i�n� �s�o�m�e� �o�f� �[�H�e�v�e�l�i�u�s�'�]� �l�e�t�t�e�r�s�,� �t�h�a�t� �t�h�a�t� �k�i�n�d� �o�f� 

�s�i�g�h�t� �d�i�d� �n�o�t� �p�l�e�a�s�e� �[�H�e�v�e�l�i�u�s�]� �v�e�r�y� �w�e�l�l�,� �a�n�d� �p�a�r�t�l�y� �b�e�c�a�u�s�e� 

�M�r�.� �H�o�o�k�e� �i�s� �b�u�s�y� �(�b�e�s�i�d�e�s� �o�t�h�e�r� �t�h�i�n�g�s�)� �i�n� �r�e�b�u�i�l�d�i�n�g� �t�h�e� 

�h�o�u�s�e�s� �o�f� �t�h�e� �r�e�s�t�o�r�e�d� �c�i�t�y� �o�f� �L�o�n�d�o�n�.�"�2�9�4� �A�l�t�h�o�u�g�h� �H�o�o�k�e� �m�a�y� 

�h�a�v�e�,� �i�n�d�e�e�d�,� �b�e�e�n� �o�t�h�e�r�w�i�s�e� �e�n�g�a�g�e�d�,� �t�h�e� �l�e�t�t�e�r� �i�n�d�i�c�a�t�e�d� 

�H�o�o�k�e�'�s� �a�w�a�r�e�n�e�s�s� �o�f� �H�e�v�e�l�i�u�s�'� �d�i�s�s�a�t�i�s�f�a�c�t�i�o�n� �w�i�t�h� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �a�n�d� �H�o�o�k�e�'�s� �o�w�n� �i�n�d�i�f�f�e�r�e�n�c�e� �t�o�w�a�r�d�s� 

�H�e�v�e�l�i�u�s�'� �r�e�q�u�e�s�t�.� �B�y� �1�6�7�1�,� �H�e�v�e�l�i�u�s� �a�l�s�o� �s�h�o�w�e�d� �s�i�g�n�s� �o�f� 

�i�r�r�i�t�a�b�i�l�i�t�y� �t�o�w�a�r�d�s� �H�o�o�k�e�,� �a�s� �H�o�o�k�e� �h�a�d� �s�t�i�l�l� �n�o�t� �s�e�n�t� �h�i�m� 

�t�h�e�  ��i�n�s�t�r�u�m�e�n�t� �f�o�r� �m�e�a�s�u�r�i�n�g� �s�m�a�l�l� �d�i�s�t�a�n�c�e�s�,� �p�r�o�m�i�s�e�d� �l�o�n�g� 

� � 

�2�0�2� �T�h�i�s� �l�a�s�t� �a�r�g�u�m�e�n�t� �a�p�p�e�a�r�s� �s�o�m�e�w�h�a�t� �s�p�e�c�i�o�u�s�.� �T�h�e� �n�a�t�u�r�e� �a�n�d� 
�v�a�l�i�d�i�t�y� �o�f� �H�e�v�e�l�i�u�s�'� �o�b�j�e�c�t�i�o�n�s� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �l�a�t�e�r�.� �T�h�i�s� �l�i�s�t� �o�f� 
�o�b�j�e�c�t�i�o�n�s� �a�p�p�e�a�r�s� �i�n� �h�i�s� �l�e�t�t�e�r� �d�a�t�e�d� �1�9� �N�o�v�e�m�b�e�r� �1�6�6�8� �(�s�e�e� �n�.� �2�0�1�)�.� 

�2�0�3� �H�e�v�e�l�i�u�s� �t�o� �O�l�d�e�n�b�u�r�g�,� �1�1� �D�e�c�e�m�b�e�r� �1�6�6�8�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� 
�C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �5�,� �2�4�4�.� 
�2�0�4� �2� �A�u�g�u�s�t� �1�6�6�9�,� �I�b�i�d�.�,� �V�o�l�.� �6� �(�1�6�6�9�-�1�6�7�0�)�,� �1�7�0�.� 
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�a�g�o�,� �"�*�9�°�5� �a�n�d� �H�e�v�e�l�i�u�s� �e�x�p�r�e�s�s�e�d� �t�o� �O�l�d�e�n�b�u�r�g� �h�i�s� �i�m�p�a�t�i�e�n�c�e� 

�w�i�t�h� �t�h�e� �m�a�n� �w�h�o� �w�a�s� �"�a�l�l� �w�o�r�d�s� �a�n�d� �n�o� �d�e�e�d�s�.� �"�2� 

�I�n� �t�h�e� �e�a�r�l�y� �1�6�7�0�'�s�,� �F�l�a�m�s�t�e�e�d� �w�a�s� �i�n�v�o�l�u�n�t�a�r�i�l�y� �d�r�a�w�n� 

�i�n�t�o� �t�h�e� �d�e�b�a�t�e� �s�i�n�c�e� �h�e�,� �t�o�o�,� �a�d�v�o�c�a�t�e�d� �t�h�e� �u�s�e� �o�f� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.� �F�l�a�m�s�t�e�e�d� �a�n�d� �H�o�o�k�e� �w�e�r�e� �n�e�v�e�r� �i�n�t�i�m�a�t�e� 

�f�r�i�e�n�d�s�,� �h�o�w�e�v�e�r�,� �a�n�d� �f�o�r� �t�h�e� �m�o�s�t� �p�a�r�t�,� �t�h�e�y� �n�e�v�e�r� �g�o�t� �a�l�o�n�g� 

�w�e�l�l�.� �A�l�t�h�o�u�g�h� �F�l�a�m�s�t�e�e�d� �b�e�l�i�e�v�e�d� �H�e�v�e�l�i�u�s� �p�o�s�s�e�s�s�e�d� �g�o�o�d� 

�i�n�s�t�r�u�m�e�n�t�s� �a�n�d�,� �f�o�r� �a� �t�i�m�e�,� �a�r�g�u�e�d� �H�e�v�e�l�i�u�s� �w�a�s� �o�n�e� �t�o� �b�e� 

�"�e�m�u�l�a�t�e�d�,�"�2�° �� �h�e� �c�l�a�i�m�e�d� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �p�r�o�v�i�d�e�d� �h�i�m� �w�i�t�h� 

�m�o�r�e� �a�c�c�u�r�a�t�e� �o�b�s�e�r�v�a�t�i�o�n�s� �t�h�a�n� �T�y�c�h�o� �B�r�a�h�e�'�s� �u�s�e� �o�f� �p�l�a�i�n� 

�s�i�g�h�t�s�.� �2�9�8� 

�I�n� �F�l�a�m�s�t�e�e�d�'�s� �f�i�r�s�t� �l�e�t�t�e�r� �c�o�n�c�e�r�n�i�n�g� �H�e�v�e�l�i�u�s�'� �u�s�e� �o�f� 

�o�p�e�n� �s�i�g�h�t�s�,� �h�e� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �h�e� �s�t�i�l�l� �h�a�d� �a� �h�i�g�h� �o�p�i�n�i�o�n� �o�f� 

�H�e�v�e�l�i�u�s� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� �l�a�t�t�e�r� �r�e�m�a�i�n�e�d� �a� �s�t�a�u�n�c�h� �a�d�v�o�c�a�t�e� 

�o�f� �o�p�e�n� �s�i�g�h�t�s�:� 

�A�s� �f�o�r� �M�o�n�s�r�:� �H�e�v�e�l�i�u�s� �I� �e�s�t�e�e�m�e� �h�i�m� �a� �p�e�r�s�o�n� 
�o�f� �t�h�a�t� �c�a�n�d�o�r� �a�n�d� �i�n�g�e�n�u�i�t�e�,� �a�s� �n�o�t� �t�o� �[�g�r�o�w�]� 
�a�n�g�r�y� �a�t� �a�n�y� �o�n�e�,� �w�h�o� �s�h�a�l�l� �c�i�v�i�l�l�y� �a�n�d� 
�w�i�t�h�o�u�t� �g�a�l�l�,� �i�n�f�o�r�m�e� �h�i�m� �o�f� �h�i�s� �e�r�r�o�r�s�:� �&� �h�e�e� 
�c�a�n�n�o�t� �b�e� �s�o� �d�i�s�i�n�t�e�l�l�i�g�e�n�t� �a�s� �n�o�t� �[�t�o�]� 
�p�e�r�c�e�i�v�e�,� �t�h�a�t� �h�i�s� �f�r�i�e�n�d�s� �n�o�t�e�i�n�g� �t�h�e�m� �i�n� �a� 
�C�i�v�i�l�,� �m�a�y� �p�r�e�v�e�n�t� �h�i�s� �e�n�e�m�i�e�s� �f�r�o�m� �c�o�m�m�e�n�t�i�n�g� 
�o�n� �t�h�e�m� �i�n� �a� �d�e�t�r�a�c�t�i�n�g� �w�a�y�.� �.�.� �.�?�°�9� 

� � 

�2�0�5� �H�e�v�e�l�i�u�s� �f�i�r�s�t� �m�a�d�e� �t�h�i�s� �r�e�q�u�e�s�t� �i�n� �1�6�6�8�!� �O�l�d�e�n�b�u�r�g� �s�t�a�t�e�d�,� �"�I� �s�e�e� 
�t�h�a�t� �y�o�u� �t�a�k�e� �i�t� �i�1�1�"� �t�h�a�t� �H�o�o�k�e� �h�a�s� �d�e�l�a�y�e�d� �s�e�n�d�i�n�g� �t�h�i�s� �i�n�s�t�r�u�m�e�n�t� �[�9� 
�N�o�v�e�m�b�e�r� �1�6�7�1�,� �I�b�i�d�.�,� �V�o�l�.� �8� �(�1�6�7�1�-�1�6�7�2�)�,� �3�5�3�]�.� 

�2�0�6� �T�h�i�s� �p�h�r�a�s�e� �w�i�l�l� �h�a�v�e� �a� �d�i�r�e�c�t� �b�e�a�r�i�n�g� �o�n� �t�h�e� �c�o�n�t�r�o�v�e�r�s�y� �i�n� �t�h�e� 
�f�u�t�u�r�e�.� 

�2�0�7� �2�4� �N�o�v�e�m�b�e�r� �1�6�6�9�,� �F�l�a�m�s�t�e�e�d� �t�o� �W�i�l�l�i�a�m� �B�r�o�u�n�k�e�r� �(�c�.�1�6�2�0�-�1�6�8�4�)�,� �i�n� 
�R�i�g�a�u�d�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2�,� �8�1�.� 
�2�0�8� �M�u�r�d�i�n�,� �U�n�d�e�r�,� �1�2�4�.� �F�l�a�m�s�t�e�e�d� �e�v�e�n�t�u�a�l�l�y� �e�q�u�a�t�e�d� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� 
�H�e�v�e�l�i�u�s�'� �o�b�s�e�r�v�a�t�i�o�n�s� �w�i�t�h� �T�y�c�h�o�'�s� �u�s�e� �o�f� �o�p�e�n� �s�i�g�h�t�s�.� 

�2�0�9� �F�l�a�m�s�t�e�e�d� �t�o� �O�l�d�e�n�b�u�r�g�,� �1�8� �F�e�b�r�u�a�r�y� �1�6�7�1�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� 
�C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �7� �(�1�6�7�0�-�1�6�7�1�)�,� �4�6�5�.� �F�l�a�m�s�t�e�e�d� �m�a�y� �b�e� �r�e�f�e�r�r�i�n�g� �t�o� 
�H�o�o�k�e� �i�n� �t�h�i�s� �p�a�s�s�a�g�e�,� �b�u�t� �h�e� �i�s� �a�l�s�o� �r�e�f�e�r�r�i�n�g� �t�o� �h�i�m�s�e�l�f�,� �a�s� �h�e� 

�6�3



�F�l�a�m�s�t�e�e�d� �d�i�r�e�c�t�l�y� �a�d�d�r�e�s�s�e�d� �H�e�v�e�l�i�u�s�'� �u�s�e� �o�f� �o�p�e�n� �s�i�g�h�t�s� �i�n� 

�a� �s�u�b�s�e�q�u�e�n�t� �l�e�t�t�e�r� �t�o� �O�l�d�e�n�b�u�r�g�.� �N�e�w�s� �o�f� �H�e�v�e�l�i�u�s�'� �p�l�a�n�s� 

�f�o�r� �a� �n�e�w� �s�t�a�r� �c�a�t�a�l�o�g� �h�a�d� �a�l�r�e�a�d�y� �r�e�a�c�h�e�d� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� 

�b�y� �t�h�e� �e�a�r�l�y� �1�6�7�0�'�s�.�2�!�°� �F�l�a�m�s�t�e�e�d�,� �w�h�o� �w�a�s� �i�n�t�e�r�e�s�t�e�d� �i�n� 

�H�e�v�e�l�i�u�s�'� �c�a�t�a�l�o�g�,� �e�a�g�e�r�l�y� �a�w�a�i�t�e�d� �i�t�s� �p�u�b�l�i�c�a�t�i�o�n�,� �b�e�c�a�u�s�e� 

�T�y�c�h�o�'�s� �c�a�t�a�l�o�g�,� �w�h�i�c�h� �w�a�s� �t�h�e� �s�t�a�r� �c�a�t�a�l�o�g� �c�u�r�r�e�n�t�l�y� �b�e�i�n�g� 

�u�s�e�d�,� �c�o�n�t�a�i�n�e�d� �m�a�n�y� �e�r�r�o�r�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �h�i�s� �u�s�e� �o�f� �o�p�e�n� 

�S�i�g�h�t�s�.� �F�l�a�m�s�t�e�e�d� �c�o�n�t�e�n�d�e�d� �t�h�a�t� �i�f� �H�e�v�e�l�i�u�s� �u�s�e�d� �o�p�e�n� 

�S�i�g�h�t�s�,� �t�h�e�n�  ��i�t� �w�i�l�l� �b�e� �d�i�f�f�i�c�u�l�t� �t�o� �j�u�d�g�e� �w�h�e�t�h�e�r� �[�h�e� �a�n�d� 

�o�t�h�e�r�s�]� �o�u�g�h�t� �t�o� �m�a�k�e� �u�s�e� �o�f� �T�y�c�h�o�e�s� �C�a�t�a�l�o�g�u�e�s� �o�r� 

�[�H�e�v�e�l�i�u�s�'�]� �w�h�e�n� �t�h�e�y� �c�o�m�e� �f�o�r�t�h�.�"�?�!�1� �F�l�a�m�s�t�e�e�d� �r�e�p�e�a�t�e�d� �t�h�i�s� 

�c�o�n�c�e�r�n� �i�n� �a�n� �e�p�i�s�t�l�e� �t�o� �C�a�s�s�i�n�i� �w�h�e�r�e� �h�e� �s�t�a�t�e�d�:� 

�I� �h�e�a�r� �t�h�a�t� �t�h�e� �f�a�m�o�u�s� �J�o�h�a�n�n�e�s� �H�e�v�e�l�i�u�s� �h�a�s� 
�p�r�o�m�i�s�e�d� �[�t�o� �e�f�f�e�c�t�]� �t�h�i�s� �r�e�f�o�r�m�a�t�i�o�n�,�?�!�*� �b�u�t� 
�a�s� �h�e� �i�s� �r�e�p�o�r�t�e�d� �t�o� �m�e�a�s�u�r�e� �t�h�e� �i�n�t�e�r�v�a�l�s� 
�b�e�t�w�e�e�n� �t�h�e� �f�i�x�e�d� �s�t�a�r�s� �w�i�t�h� �o�p�e�n� �s�i�g�h�t�s� �o�n�l�y�,� 
�d�e�v�o�i�d� �o�f� �l�e�n�s�e�s�,� �m�o�u�n�t�e�d� �u�p�o�n� �h�i�s� 
�i�n�s�t�r�u�m�e�n�t�s�,� �o�n�e� �c�a�n� �e�x�p�e�c�t� �n�o� �g�r�e�a�t�e�r� 
�p�r�e�c�i�s�i�o�n� �t�h�a�n� �w�e� �f�i�n�d� �i�n� �T�y�c�h�o�,� �e�s�p�e�c�i�a�l�l�y� �a�s� 
�w�e� �k�n�o�w� �h�o�w� �h�a�r�d� �i�t� �i�s� �t�o� �l�i�n�e� �u�p� �o�p�e�n�-�s�i�g�h�t�e�d� 
�i�n�s�t�r�u�m�e�n�t�s� �o�n� �t�h�e� �f�i�x�e�d� �s�t�a�r�s� �i�n� �t�h�e� �d�a�r�k�n�e�s�s� 
�o�f� �t�h�e� �n�i�g�h�t�,� �p�a�r�t�i�c�u�l�a�r�l�y� �o�n� �t�h�e� �s�m�a�l�l�e�r� 
�s�t�a�r�s�.�2�}�3� 

�F�l�a�m�s�t�e�e�d� �d�i�d� �n�o�t� �a�p�p�e�a�r� �o�v�e�r�l�y� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �H�e�v�e�l�i�u�s�'� �u�s�e� 

�o�f� �o�p�e�n� �s�i�g�h�t�s� �a�t� �t�h�i�s� �t�i�m�e�.� �H�o�w�e�v�e�r�,� �f�o�l�l�o�w�i�n�g� �t�h�e� 
� � 

�i�m�p�a�r�t�e�d� �t�o� �J�o�h�n� �C�o�l�l�i�n�s� �(�1�6�2�5�-�1�6�8�3�)� �i�n� �a�n�o�t�h�e�r� �l�e�t�t�e�r�,� �"�I� �s�h�a�l�l� �w�r�i�t�e� 
�t�o� �[�H�e�v�e�l�i�u�s�]� �a�n�d� �i�n�f�o�r�m� �h�i�m� �c�i�v�i�l�l�y� �o�f� �h�i�s� �e�r�r�o�r�s� �m�y�s�e�l�f�"� �(�1� �A�u�g�u�s�t� 
�1�6�7�1�,� �R�i�g�a�u�d�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �2�,� �1�2�0�)�.� 
�2�1�0� �H�e�v�e�l�i�u�s�'� �s�t�a�r� �c�a�t�a�l�o�g�,� �w�h�i�c�h� �w�o�u�l�d� �e�v�e�n�t�u�a�l�l�y� �s�u�p�e�r�s�e�d�e� �T�y�c�h�o�'�s�,� 
�w�a�s� �n�o�t� �p�u�b�l�i�s�h�e�d� �u�n�t�i�l� �1�6�9�0�,� �t�h�r�e�e� �y�e�a�r�s� �a�f�t�e�r� �h�i�s� �d�e�a�t�h�.� 
�2�1�1� �F�l�a�m�s�t�e�e�d� �t�o� �O�l�d�e�n�b�u�r�g�,� �1�6� �N�o�v�e�m�b�e�r� �1�6�7�2�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� 

�C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �9� �(�1�6�7�2�-�1�6�7�3�)�,� �3�2�7�.� 
�2�1�2� �i�.�e�.�,� �c�o�n�s�t�r�u�c�t� �a� �m�o�r�e� �a�c�c�u�r�a�t�e� �s�t�a�r� �c�a�t�a�l�o�g� 
�2�1�3� �(�E�m�p�h�a�s�i�s� �m�i�n�e�)� �A�g�a�i�n�,� �t�h�e�r�e� �i�s� �a�n� �e�m�p�h�a�s�i�s� �o�n� �"�p�r�e�c�i�s�i�o�n�"� �(�s�e�e� �n�.� 
�2�0�0� �a�b�o�v�e�)�.� �5� �S�e�p�t�e�m�b�e�r� �1�6�7�3�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �1�0� 
�(�1�6�7�3�-�1�6�7�4�)�,� �1�9�4�.� 
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�p�u�b�l�i�c�a�t�i�o�n� �o�f� �H�e�v�e�l�i�u�s�'� �M�a�c�h�i�n�a� �c�o�e�l�e�s�t�i�s� �p�a�r�s� �p�r�i�o�r� �(�1�6�7�3�)�,� 

�H�e�v�e�l�i�u�s�'� �e�x�p�l�i�c�i�t� �v�i�e�w�s� �c�o�u�l�d� �n�o� �l�o�n�g�e�r� �b�e� �t�a�k�e�n� �l�i�g�h�t�l�y� �b�y� 

�t�h�o�s�e� �w�h�o� �v�i�n�d�i�c�a�t�e�d� �t�h�e� �u�s�e� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.� 

�E� �M�,� �h�i� �]� �W�i�s� �3� �A� �2� �!� �,� 

�I�n� �1�6�7�3�,� �H�e�v�e�l�i�u�s� �p�u�b�l�i�s�h�e�d� �h�i�s� �n�e�x�t� �g�r�e�a�t� �w�o�r�k� 

�e�n�t�i�t�l�e�d�,� �P�a�r�t� �I� �o�f� �t�h�e�  ��M�a�c�h�i�n�a� �C�o�e�l�e�s�t�i�s�'� �o�f� �J�o�h�a�n�n�e�s� 

�y� �L�i� �t�a�i�n�;� �-� �h�i� �|� �j�e�p�i�c�t�i� 

�}� �J� �a� �t�j� �E� �1�]� �t�]� �'� �]�  �� �L�t�}� 

�h� �h� �x� 

�S�t�a�r�s�.�?�1�4� �T�h�e� �b�u�l�k� �o�f� �t�h�e� �b�o�o�k� �d�e�t�a�i�l�e�d� �t�h�e� �v�a�r�i�o�u�s� 

�a�s�t�r�o�n�o�m�i�c�a�l� �i�n�s�t�r�u�m�e�n�t�s� �H�e�v�e�l�i�u�s� �u�s�e�d� �t�h�r�o�u�g�h�o�u�t� �h�i�s� 

�l�i�f�e�t�i�m�e�,� �i�n�c�l�u�d�i�n�g� �q�u�a�d�r�a�n�t�s�,� �s�e�x�t�a�n�t�s�,� �o�c�t�a�n�t�s�,� �a�n�d� 

�t�e�l�e�s�c�o�p�e�s�.� �H�e� �d�e�d�i�c�a�t�e�d� �t�w�o� �c�h�a�p�t�e�r�s� �(�1�4� �a�n�d� �1�5�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�)� �t�o� �h�i�s� �c�h�i�e�f� �m�e�c�h�a�n�i�c�a�l� �p�e�r�f�e�c�t�i�o�n�s�,� �i�n�c�l�u�d�i�n�g� 

�h�i�s� �s�i�g�h�t�s� �a�n�d� �t�h�e� �d�i�v�i�s�i�o�n�s� �o�f� �h�i�s� �i�n�s�t�r�u�m�e�n�t�s�,�?�!�>� �a�n�d� 

�d�e�s�c�r�i�b�e�d� �h�i�s� �g�r�e�a�t� �o�b�s�e�r�v�a�t�o�r�y�,� �"�S�t�e�l�l�a�b�u�r�g�u�m�"�,� �i�n� �t�h�e� �l�a�s�t� 

�r�e�m�a�i�n�i�n�g� �c�h�a�p�t�e�r�s� �o�f� �t�h�e� �t�e�x�t�.� �S�o�m�e� �o�f� �h�i�s� �m�o�r�e� �p�r�o�m�i�n�e�n�t� 

�m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s� �i�n�c�l�u�d�e�d�:� �a� �b�r�a�s�s� �q�u�a�d�r�a�n�t� �(�3� �f�e�e�t� �i�n� 

�r�a�d�i�u�s�)�,� �w�i�t�h� �a� �w�o�o�d�e�n� �b�a�s�e� �(�F�i�g�u�r�e� �1�2�a�)�;� �a� �b�r�a�s�s� �s�e�x�t�a�n�t� �(�3� 

�f�e�e�t� �i�n� �r�a�d�i�u�s�)�,� �w�i�t�h� �a� �w�o�o�d�e�n� �b�a�s�e�,� �r�e�q�u�i�r�i�n�g� �t�w�o� �o�b�s�e�r�v�e�r�s� 
� � 

�2�1�4� �T�r�a�n�s�l�a�t�e�d� �f�r�o�m� �t�h�e� �L�a�t�i�n� �b�y� �O�l�d�e�n�b�u�r�g� �i�n� �a� �l�e�t�t�e�r� �t�o� �C�a�s�s�i�n�i�,� �1�1� 
�S�e�p�t�e�m�b�e�r� �1�6�7�3�,� �I�b�i�d�.�,� �V�o�l�.� �1�0�,� �1�8�8�.� �T�h�i�s� �w�o�r�k� �w�a�s� �r�e�v�i�e�w�e�d� �i�n� �t�h�e� 
�P�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�,� �2�2� �D�e�c�e�m�b�e�r� �1�6�7�3�,� �V�o�l�.� 
�8�,� �n�o�.� �9�9�,� �6�1�7�1�-�6�1�7�2�.� 
�2�1�5� �B�é�z�i�a�t�,�  ��L�a� �v�i�e�,�"� �5�3�4�.� 
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�(�F�i�g�u�r�e� �1�2�b�)�;� �a� �b�r�a�s�s� �s�e�x�t�a�n�t� �(�4� �f�e�e�t� �i�n� �r�a�d�i�u�s�)�,� �w�i�t�h� �a� 

�m�o�v�i�n�g� �a�l�i�d�a�d�e�;� �a� �w�o�o�d�e�n� �q�u�a�d�r�a�n�t� �w�h�i�c�h� �r�e�s�t�e�d� �o�n� �a� �v�e�r�t�i�c�a�l� 

�a�x�i�s�,� �a�n�d� �w�a�s� �c�o�n�t�r�o�l�l�e�d� �b�y� �c�a�b�l�e�s�,� �p�u�l�l�i�e�s�,� �a�n�d� 

�c�o�u�n�t�e�r�w�e�i�g�h�t�s� �(�t�h�e�s�e� �m�a�d�e� �m�o�v�i�n�g� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �e�a�s�y�)�;� �a� 

�l�a�r�g�e� �w�o�o�d�e�n� �s�e�x�t�a�n�t� �(�6� �f�e�e�t� �i�n� �r�a�d�i�u�s�)�,� �w�h�i�c�h� �h�a�d� �s�u�p�p�o�r�t�s� 

�f�o�r� �b�o�t�h� �t�h�e� �o�b�s�e�r�v�e�r�'�s� �a�r�m�s�;� �a� �l�a�r�g�e� �w�o�o�d�e�n� �o�c�t�a�n�t� �(�8� �f�e�e�t� 

�i�n� �r�a�d�i�u�s�)�,� �w�i�t�h� �t�w�o� �d�i�s�t�i�n�c�t� �a�r�c�s� �(�m�a�k�i�n�g� �i�t�,� �i�n� �r�e�a�l�i�t�y�,� 

�t�w�o� �s�e�p�a�r�a�t�e� �i�n�s�t�r�u�m�e�n�t�s� �o�f� �t�h�e� �s�a�m�e� �r�a�d�i�u�s� �a�n�d� �i�n� �t�h�e� �s�a�m�e� 

�p�l�a�n�e�)�,� �a�n�d� �h�a�v�i�n�g� �t�w�o� �m�o�b�i�l�e� �s�i�g�h�t�s� �b�u�t� �n�o� �a�l�i�d�a�d�e�s�;� �s�e�v�e�r�a�l� 

�s�m�a�l�l�e�r� �b�r�a�s�s� �g�u�a�d�r�a�n�t�s� �o�f� �1�,� �1�1�/�2�,� �a�n�d� �2� �f�e�e�t� �r�a�d�i�i� �(�F�i�g�u�r�e� 

�1�2�c�)�;� �a� �l�a�r�g�e� �a�z�i�m�u�t�h�a�l� �q�u�a�d�r�a�n�t� �(�4� �f�e�e�t� �i�n� �r�a�d�i�u�s�)� �t�h�a�t� 

�H�e�v�e�l�i�u�s� �c�l�a�i�m�e�d� �w�a�s� �s�o� �e�a�s�y� �t�o� �u�s�e� �a�n�d� �d�e�p�e�n�d�a�b�l�e�,� �t�h�a�t� 

�a�f�t�e�r� �t�h�i�r�t�y� �y�e�a�r�s� �o�f� �u�s�e�,� �h�e� �h�a�s� �n�o�t� �b�e�e�n� �a�b�l�e� �t�o� �d�e�t�e�c�t� �a�n�y� 

�c�h�a�n�g�e�s� �(�F�i�g�u�r�e� �8�)�;� �a�n�d� �f�i�n�a�l�l�y�,� �a� �b�r�a�s�s� �s�e�x�t�a�n�t� �(�6� �f�e�e�t� �i�n� 

�r�a�d�i�u�s�)� �d�e�s�i�g�n�e�d� �t�o� �b�e� �u�s�e�d� �b�y� �t�w�o� �o�b�s�e�r�v�e�r�s� �t�o� �m�e�a�s�u�r�e� 

�c�e�r�t�a�i�n� �a�n�g�u�l�a�r� �m�e�a�s�u�r�e�m�e�n�t�s� �b�e�t�w�e�e�n� �s�t�a�r�s� �(�e�a�c�h� �o�b�s�e�r�v�e�r� 

�w�o�u�l�d� �f�i�n�d� �o�n�e� �o�f� �t�h�e� �t�w�o� �s�t�a�r�s�)� �(�F�i�g�u�r�e� �1�2�d�)� �.�2�1�6� 

�H�e�v�e�l�i�u�s�'� �t�e�l�e�s�c�o�p�e�s� �w�e�r�e� �a�s� �g�r�a�n�d� �a�s� �h�i�s� �m�e�a�s�u�r�i�n�g� 

�i�n�s�t�r�u�m�e�n�t�s�.� �H�i�s� �o�b�j�e�c�t�i�v�e� �w�h�e�n� �c�o�n�s�t�r�u�c�t�i�n�g� �h�i�s� �o�w�n� 

�t�e�l�e�s�c�o�p�e�s� �w�a�s� �t�o� �s�i�m�p�l�i�f�y� �p�r�e�v�i�o�u�s� �t�e�l�e�s�c�o�p�e�s� �w�h�i�c�h� �h�e� 

�c�o�n�s�i�d�e�r�e�d� �c�u�m�b�e�r�s�o�m�e� �a�n�d� �u�n�w�i�e�l�d�y�.�?�! �� �H�i�s� �l�a�r�g�e�s�t� �t�e�l�e�s�c�o�p�e� 

�(�d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �M�a�c�h�i�n�a� �c�o�e�l�e�s�t�i�s�)� �w�a�s� �1�5�0� �f�e�e�t� �i�n� �l�e�n�g�t�h� 
� � 

�2�1�6� �J�e�a�n� �B�a�p�t�i�s�t�e� �D�e�l�a�m�b�r�e�,� �H�i�s�t�o�i�r�e� �d�e� �l�'�A�s�t�r�o�n�o�m�i�e� �M�o�d�e�r�n�e�,� �V�o�l�.� �2�,� 
�T�h�e� �S�o�u�r�c�e�s� �o�f� �S�c�i�e�n�c�e� �S�e�r�i�e�s�,� �e�d�.� �H�a�r�r�y� �W�o�o�l�f�,� �n�o�.� �2�5� �(�N�e�w� �Y�o�r�k�:� 
�J�o�h�n�s�o�n� �R�e�p�r�i�n�t� �C�o�r�p�o�r�a�t�i�o�n�,� �1�9�6�9�)�,� �4�5�9�-�4�6�0�.� �S�e�e� �a�l�s�o� �V�o�l�k�o�f�f� �e�t� �a�l�,� 
�H�e�v�e�l�i�u�s�,� �2�4�,� �2�8�.� 
�2�1�7�  ¬�,� �L�e�e�s�o�n� �P�r�i�n�c�e�,� �T�h�e� �I�l�l�u�s�t�r�a�t�e�d� �A�c�c�o�u�n�t� �g�i�v�e�n� �b�y� �H�e�v�e�l�i�u�s� �i�n� �h�i�s� 
�"�M�a�c�h�i�n�a� �C�o�e�l�e�s�t�i�s�'� �o�f� �t�h�e� �M�e�t�h�o�d� �o�f� �M�o�u�n�t�i�n�g� �h�i�s� �T�e�l�e�s�c�o�p�e�s� �a�n�d� 

�E�r�e�c�t�i�n�g� �a�n� �O�b�s�e�r�v�a�t�o�r�y� �(�L�e�w�e�s�,� �E�n�g�l�a�n�d�:� �S�u�s�s�e�x� �A�d�v�e�r�t�i�s�e�r�,� �1�8�8�2�)�,� �4�0�.� 

�6�6



�(�F�i�g�u�r�e� �1�)�.� �I�t� �w�a�s� �s�u�s�p�e�n�d�e�d� �o�n� �a� �9�0�-�f�o�o�t� �m�a�s�t� �w�h�i�c�h� �w�a�s� 

�d�e�e�p�l�y� �s�e�t� �i�n�t�o� �t�h�e� �g�r�o�u�n�d� �a�n�d� �h�e�l�d� �d�o�w�n� �b�y� �f�o�u�r� �l�a�r�g�e� �c�a�b�l�e�s� 

�w�h�i�c�h� �w�o�u�l�d� �p�r�o�t�e�c�t� �i�t� �d�u�r�i�n�g� �a� �s�t�o�r�m�.�?�!�8� �T�h�e� �t�e�l�e�s�c�o�p�e�'�s� 

�t�u�b�e� �w�a�s� �s�e�c�t�i�o�n�a�l�,� �a�n�d� �t�h�e� �e�n�t�i�r�e� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �c�o�n�t�r�o�l�l�e�d� 

�b�y� �a� �s�y�s�t�e�m� �o�f� �r�o�p�e�s� �a�n�d� �p�u�l�l�i�e�s�,�?�!�2� �i�n� �m�u�c�h� �t�h�e� �s�a�m�e� �w�a�y� �a�s� 

�h�e� �c�o�n�t�r�o�l�l�e�d� �h�i�s� �m�e�a�s�u�r�i�n�g� �i�n�s�t�r�u�m�e�n�t�s�.� �T�h�e�r�e� �w�e�r�e� �s�e�v�e�r�a�l� 

�p�r�o�b�l�e�m�s� �w�i�t�h� �t�h�i�s� �i�n�s�t�r�u�m�e�n�t� �t�h�a�t� �m�a�d�e� �i�t� �i�m�p�r�a�c�t�i�c�a�l�.� 

�F�i�r�s�t�,� �o�n�e� �c�o�u�l�d� �o�n�l�y� �o�b�s�e�r�v�e� �o�n� �t�h�e� �b�e�s�t� �n�i�g�h�t�s� �s�i�n�c�e� �t�h�e� 

�s�l�i�g�h�t�e�s�t� �b�r�e�e�z�e� �c�a�u�s�e�d� �t�h�e� �w�h�o�l�e� �a�p�p�a�r�a�t�u�s� �t�o�.� �s�h�a�k�e�.� 

�S�e�c�o�n�d�,� �s�i�n�c�e� �t�h�e� �p�l�a�n�k�s� �w�h�i�c�h� �s�u�p�p�o�r�t�e�d� �t�h�e� �s�e�c�t�i�o�n�a�l� �t�u�b�e�s� 

�w�e�r�e� �m�a�d�e� �o�f� �w�o�o�d�,� �t�h�e�y� �w�e�r�e� �s�u�b�j�e�c�t� �t�o� �b�e�n�d�i�n�g� �o�r� �w�a�r�p�i�n�g�.� 

�F�i�n�a�l�l�y�,� �b�e�c�a�u�s�e� �t�h�e� �t�e�l�e�s�c�o�p�e� �w�a�s� �s�o� �l�o�n�g�,� �H�e�v�e�l�i�u�s� �f�o�u�n�d� �i�t� 

�d�i�f�f�i�c�u�l�t� �t�o� �c�o�n�s�t�a�n�t�l�y� �a�l�i�g�n� �t�h�e� �l�e�n�s�e�s�.� �B�e�c�a�u�s�e� �o�f� �t�h�e�s�e� 

�i�m�p�r�a�c�t�i�c�a�l�i�t�i�e�s�,� �H�e�v�e�l�i�u�s� �r�a�r�e�l�y� �u�s�e�d� �t�h�i�s� �p�a�r�t�i�c�u�l�a�r� 

�t�e�l�e�s�c�o�p�e�.� �2�2�°� 

�O�f� �p�r�i�n�c�i�p�l�e� �c�o�n�c�e�r�n� �t�o� �t�h�e� �a�d�h�e�r�e�n�t�s� �o�f� �t�e�l�e�s�c�o�p�i�c� 

�S�i�g�h�t�s�,� �w�a�s� �H�e�v�e�l�i�u�s�'�t� �c�h�a�p�t�e�r� �o�n� �o�p�e�n� �s�i�g�h�t�s� �i�n� �w�h�i�c�h� 

�H�e�v�e�l�i�u�s� �e�x�p�l�i�c�a�t�e�d� �h�i�s� �r�e�a�s�o�n�s� �f�o�r� �u�s�i�n�g� �o�p�e�n� �s�i�g�h�t�s�,� �a�n�d� 

�h�i�s� �d�i�s�r�e�g�a�r�d� �f�o�r� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �a�n�d� �l�e�n�s�e�s�.� �H�e� �s�t�r�e�s�s�e�d� 

�s�e�v�e�r�a�l� �s�p�e�c�i�f�i�c� �r�e�a�s�o�n�s� �f�o�r� �n�o�t� �u�s�i�n�g� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� 

�(�l�e�n�s�e�s�)� �.�2�2�1� �F�i�r�s�t�,� �h�e� �a�r�g�u�e�d� �t�h�a�t� �l�e�n�s�e�s� �c�a�n�n�o�t� �b�e� 

� � 

�2�1�8� �T�h�i�d�.�,� �5�0� 
�2�1�9� �K�i�n�g�,� �H�i�s�t�o�r�y�,� �5�1�-�5�2�.� 
�2�2�0� �T�b�i�d�.�,� �5�3�.� 
�2�2�1� �a�l�l� �h�i�s� �a�r�g�u�m�e�n�t�s� �a�r�e� �l�i�s�t�e�d� �b�e�t�w�e�e�n� �p�a�g�e�s� �2�9�3�-�3�0�0�,� �b�u�t� �e�s�p�e�c�i�a�l�l�y� 
�2�9�6� �(�C�h�a�p�t�e�r� �1�4�:� �"�D�e� �I�n�s�t�r�u�m�e�n�t�o�r�u�m� �P�i�n�n�a�c�i�d�i�i�s�,� �s�i�v�e� �D�i�o�p�t�r�i�s�"�,� �M�a�c�h�i�n�a� 
�c�o�e�l�e�s�t�i�s� �p�a�r�s� �p�r�i�o�r�,� �G�e�d�a�n�i�,� �1�6�7�3�)�.� �S�e�e� �a�l�s�o� �B�é�z�i�a�t�,� �"�L�a� �v�i�e�,�"� �6�1�1�-� 
�6�1�2�;� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g�,� �3�8�;� �a�n�d� �K�i�n�g�,� �H�i�s�t�o�r�y�,� �1�0�0�.� 

�6�7



�m�a�i�n�t�a�i�n�e�d� �i�n� �t�h�e� �s�a�m�e� �p�o�s�i�t�i�o�n�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �a�n� �o�b�s�e�r�v�e�r� 

�c�o�u�l�d� �n�o�t� �a�c�q�u�i�r�e� �t�h�e� �s�a�m�e� �e�x�a�c�t� �m�e�a�s�u�r�e�m�e�n�t�s� �e�a�c�h� �t�i�m�e� �h�e� 

�u�s�e�d� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �w�i�t�h� �h�i�s� �o�p�e�n� 

�S�i�g�h�t�s� �h�e� �c�a�n� �r�e�p�e�a�t� �t�h�e� �s�a�m�e� �o�b�s�e�r�v�a�t�i�o�n� �w�i�t�h� �e�q�u�a�l� 

�p�r�e�c�i�s�i�o�n� �e�a�c�h� �t�i�m�e� �b�e�c�a�u�s�e� �h�e� �d�i�d� �n�o�t� �h�a�v�e� �t�o� �w�o�r�r�y� �a�b�o�u�t� 

�s�h�i�f�t�i�n�g� �t�e�l�e�s�c�o�p�e�s� �c�a�u�s�e�d� �b�y� �t�h�e�i�r� �l�a�c�k� �o�f� �b�e�i�n�g� �"�f�i�r�m�l�y� 

�f�i�x�e�d�.�"�*�2�2�,� �B�e�s�i�d�e�s�,� �l�e�n�s�e�s� �c�o�u�l�d� �e�a�s�i�l�y� �b�r�e�a�k�,� �e�s�p�e�c�i�a�l�l�y� �i�n� 

�c�o�l�d� �w�e�a�t�h�e�r�.� �F�u�r�t�h�e�r�m�o�r�e�,� �w�i�n�t�e�r� �w�e�a�t�h�e�r� �c�o�u�l�d� �f�o�g� �u�p� �o�r� 

�d�u�l�l� �l�e�n�s�e�s� �w�h�e�n� �t�h�e� �b�r�e�a�t�h� �o�f� �a�n� �o�b�s�e�r�v�e�r� �c�a�m�e� �i�n�t�o� �c�o�n�t�a�c�t� 

�w�i�t�h� �t�h�e�m�.�?�2�3� �A�s� �a� �r�e�s�u�l�t�,� �t�h�e� �l�e�n�s�e�s� �n�e�e�d�e�d� �t�o� �b�e� �f�r�e�q�u�e�n�t�l�y� 

�r�e�m�o�v�e�d� �a�n�d� �c�l�e�a�n�e�d� �(�w�h�i�c�h�,� �u�n�d�o�u�b�t�e�d�l�y�,� �i�n�t�e�r�r�u�p�t�e�d� �t�h�e� 

�o�b�s�e�r�v�e�r� �f�r�o�m� �h�i�s� �w�o�r�k�)�.� 

�H�e�v�e�l�i�u�s� �l�e�v�e�l�e�d� �o�b�j�e�c�t�i�o�n�s�,� �n�o�t� �o�n�l�y� �a�g�a�i�n�s�t� �l�e�n�s�e�s�,� 

�b�u�t� �a�l�s�o� �c�r�o�s�s�-�h�a�i�r�s� �w�h�i�c�h� �w�e�r�e� �u�s�u�a�l�l�y� �a�f�f�i�x�e�d� �t�o� �t�e�l�e�s�c�o�p�i�c� 

�s�i�g�h�t�s� �u�s�e�d� �f�o�r� �m�e�a�s�u�r�e�m�e�n�t�.� �E�s�s�e�n�t�i�a�l�l�y�,� �h�e� �u�s�e�d� �t�h�e� �s�a�m�e� 

�a�r�g�u�m�e�n�t�s� �f�o�r� �c�r�o�s�s�-�h�a�i�r�s� �t�h�a�t� �h�e� �h�a�d� �u�s�e�d� �f�o�r� �l�e�n�s�e�s�,� 

�n�a�m�e�l�y�,� �t�h�a�t� �c�r�o�s�s�-�~�h�a�i�r�s� �c�o�u�l�d� �e�a�s�i�l�y� �b�r�e�a�k� �o�r� �b�e�c�o�m�e� 

�d�i�s�a�r�r�a�n�g�e�d�,� �a�n�d� �i�t� �w�a�s� �t�e�d�i�o�u�s� �t�o� �c�o�n�s�t�a�n�t�l�y� �r�e�p�a�i�r� �t�h�e�m�.� 

�H�e� �t�h�e�r�e�f�o�r�e� �v�i�e�w�e�d� �t�h�e�m� �a�s� �c�o�n�t�r�a�p�t�i�o�n�s� �t�h�a�t� �g�e�t� �i�n� �t�h�e� �w�a�y� 

�o�f� �a�n� �o�b�s�e�r�v�e�r� �a�n�d� �h�i�s� �p�r�i�m�a�r�y� �i�n�s�t�r�u�m�e�n�t�s�.�?�2�%� �I�n� �t�h�i�s� 

�r�e�s�p�e�c�t�,� �H�e�v�e�l�i�u�s� �a�l�s�o� �a�r�g�u�e�d� �t�h�a�t� �c�r�o�s�s�-�h�a�i�r�s� �(�t�h�e�i�r� 

�i�n�t�e�r�s�e�c�t�i�o�n�)� �h�a�v�e� �a� �t�e�n�d�e�n�c�y� �t�o� �c�o�n�c�e�a�l� �s�m�a�l�l� �s�t�a�r�s� �s�o� �t�h�a�t� 

�a�n� �o�b�s�e�r�v�e�r� �h�a�s� �d�i�f�f�i�c�u�l�t�y� �d�i�s�t�i�n�g�u�i�s�h�i�n�g� �t�h�e�m�.� �O�n�e� �f�i�n�a�l� 
� � 

�2�2�2� �H�e�v�e�l�i�u�s� �h�a�d� �p�r�e�v�i�o�u�s�l�y� �s�t�r�e�s�s�e�d� �t�h�i�s� �o�b�j�e�c�t�i�o�n� �t�o� �O�l�d�e�n�b�u�r�g� �(�s�e�e� 
�t�e�x�t� �m�a�r�k�e�d� �b�y� �n�.� �1�9�4�)�.� 

�2�2�3� �a�g�a�i�n�,� �h�e� �m�e�n�t�i�o�n�e�d� �t�h�i�s� �i�n� �a� �l�e�t�t�e�r� �t�o� �O�l�d�e�n�b�u�r�g� �(�s�e�e� �n�.� �2�0�2�)�.� 
�2�2�4� �H�e�v�e�l�i�u�s� �c�o�u�l�d� �n�o�t� �t�o�l�e�r�a�t�e� �a�n�y�t�h�i�n�g� �c�o�m�i�n�g� �b�e�t�w�e�e�n� �h�i�s� �e�y�e�s� �a�n�d� �t�h�e� 
�c�e�l�e�s�t�i�a�l� �o�b�j�e�c�t�s� �h�e� �m�e�a�s�u�r�e�d�.� 
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�o�b�j�e�c�t�i�o�n� �H�e�v�e�l�i�u�s� �r�a�i�s�e�d�,� �d�e�a�l�t� �w�i�t�h� �t�h�e� �s�p�e�c�i�f�i�c� �p�o�s�i�t�i�o�n� 

�o�f� �t�h�e� �c�r�o�s�s�-�h�a�i�r�s�.� �A�l�t�h�o�u�g�h� �H�e�v�e�l�i�u�s� �n�e�v�e�r� �d�o�u�b�t�e�d� �t�h�a�t� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �h�e�l�p�e�d� �o�n�e� �s�e�e� �m�o�r�e� �d�i�s�t�i�n�c�t�l�y�,� �c�r�o�s�s�-�h�a�i�r�s� 

�c�a�u�s�e�d� �i�n�a�c�c�u�r�a�c�i�e�s� �b�e�c�a�u�s�e� �o�f� �t�h�e�i�r� �c�l�o�s�e� �p�r�o�x�i�m�i�t�y� �t�o� �t�h�e� 

�o�b�s�e�r�v�e�r�'�s� �e�y�e�s� �(�a� �f�e�w� �i�n�c�h�e�s�)�.� �T�h�e�r�e�f�o�r�e�,� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� 

�w�e�r�e� �l�e�s�s� �e�f�f�e�c�t�i�v�e� �t�h�a�n� �o�p�e�n� �s�i�g�h�t�s� �i�n� �w�h�i�c�h� �t�h�e� �s�i�g�h�t�s� 

�t�h�e�m�s�e�l�v�e�s� �w�e�r�e� �s�i�x�,� �o�r� �e�v�e�n� �e�i�g�h�t� �f�e�e�t� �f�r�o�m� �t�h�e� �e�y�e�s�.� 

�H�e�v�e�l�i�u�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�e� �p�r�o�x�i�m�i�t�y� �b�e�t�w�e�e�n� �t�h�e� �e�y�e� �a�n�d� 

�c�r�o�s�s�~�-�h�a�i�r�s� �i�n� �t�e�l�e�s�c�o�p�i�c� �l�e�n�s�e�s� �c�o�u�l�d� �n�o�t� �e�n�s�u�r�e� �a�n� �a�c�c�u�r�a�t�e� 

�l�i�n�e� �o�f� �c�o�l�l�i�m�a�t�i�o�n�.� �?�2�°� �A�l�t�h�o�u�g�h� �H�e�v�e�l�i�u�s� �t�o�o�k� �a�l�l� �h�i�s� 

�o�b�j�e�c�t�i�o�n�s� �s�e�r�i�o�u�s�l�y�,� �s�o�m�e� �w�e�r�e� �e�a�s�i�l�y� �r�e�f�u�t�e�d�.� �?�2�6� 

�W�i�t�h� �t�h�e� �p�u�b�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �M�a�c�h�i�n�a� �c�o�e�l�e�s�t�i�s� �p�a�r�s� 

�p�r�i�o�r�,� �t�h�e� �c�o�n�t�r�o�v�e�r�s�y� �b�e�c�a�m�e� �a� �p�e�r�s�o�n�a�l� �b�a�t�t�l�e�g�r�o�u�n�d�.� 

�H�e�v�e�l�i�u�s�,� �i�n� �l�i�s�t�i�n�g� �h�i�s� �f�a�v�o�r�i�t�e� �s�a�v�a�n�t�s� �i�n� �t�h�e� �t�e�x�t�,� �f�a�i�l�e�d� 

�t�o� �m�e�n�t�i�o�n� �H�o�o�k�e�'�s� �n�a�m�e�,�2�? ��?� �n�o�r� �d�i�d� �h�e� �s�e�n�d� �H�o�o�k�e� �a� �c�o�p�y� �o�f� 

�t�h�e� �b�o�o�k�.�?�2�8� �T�h�e� �n�a�t�u�r�e� �o�f� �H�e�v�e�l�i�u�s�'� �a�r�g�u�m�e�n�t�s�,� �c�o�u�p�l�e�d� �w�i�t�h� 

�t�h�e�s�e� �p�e�r�s�o�n�a�l� �s�l�i�g�h�t�s� �a�g�a�i�n�s�t� �H�o�o�k�e�,� �w�e�r�e� �e�n�o�u�g�h� �t�o� �p�r�o�m�p�t� 

�H�o�o�k�e� �t�o� �r�e�t�a�l�i�a�t�e�.� 

� � 

�2�2�5� �S�e�e� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g�,� �3�8�.� �A� �l�i�n�e� �o�f� �c�o�l�l�i�m�a�t�i�o�n� �(�p�e�r�f�e�c�t� 
�a�l�i�g�n�m�e�n�t�)�  ��w�a�s� �o�b�t�a�i�n�e�d� �w�h�e�n� �t�h�e� �t�w�o� �o�r� �m�o�r�e� �c�r�o�s�s�-�h�a�i�r�s� �i�n� �t�h�e� �f�o�c�a�l� 
�p�l�a�n�e� �o�f� �t�h�e� �e�y�e�l�e�n�s�e�s� �e�x�a�c�t�l�y� �f�i�t�t�e�d� �o�v�e�r� �t�h�o�s�e� �i�n� �t�h�e� �f�o�c�u�s� �o�f� �t�h�e� 
�o�b�j�e�c�t� �g�l�a�s�s�e�s�"� �(�A�l�l�e�n�,� �"�P�r�o�b�l�e�m�s�,�"� �3�0�9�)�.� 
�2�2�6� �H�o�o�k�e�,� �F�l�a�m�s�t�e�e�d�,� �a�n�d� �M�o�l�y�n�e�u�x� �e�v�e�n�t�u�a�l�l�y� �r�e�f�u�t�e�d� �t�h�e�s�e� �o�b�j�e�c�t�i�o�n�s�.� 
�2�2�7� �B�é�z�i�a�t�,�  ��L�a� �v�i�e�,�"� �6�1�3�-�6�1�4�.� 
�2�2�8� �H�e�v�e�l�i�u�s� �t�o� �O�l�d�e�n�b�u�r�g�,� �1�3� �A�u�g�u�s�t� �1�6�7�3�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� 
�C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �1�0�,� �1�4�2�.� �S�e�e� �a�l�s�o� �J�.�A�.� �S�c�o�t�t�,� �T�h�e� �M�a�t�h�e�m�a�t�i�c�a�l� 

�W�o�r�k�s� �o�f� �J�o�h�n� �W�a�l�l�i�s�,� �D�.�D�,�,� �F�.�R�.�S�,� �(�1�6�1�6�-�1�7�0�3�)�,� �2�n�d� �e�d�.� �(�N�e�w� �Y�o�r�k�:� 

�C�h�e�l�s�e�a� �P�u�b�l�i�s�h�i�n�g� �C�o�m�p�a�n�y�,� �1�9�8�1�)�,� �1�2�7�.� �O�l�d�e�n�b�u�r�g� �d�i�s�t�r�i�b�u�t�e�d� �t�h�e� 
�c�o�p�i�e�s� �H�e�v�e�l�i�u�s� �s�e�n�t� �h�i�m� �o�n� �N�o�v�e�m�b�e�r� �2�0�,� �1�6�7�3� �(�B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �V�o�l�.� �3�,� 
�1�1�0�)�.� 
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�H�o�o�k�e� �b�e�g�a�n� �h�i�s� �v�i�n�d�i�c�a�t�i�o�n� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �b�y� 

�c�a�r�r�y�i�n�g� �o�u�t� �e�x�p�e�r�i�m�e�n�t�s� �d�u�r�i�n�g� �m�e�e�t�i�n�g�s� �o�f� �t�h�e� �R�o�y�a�l� 

�S�o�c�i�e�t�y�,� �w�h�e�r�e� �h�e� �c�o�u�l�d� �c�o�n�v�i�n�c�e� �o�t�h�e�r�s� �t�o� �c�o�m�p�l�y� �w�i�t�h� �h�i�s� 

�v�i�e�w�s�.� �O�n� �J�a�n�u�a�r�y� �1�5�,� �1�6�7�4�,� �h�e� �p�e�r�f�o�r�m�e�d� �a�n� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� 

�a� �r�u�l�e�r� �"�t�o� �s�h�e�w�,� �t�h�a�t� �[�o�n�e�]� �c�a�n�n�o�t� �b�y� �t�h�e� �n�a�k�e�d� �e�y�e� �m�a�k�e� �a�n�y� 

�a�s�t�r�o�n�o�m�i�c�a�l� �o�r� �o�t�h�e�r� �o�b�s�e�r�v�a�t�i�o�n� �t�o� �a� �g�r�e�a�t�e�r� �e�x�a�c�t�n�e�s�s� �t�h�a�n� 

�t�h�a�t� �o�f� �a� �m�i�n�u�t�e�,� �b�y� �r�e�a�s�o�n�,� �t�h�a�t� �w�h�a�t�e�v�e�r� �o�b�j�e�c�t� �a�p�p�e�a�r�s� 

�u�n�d�e�r� �a� �l�e�s�s� �a�n�g�l�e�,� �i�s� �n�o�t� �d�i�s�t�i�n�g�u�i�s�h�a�b�l�e� �b�y� �t�h�e� �n�a�k�e�d� 

�e�y�e�,�"�2�2�9� �a�n�d� �h�e� �r�e�p�e�a�t�e�d� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �a� �w�e�e�k� �l�a�t�e�r�.�?�3�°� �F�o�r� 

�h�i�s� �p�a�r�t�,� �H�e�v�e�l�i�u�s� �m�a�r�s�h�a�l�e�d� �f�u�r�t�h�e�r� �a�r�g�u�m�e�n�t�s� �a�g�a�i�n�s�t� �t�h�e� 

�u�s�e� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.� �H�e� �c�o�n�t�e�n�d�e�d� �t�h�a�t� �l�a�r�g�e� 

�i�n�s�t�r�u�m�e�n�t�s�,� �s�u�c�h� �a�s� �q�u�a�d�r�a�n�t�s� �a�n�d� �s�e�x�t�a�n�t�s�,� �c�a�n�n�o�t� �b�e� 

�s�h�i�f�t�e�d� �o�r� �i�n�v�e�r�t�e�d� �s�o� �a�s� �t�o� �t�e�s�t� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �a�n�d� 

�b�e�s�i�d�e�s�,� �n�o� �o�n�e� �h�a�d� �p�r�o�v�e�d� �t�o� �h�i�m� �t�h�a�t� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �w�e�r�e� 

�u�s�e�f�u�l� �f�o�r� �o�b�s�e�r�v�a�t�i�o�n�.� �H�e�v�e�l�i�u�s� �a�l�s�o� �a�r�g�u�e�d�,� �f�o�r� �t�h�e� �f�i�r�s�t� 

�t�i�m�e�,� �h�o�w� �o�n�e� �w�i�t�h� �g�o�o�d� �e�y�e�s�i�g�h�t� �a�n�d� �e�x�p�e�r�i�e�n�c�e� �c�a�n� �o�b�s�e�r�v�e� 

�w�i�t�h� �t�h�e� �s�a�m�e� �a�c�c�u�r�a�c�y� �a�s� �a�n�o�t�h�e�r� �u�s�i�n�g� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.� 

�F�i�n�a�l�l�y�,� �h�e� �r�e�s�t�a�t�e�d� �h�i�s� �a�r�g�u�m�e�n�t� �f�o�r� �t�h�e� �r�e�p�e�a�t�a�b�i�l�i�t�y� �o�f� 

�o�b�s�e�r�v�a�t�i�o�n�s�,� �a� �p�r�o�c�e�d�u�r�e� �w�h�i�c�h� �w�a�s� �i�m�p�o�s�s�i�b�l�e� �t�o� �c�a�r�r�y� �o�u�t� 

�u�s�i�n�g� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.�?�?�!� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �a�r�g�u�m�e�n�t�s� �s�p�e�c�i�f�i�c�a�l�l�y� �a�g�a�i�n�s�t� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �H�e�v�e�l�i�u�s� �a�l�s�o� �a�r�g�u�e�d� �h�o�w� �o�t�h�e�r� �a�s�t�r�o�n�o�m�e�r�s� 
� � 

�2�2�9� �B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �V�o�l�.� �3�,� �1�2�0�.� �A�l�s�o� �i�n� �R�.� �T�.� �G�u�n�t�h�e�r�,� �e�d�.�,� �E�a�r�l�y� 
�S�c�i�e�n�c�e� �i�n� �O�x�f�o�r�d�,� �V�o�l�.� �7�,� �T�h�e� �L�i�f�e� �a�n�d� �W�o�r�k� �o�f� �R�o�b�e�r�t� �H�o�o�k�e� �(�P�a�r�t� �I�I�)�,� 
�b�y� �R�o�b�e�r�t� �H�o�o�k�e�,� �(�L�o�n�d�o�n�:� �D�a�w�s�o�n�s� �o�f� �P�a�l�l� �M�a�l�l�,� �1�9�3�0�;� �r�e�p�r�i�n�t�,� 
�W�i�n�c�h�e�s�t�e�r�:� �W�a�r�r�e�n� �a�n�d� �S�o�n� �L�i�m�i�t�e�d�,� �1�9�6�8�)�,� �4�1�6�.� 

�2�3�0� �2�2� �J�a�n�u�a�r�y� �1�6�7�4�,� �B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �1�2�1�.� �A�l�s�o� �i�n� �G�u�n�t�h�e�r�,� �E�a�r�l�y�,� �V�o�l�.� 
�7�,� �4�1�7�.� 
�2�3�1� �2�1�6� �M�a�r�c�h� �1�6�7�4�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �1�0�,� �5�2�0�-�5�2�2�.� 
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�(�i�n�c�l�u�d�i�n�g� �F�l�a�m�s�t�e�e�d�)�  ��h�a�v�e� �a�l�r�e�a�d�y� �p�r�o�n�o�u�n�c�e�d� �t�h�e�i�r� �v�e�r�d�i�c�t� 

�o�n� �[�h�i�s�]� �o�b�s�e�r�v�a�t�i�o�n�s� �b�e�f�o�r�e� �t�h�e�y� �h�a�v�e� �s�e�e�n� �t�h�e�m�,� �e�x�a�m�i�n�e�d� 

�t�h�e�m� �o�r� �k�n�o�w�n� �a�n�y�t�h�i�n�g� �a�t� �a�l�l� �o�f� �t�h�e�m�.�"�2�3�2� �H�e�v�e�l�i�u�s� �a�s�k�e�d� �h�i�s� 

�c�r�i�t�i�c�s� �t�o� �a�t� �l�e�a�s�t� �"�s�u�s�p�e�n�d� �j�u�d�g�m�e�n�t�"� �u�n�t�i�l� �a�f�t�e�r� �t�h�e�y� �h�a�d� 

�g�a�i�n�e�d� �t�h�e� �n�e�c�e�s�s�a�r�y� �e�x�p�e�r�i�e�n�c�e� �a�c�q�u�i�r�e�d� �o�n�l�y� �t�h�r�o�u�g�h� �y�e�a�r�s� 

�o�f� �o�b�s�e�r�v�a�t�i�o�n�;� �o�n�l�y� �t�h�e�n� �c�o�u�l�d� �t�h�e�y� �s�u�f�f�i�c�i�e�n�t�l�y� �a�d�d�r�e�s�s� 

�t�h�e�s�e� �i�s�s�u�e�s�.�?�3�3� �A�n�d�,� �h�e� �p�o�i�n�t�e�d� �o�u�t�,� �i�t� �i�s� �o�n�l�y� �f�a�i�r� �t�h�a�t� 

�o�n�e� �o�f� �t�h�e� �a�d�h�e�r�e�n�t�s� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �c�o�n�s�t�r�u�c�t� �a� 

�c�o�m�p�l�e�t�e� �s�t�a�r� �c�a�t�a�l�o�g� �u�s�i�n�g� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �a�l�o�n�e�,� �s�o� �t�h�a�t� 

�i�t� �c�o�u�l�d� �b�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �o�n�e� �i�n� �w�h�i�c�h� �o�p�e�n� �s�i�g�h�t�s� �h�a�d� �b�e�e�n� 

�u�s�e�d�.� �H�e�v�e�l�i�u�s� �w�a�s� �c�e�r�t�a�i�n� �t�h�a�t� �n�o� �o�n�e� �w�a�n�t�e�d� �t�o� �c�a�r�r�y� �o�u�t� 

�t�h�i�s� �t�a�s�k�,� �a�n�d� �t�h�a�t� �i�n�d�i�v�i�d�u�a�l�s� �t�h�e� �l�i�k�e�s� �o�f� �H�o�o�k�e� �w�e�r�e� 

�d�e�l�u�d�i�n�g� �t�h�e�m�s�e�l�v�e�s� �w�i�t�h� �t�h�e� �n�o�t�i�o�n� �t�h�a�t� �i�t� �w�a�s� �e�n�o�u�g�h� �t�o� 

�a�s�s�e�s�s� �o�n�e�'�s� �a�c�c�u�r�a�c�y� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �a� �h�a�n�d�f�u�l� �o�f� �t�e�l�e�s�c�o�p�i�c� 

�o�b�s�e�r�v�a�t�i�o�n�s�.� �?�3�4� 

�H�o�o�k�e� �r�e�t�o�r�t�e�d� �f�o�r�c�e�f�u�l�l�y� �w�i�t�h� �h�i�s�,� �A�n�i�m�a�d�v�e�r�s�i�o�n�s� �o�n� 

�l�e�a�r�n�e�d�,� �a�n�d� �d�e�s�e�r�v�e�d�l�y� �f�a�m�o�u�s� �a�s�t�r�o�n�o�m�e�r� �J�o�h�a�n�n�e�s� 

�H�e�v�e�l�i�u�s�.�2�3�5� �T�h�e�r�e� �a�r�e� �t�w�o� �d�i�s�t�i�n�c�t� �t�h�e�m�e�s� �i�n� �t�h�e� �t�e�x�t� �-�-� 

�H�o�o�k�e�'�s� �v�i�n�d�i�c�a�t�i�o�n� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �a�n�d� �h�i�s� �d�e�s�c�r�i�p�t�i�o�n� 

� � 

�2�3�2� �I�b�i�d�.�,� �5�2�1�.� 
�2�3�3� �H�e�v�e�l�i�u�s� �t�r�i�e�d� �t�o� �d�r�a�w� �a�t�t�e�n�t�i�o�n� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �H�o�o�k�e� �w�a�s� �n�o�t�,� �b�y� 
�p�r�o�f�e�s�s�i�o�n�,� �a�n� �a�s�t�r�o�n�o�m�e�r�,� �n�o�r� �h�a�d� �h�e� �c�a�r�r�i�e�d� �o�u�t� �l�o�n�g�,� �c�o�n�s�i�s�t�e�n�t� 
�o�b�s�e�r�v�a�t�i�o�n�s�.� 
�2�3�4� �T�h�i�s� �l�e�t�t�e�r� �w�a�s� �r�e�a�d� �d�u�r�i�n�g� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �m�e�e�t�i�n�g� �o�n� �A�p�r�i�l� �2�3�,� 
�1�6�7�4� �(�B�i�r�c�h�,� �V�o�l�.� �3�,� �1�3�3�)�.� �A�l�s�o� �i�n� �G�u�n�t�h�e�r�,� �V�o�l�.� �7�,� �4�2�1�.� �D�u�r�i�n�g� �t�h�e� 
�s�a�m�e� �m�e�e�t�i�n�g�,� �H�o�o�k�e� �p�r�o�d�u�c�e�d� �a� �q�u�a�d�r�a�n�t� �w�i�t�h� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �"�w�h�e�r�e�i�n� 
�a�p�p�e�a�r�e�d� �t�h�e� �p�r�e�-�e�m�i�n�e�n�c�e� �o�f� �s�u�c�h� �s�i�g�h�t�s� �a�b�o�v�e� �t�h�e� �c�o�m�m�o�n� �d�i�o�p�t�r�a�'�s�.�"� 
�(�I�b�i�d�.�)� 

�2�3�5� �H�o�o�k�e� �r�e�a�d� �t�h�i�s� �w�o�r�k� �t�o� �m�e�m�b�e�r�s� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �o�n� �D�e�c�e�m�b�e�r� �1�1�,� 
�1�6�7�3�,� �a�l�t�h�o�u�g�h� �i�t� �w�a�s� �n�o�t� �p�u�b�l�i�s�h�e�d� �u�n�t�i�l� �1�6�7�4�.� 
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�o�f� �a�n� �e�q�u�a�t�o�r�i�a�l� �q�u�a�d�r�a�n�t� �a�n�d� �i�t�s� �g�r�a�d�u�a�t�i�o�n� �i�n�t�o� �d�e�g�r�e�e�s� 

�(�F�i�g�u�r�e� �1�3�)�.�2�3�©� �H�o�o�k�e� �e�x�p�l�a�i�n�e�d� �h�i�s� �r�e�a�s�o�n�s� �f�o�r� �a�t�t�a�c�k�i�n�g� 

�H�e�v�e�l�i�u�s�'� �p�o�s�i�t�i�o�n�:� 

�N�o�r� �s�h�o�u�l�d� �I� �h�a�v�e� �p�u�b�l�i�s�h�e�d� �t�h�e�s�e� �m�y� �t�h�o�u�g�h�t�s�,� 
�h�a�d� �I� �n�o�t� �t�h�o�u�g�h�t� �t�h�e�m� �s�o� �h�i�g�h�l�y� �d�e�c�r�y�e�d� �b�y� �a� 
�p�e�r�s�o�n� �o�f� �s�o� �g�r�e�a�t� �a�u�t�h�o�r�i�t�y�,� �f�e�a�r�i�n�g� �t�h�a�t� 
�h�e�r�e�b�y� �o�t�h�e�r� �o�b�s�e�r�v�a�t�o�r�s� �m�i�g�h�t� �h�a�v�e� �b�e�e�n� 
�d�e�t�e�r�r�'�d� �f�r�o�m� �m�a�k�i�n�g� �a�n�y� �u�s�e� �o�f� �t�h�e�m�,� �a�n�d� �s�o� 
�t�h�e� �f�u�r�t�h�e�r� �p�r�o�g�r�e�s�s� �o�f� �a�s�t�r�o�n�o�m�y� �m�i�g�h�t� �h�a�v�e� 
�b�e�e�n� �h�i�n�d�e�r�e�d�.� �2�3�?� 

�H�e� �s�t�a�t�e�d� �h�o�w� �h�e� �c�a�n� �d�o� �m�o�r�e� �w�i�t�h� �a�n� �i�n�s�t�r�u�m�e�n�t� �o�f� �o�n�e� �f�o�o�t� 

�r�a�d�i�u�s�,� �t�h�a�n� �H�e�v�e�l�i�u�s� �c�a�n� �w�i�t�h� �a�n� �i�n�s�t�r�u�m�e�n�t� �o�f� �1�0�,� �2�0�,� �3�0�,� 

�e�v�e�n� �6�0� �f�e�e�t� �i�n� �r�a�d�i�u�s�,� �f�i�t�t�e�d� �w�i�t�h� �o�p�e�n� �s�i�g�h�t�s�.� �H�e� 

�f�u�r�t�h�e�r�m�o�r�e� �c�l�a�i�m�e�d� �(�a�s� �h�e� �d�i�d� �m�a�n�y� �t�i�m�e�s�)� �t�h�a�t�  ��o�b�s�e�r�v�a�t�i�o�n�s� 

�m�a�d�e� �w�i�t�h� �c�o�m�m�o�n� �s�i�g�h�t�s�.� �.� �.� �a�r�e� �n�o� �w�a�y�s� �c�a�p�a�b�l�e� �o�f� �c�e�r�t�a�i�n�t�y� 

�t�o� �a� �m�i�n�u�t�e� �o�r� �t�w�o�.�"�2�3�8� �E�l�s�e�w�h�e�r�e�,� �H�o�o�k�e� �s�t�a�t�e�d� �t�h�a�t� �i�f� �t�w�o� 

�s�t�a�r�s� �a�r�e� �n�o�t� �s�e�p�a�r�a�t�e�d� �b�y� �a�t� �l�e�a�s�t� �a� �m�i�n�u�t�e� �o�f� �a�r�c�,� �t�h�e�y� 

�w�o�u�l�d� �a�p�p�e�a�r� �a�s� �o�n�e� �t�o� �t�h�o�s�e� �u�s�i�n�g� �o�p�e�n� �s�i�g�h�t�s�.�?�3�%�9� �H�o�o�k�e� 

�d�i�r�e�c�t�l�y� �a�d�d�r�e�s�s�e�d� �H�e�v�e�l�i�u�s�'� �a�r�g�u�m�e�n�t� �t�h�a�t� �l�e�n�s�e�s� �a�n�d� �c�r�o�s�s�-� 

�h�a�i�r�s� �c�a�n� �e�a�s�i�l�y� �b�e� �b�r�o�k�e�n�,� �b�y� �a�f�f�i�r�m�i�n�g� �t�h�a�t� �t�h�e� �"�p�l�u�m�b�-�l�i�n�e� 

�o�f� �a�n�y� �o�f� �[�H�e�v�e�l�i�u�s�'�]� �i�n�s�t�r�u�m�e�n�t�s� �m�a�y� �b�e� �b�r�o�k�e�n�,� �o�r� �h�i�s� 

�s�i�g�h�t�s� �b�e�n�d�e�d�.�"�2�4�9� �S�i�m�i�l�a�r�l�y�,� �H�o�o�k�e� �c�o�n�t�e�n�d�e�d� �t�h�a�t� �H�e�v�e�l�i�u�s�'� 

� � 

�2�3�6� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g�,� �4�5�.� 
�2�3�7� �H�o�o�k�e�,� �A�n�i�m�a�d�v�e�r�s�i�o�n�s�,� �i�n� �G�u�n�t�h�e�r�,� �E�a�r�l�y�,� �V�o�l�.� �8�,� �7�9�.� �H�e� �a�d�m�i�t�t�e�d� 
�t�o� �w�r�i�t�i�n�g� �t�h�e� �w�o�r�k� �a�s� �a� �r�e�s�p�o�n�s�e� �a�g�a�i�n�s�t� �H�e�v�e�l�i�u�s�'� �o�b�j�e�c�t�i�o�n�s�.� 
�2�3�8� �T�b�i�d�.� 
�2�3�9� �H�e�v�e�l�i�u�s� �n�e�v�e�r� �d�e�n�i�e�d� �t�h�a�t� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �h�e�l�p�e�d� �d�i�s�c�e�r�n� �o�b�j�e�c�t�s�,� 
�b�u�t� �h�e� �h�e�l�d� �o�n�t�o� �h�i�s� �b�e�l�i�e�f� �t�h�a�t� �e�x�p�e�r�i�e�n�c�e� �a�n�d� �g�o�o�d� �e�y�e�s�i�g�h�t� �p�r�e�v�a�i�l�e�d� 
�o�v�e�r� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �(�K�i�n�g�,� �H�i�s�t�o�r�y�,� �1�0�0�)�.� 
�2�4�0� �T�b�h�i�d�.�,� �4�3�.� �A�l�t�h�o�u�g�h� �H�o�o�k�e�'�s� �o�b�j�e�c�t�i�o�n� �w�a�s� �a�s� �o�s�t�e�n�s�i�b�l�e� �a�s� 
�H�e�v�e�l�i�u�s�'�,� �H�o�o�k�e� �a�t�t�e�m�p�t�e�d� �t�o� �d�r�a�w� �a�t�t�e�n�t�i�o�n� �t�o� �H�e�v�e�l�i�u�s�'� �a�r�g�u�m�e�n�t�s� �(�s�e�e� 
�t�e�x�t� �m�a�r�k�e�d� �b�y� �n�.� �2�2�4�)�.� 
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�i�n�s�t�r�u�m�e�n�t�s� �a�r�e� �s�u�b�j�e�c�t� �t�o� �s�h�r�i�n�k�i�n�g�,� �s�w�e�l�l�i�n�g�,� �b�e�n�d�i�n�g�,� �a�n�d� 

�w�a�r�p�i�n�g�.�?�2�4�!� 

�H�o�o�k�e� �f�u�r�t�h�e�r� �a�r�g�u�e�d� �t�h�a�t� �w�i�t�h� �h�i�s� �i�n�s�t�r�u�m�e�n�t�s�,� �o�n�l�y� �o�n�e� 

�o�b�s�e�r�v�e�r� �w�a�s� �n�e�c�e�s�s�a�r�y�;� �H�e�v�e�l�i�u�s� �r�e�q�u�i�r�e�d� �t�w�o� �o�b�s�e�r�v�e�r�s�,� �a�n�d� 

�T�y�c�h�o� �B�r�a�h�e� �r�e�q�u�i�r�e�d� �f�o�u�r�.�?�4�%� �I�t� �b�e�c�a�m�e� �a�b�s�o�l�u�t�e�l�y� �n�e�c�e�s�s�a�r�y�,� 

�h�e� �s�t�a�t�e�d�,� �t�h�a�t� �t�h�e�r�e� �w�a�s� �a� �"�u�n�a�n�i�m�o�u�s� �c�o�n�c�u�r�r�e�n�c�e�"� �i�n� �t�h�e�i�r� 

�m�e�a�s�u�r�e�m�e�n�t�s�.� �I�f� �e�v�e�n� �o�n�e� �f�a�i�l�e�d� �t�o� �g�i�v�e� �a�n� �a�c�c�u�r�a�t�e� 

�m�e�a�s�u�r�e�m�e�n�t�,� �t�h�e� �e�n�t�i�r�e� �o�b�s�e�r�v�a�t�i�o�n� �b�e�c�a�m�e� �u�n�c�e�r�t�a�i�n� �a�n�d� 

�u�s�e�l�e�s�s�.�?�4�3� �H�o�o�k�e�'�s� �m�a�i�n� �o�b�j�e�c�t�i�o�n� �t�o� �o�p�e�n� �s�i�g�h�t�s� �w�a�s� �h�i�s� 

�c�o�n�v�i�c�t�i�o�n� �t�h�a�t� �"�'�t�i�s� �i�m�p�o�s�s�i�b�l�e� �w�i�t�h� �S�i�g�h�t�s� �m�a�d�e� �a�f�t�e�r� 

�T�i�c�h�o�'�s� �o�r� �H�e�v�e�l�i�u�s� �h�i�s� �w�a�y�,� �t�o� �d�i�s�t�i�n�g�u�i�s�h� �a�n�y� �d�i�s�t�a�n�c�e� �i�n� 

�t�h�e� �H�e�a�v�e�n�s� �l�e�s�s� �t�h�a�n� �h�a�l�f� �a� �m�i�n�u�t�e�,� �o�r� �t�h�i�r�t�y� �S�e�c�o�n�d�s�,� �a�n�d� 

�h�a�r�d�l�y� �o�n�e� �o�f� �a� �h�u�n�d�r�e�d� �c�a�n� �d�i�s�t�i�n�g�u�i�s�h� �a� �m�i�n�u�t�e�.�" ��4�*� �H�o�o�k�e�'�s� 

�m�a�i�n� �c�o�n�t�e�n�t�i�o�n�,� �t�h�e�r�e�f�o�r�e�,� �r�e�s�t�e�d� �o�n� �t�h�e� �i�n�a�b�i�l�i�t�y� �o�f� �t�h�e� 

�h�u�m�a�n� �e�y�e� �t�o� �d�i�s�t�i�n�g�u�i�s�h� �b�e�l�o�w� �a� �c�e�r�t�a�i�n� �a�n�g�l�e� �o�f� 

�m�e�a�s�u�r�e�m�e�n�t�,� �a�n�d� �t�h�e� �t�e�l�e�s�c�o�p�e�'�s� �p�o�w�e�r� �t�o� �i�n�c�r�e�a�s�e� 

�m�a�g�n�i�f�i�c�a�t�i�o�n�.� 

�L�i�k�e� �H�e�v�e�l�i�u�s�,� �H�o�o�k�e� �l�i�s�t�e�d� �h�i�s� �o�b�j�e�c�t�i�o�n�s�,� �p�o�i�n�t� �b�y� 

�p�o�i�n�t�,� �i�n� �h�i�s� �t�e�x�t�.� �H�o�w�e�v�e�r�,� �H�o�o�k�e� �a�l�s�o� �c�a�r�r�i�e�d� �h�i�s� �c�e�n�s�u�r�e� 

�a� �s�t�e�p� �f�u�r�t�h�e�r� �b�y� �a�t�t�a�c�k�i�n�g� �n�o�t� �o�n�l�y� �o�p�e�n� �s�i�g�h�t�s� �a�n�d� �a�l�l� �t�h�e�y� 

� � 

�2�4�1� �H�o�o�k�e�,� �A�n� �A�t�t�e�m�p�t� �t�o� �P�r�o�v�e� �t�h�e� �M�o�t�i�o�n� �o�f� �t�h�e� �E�a�r�t�h� �f�r�o�m� �O�b�s�e�r�v�a�t�i�o�n�s� 
�(�L�o�n�d�o�n�,� �1�6�7�4�)�.� �P�u�b�l�i�s�h�e�d� �i�n� �h�i�s� �C�u�t�l�e�r�i�a�n� �L�e�c�t�u�r�e�s� �(�s�e�e� �G�u�n�t�h�e�r�,� 

�E�a�r�l�y�,� �V�o�l�.� �8�,� �1�6�)�.� �F�l�a�m�s�t�e�e�d� �b�e�l�i�e�v�e�d� �t�h�a�t� �m�a�k�i�n�g� �l�a�r�g�e�r� �i�n�s�t�r�u�m�e�n�t�s�,� 
�s�u�c�h� �a�s� �T�y�c�h�o� �a�n�d� �H�e�v�e�l�i�u�s�'�,� �w�a�s� �d�e�t�r�i�m�e�n�t�a�l�,� �a�s� �t�h�e� �i�n�s�t�r�u�m�e�n�t�s� 
�i�n�e�v�i�t�a�b�l�y� �b�e�n�d�e�d� �o�r� �w�a�r�p�e�d� �w�i�t�h� �t�i�m�e�.� �B�e�n�d�i�n�g� �e�v�e�n� �o�n�e� �q�u�a�r�t�e�r� �o�f� �a�n� 
�i�n�c�h� �c�o�u�l�d� �r�e�s�u�l�t� �i�n� �a�n� �e�r�r�o�r� �o�f� �m�i�n�u�t�e�s� �(�F�o�r�b�e�s�,� �G�r�e�e�n�w�i�c�h�,� �2�3�2�)�.� 

�2�4�2� �N�o�t� �a�l�l� �o�f� �H�e�v�e�l�i�u�s�'� �i�n�s�t�r�u�m�e�n�t�s� �r�e�q�u�i�r�e�d� �t�w�o� �o�b�s�e�r�v�e�r�s� �(�s�e�e� �t�e�x�t� 
�m�a�r�k�e�d� �b�y� �n�.� �2�1�6�)�.� 

�2�4�3� �H�o�o�k�e�,� �A�n�i�m�a�d�v�e�r�s�i�o�n�s�,� �i�n� �G�u�n�t�h�e�r�,� �E�a�r�l�y�,� �V�o�l�.� �8�,� �9�1�.� 
�2�4�4� �(�E�m�p�h�a�s�i�s� �m�i�n�e�)� �I�b�i�d�.�,� �4�3�.� �S�e�e� �a�l�s�o� �V�o�l�k�o�f�f� �e�t� �a�l�,� �H�e�v�e�l�i�u�s�,� �3�6�.� 
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�e�n�c�o�m�p�a�s�s�e�d�,� �b�u�t� �a�l�s�o� �d�e�n�u�n�c�i�a�t�i�n�g� �H�e�v�e�l�i�u�s�'� �w�o�r�k�,� �m�e�t�h�o�d�s�,� 

�a�n�d� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n� �g�e�n�e�r�a�l�.� �H�e� �a�c�c�u�s�e�d� �H�e�v�e�l�i�u�s� �o�f� �b�e�i�n�g� 

�"�c�i�r�c�u�m�s�p�e�c�t�,� �t�o� �f�i�n�d� �o�u�t� �t�h�e� �i�n�c�o�n�v�e�n�i�e�n�c�e�s� �a�n�d� �d�i�f�f�i�c�u�l�t�i�e�s� 

�t�h�a�t� �d�o� �a�c�r�e�w� �t�o� �t�h�e� �b�e�s�t� �o�b�s�e�r�v�a�t�o�r�s�,� �e�v�e�n� �w�i�t�h� �t�h�e� �b�e�s�t� 

�i�n�s�t�r�u�m�e�n�t�s�.� �.� �.� �.� �[�H�e�v�e�l�i�u�s�]� �w�o�u�l�d� �h�a�v�e� �d�o�n�e� �h�i�m�s�e�l�f� �a�n�d� �t�h�e� 

�l�e�a�r�n�e�d� �W�o�r�l�d� �a� �m�u�c�h� �g�r�e�a�t�e�r� �p�i�e�c�e� �o�f� �s�e�r�v�i�c�e�"� �h�a�d� �h�e� 

�i�m�p�r�o�v�e�d� �h�i�s� �i�n�s�t�r�u�m�e�n�t�s� �b�y� �a�d�d�i�n�g� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.�? ��°� 

�T�h�e� �g�r�e�a�t�e�s�t� �i�n�s�u�l�t� �t�o� �H�e�v�e�l�i�u�s� �w�a�s� �t�h�e� �l�i�k�e�n�e�s�s� �o�f� �h�i�s� 

�w�o�r�k� �a�n�d� �h�i�s� �i�n�s�t�r�u�m�e�n�t�s� �t�o� �T�y�c�h�o� �B�r�a�h�e�'�s�.�?�4�®� �H�o�o�k�e� �a�r�g�u�e�d� 

�t�h�a�t� �b�e�c�a�u�s�e� �T�y�c�h�o�'�s� �i�n�s�t�r�u�m�e�n�t�s� �w�e�r�e� �a�s� �l�a�r�g�e� �a�s� �H�e�v�e�l�i�u�s�'�,� 

�t�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�h�e� �f�o�r�m�e�r� �w�e�r�e� �j�u�s�t� �a�s� �a�c�c�u�r�a�t�e�.�?�2�? ��?� 

�H�o�o�k�e� �e�v�e�n� �c�l�a�i�m�e�d� �t�h�a�t� �T�y�c�h�o�'�s� �l�a�r�g�e� �w�o�o�d�e�n� �q�u�a�d�r�a�n�t� �a�n�d� 

�M�u�r�a�l� �q�u�a�d�r�a�n�t� �w�e�r�e� �g�e�n�e�r�a�l�l�y� �b�e�t�t�e�r� �t�h�a�n� �H�e�v�e�l�i�u�s�'� 

�i�n�s�t�r�u�m�e�n�t�s�,� �a�n�d� �h�i�s� �m�u�r�a�l� �q�u�a�d�r�a�n�t� �r�e�c�o�r�d�e�d� �m�o�r�e� �a�c�c�u�r�a�t�e� 

�m�e�a�s�u�r�e�m�e�n�t�s� �t�h�a�n� �H�e�v�e�l�i�u�s�'� �i�n�s�t�r�u�m�e�n�t�s�,�2�4�8� �a�n�d� �t�h�a�t� �t�h�e� 

�S�i�g�h�t�s� �a�n�d� �w�a�y� �o�f� �d�i�v�i�s�i�o�n�,� �w�e�r�e� �t�h�e� �s�a�m�e� �a�s� �w�e�l�l� �-�-� �f�u�r�t�h�e�r� 

�i�m�p�l�y�i�n�g� �t�h�e� �l�a�c�k� �o�f� �i�m�p�r�o�v�e�m�e�n�t� �b�e�t�w�e�e�n� �T�y�c�h�o� �a�n�d� �H�e�v�e�l�i�u�s�.� 

�S�u�c�h� �b�l�u�n�t� �d�e�n�i�g�r�a�t�i�o�n� �o�f� �H�e�v�e�l�i�u�s�'� �w�o�r�k� �a�n�d� �i�n�s�t�r�u�m�e�n�t�s� �b�y� 

�S�u�g�g�e�s�t�i�n�g� �t�h�a�t� �t�h�e�y� �h�a�d� �n�o�t� �i�m�p�r�o�v�e�d� �o�v�e�r� �T�y�c�h�o�'�s�,� �o�b�v�i�o�u�s�l�y� 

�p�r�o�v�o�k�e�d� �H�e�v�e�l�i�u�s� �f�u�r�t�h�e�r�,� �a�n�d� �t�h�e� �c�o�n�t�r�o�v�e�r�s�y� �i�n�t�e�n�s�i�f�i�e�d�.� 

�I�n� �t�h�e� �s�e�c�o�n�d� �h�a�l�f� �o�f� �h�i�s� �A�n�i�m�a�d�v�e�r�s�i�o�n�s�,� �H�o�o�k�e� 

�d�e�s�c�r�i�b�e�d� �a�n� �e�q�u�a�t�o�r�i�a�l� �q�u�a�d�r�a�n�t� �o�f� �h�i�s� �o�w�n� �d�e�s�i�g�n� �t�h�a�t� 

� � 

�2�4�5� �H�o�o�k�e�,� �A�n�i�m�a�d�v�e�r�s�i�o�n�s�,� �i�n� �G�u�n�t�h�e�r�,� �E�a�r�l�y�,� �V�o�l�.� �8�,� �3�8�.� 

�2�4�6� �I�b�i�d�.� 
�2�4�7� �a�c�t�u�a�l�l�y�,� �H�e�v�e�l�i�u�s�'� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �m�o�r�e� �a�c�c�u�r�a�t�e� �t�h�a�n� �T�y�c�h�o�'�s� 
�(�B�é�z�i�a�t�,� �"�L�a� �v�i�e�,�"� �5�9�1�)�.� 

�2�4�8� �H�o�o�k�e�,� �A�n�i�m�a�d�v�e�r�s�i�o�n�s�,� �i�n� �G�u�n�t�h�e�r�,� �E�a�r�l�y�,� �V�o�l�.� �8�,� �7�0�.� 

�7�4



�g�r�e�a�t�l�y� �s�u�r�p�a�s�s�e�d� �a�n�y� �i�n�s�t�r�u�m�e�n�t� �o�f� �H�e�v�e�l�i�u�s�'� �m�a�k�i�n�g� �(�F�i�g�u�r�e� 

�1�3�)�.� �H�o�o�k�e� �c�l�a�i�m�e�d� �t�h�a�t� �h�i�s� �i�n�s�t�r�u�m�e�n�t� �c�o�u�l�d� �s�u�p�e�r�i�m�p�o�s�e� �t�w�o� 

�s�e�p�a�r�a�t�e� �i�m�a�g�e�s�,� �t�h�e�r�e�b�y� �a�l�l�o�w�i�n�g� �o�n�e� �o�b�s�e�r�v�e�r� �t�o� �t�a�k�e� �b�o�t�h� 

�s�i�g�h�t�s� �a�t� �o�n�c�e�.� �H�e� �a�l�s�o� �d�e�s�c�r�i�b�e�d� �a� �t�a�n�g�e�n�t� �s�c�r�e�w� �t�h�a�t� 

�f�i�n�e�l�y� �a�d�j�u�s�t�e�d� �m�e�a�s�u�r�e�m�e�n�t�s�,� �a�n�d� �i�n�t�r�o�d�u�c�e�d� �a� �c�l�o�c�k�w�o�r�k� 

�d�r�i�v�e� �t�h�a�t� �c�o�u�l�d� �b�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �a� �c�o�n�i�c�a�l� �p�e�n�d�u�l�u�m� �c�l�o�c�k�,� 

�m�a�k�i�n�g� �t�h�e� �i�n�s�t�r�u�m�e�n�t� �f�o�l�l�o�w� �a� �p�a�r�t�i�c�u�l�a�r� �s�t�a�r�'�s� �m�o�v�e�m�e�n�t� 

�a�c�r�o�s�s� �t�h�e� �s�k�y� �w�i�t�h�o�u�t� �a�d�j�u�s�t�m�e�n�t� �b�y� �t�h�e� �o�b�s�e�r�v�e�r�.�?�4�?� 

�A�l�t�h�o�u�g�h� �H�o�o�k�e�'�s� �i�n�s�t�r�u�m�e�n�t� �w�a�s� �n�e�v�e�r� �b�u�i�l�t�,� �t�h�e�s�e� �i�m�p�o�r�t�a�n�t� 

�i�n�n�o�v�a�t�i�o�n�s� �e�v�e�n�t�u�a�l�l�y� �i�n�f�l�u�e�n�c�e�d� �i�n�s�t�r�u�m�e�n�t�a�t�i�o�n� �i�n� 

�a�s�t�r�o�n�o�m�y�.� �?�°�°� 

�H�e�v�e�l�i�u�s� �w�a�s� �g�r�e�a�t�l�y� �i�n�c�e�n�s�e�d� �b�y� �H�o�o�k�e�'�s� �v�e�r�b�a�l� �a�t�t�a�c�k�s�,� 

�b�u�t� �h�e� �h�a�d� �f�r�i�e�n�d�s� �w�h�o� �s�u�p�p�o�r�t�e�d� �h�i�s� �c�a�u�s�e� �l�i�k�e� �W�a�l�l�i�s�,� �w�h�o�,� 

�i�n� �a� �l�e�t�t�e�r� �t�o� �O�l�d�e�n�b�u�r�g�,� �d�e�f�e�n�d�e�d� �H�e�v�e�l�i�u�s� �a�g�a�i�n�s�t� �H�o�o�k�e�,�.�?�?�!� 

�H�o�o�k�e�,� �W�a�l�l�i�s� �b�e�l�i�e�v�e�d�,� �w�a�s� �t�o�o�  ��h�a�r�s�h�"� �w�i�t�h� �H�e�v�e�l�i�u�s�,� �a�n�d� 

�W�a�l�l�i�s� �w�a�s� �i�n�c�e�n�s�e�d� �t�h�a�t� �H�o�o�k�e� �h�a�d� �p�u�b�l�i�s�h�e�d� �a� �s�t�a�t�e�m�e�n�t� �o�f� 

�h�i�s� �a�g�a�i�n�s�t� �H�e�v�e�l�i�u�s� �i�n� �t�h�e� �A�n�i�m�a�d�v�e�r�s�i�o�n�s�.�?�>�°�?� 

�H�e�v�e�l�i�u�s�'� �r�e�a�c�t�i�o�n� �t�o� �H�o�o�k�e�'�s� �m�o�c�k�e�r�y� �o�f� �h�i�s� 

�o�b�s�e�r�v�a�t�i�o�n�s� �a�n�d� �i�n�s�t�r�u�m�e�n�t�s� �w�a�s� �t�o� �w�r�i�t�e� �a�n� �i�m�p�a�s�s�i�o�n�e�d� 

�l�e�t�t�e�r� �t�o� �O�l�d�e�n�b�u�r�g� �i�n�f�o�r�m�i�n�g� �h�i�m� �h�o�w� �h�e� �h�a�d� �s�u�f�f�e�r�e�d� �a�t� 

�H�o�o�k�e�'�s� �i�n�s�u�l�t�s�.� �H�e�v�e�l�i�u�s� �b�e�g�a�n� �b�y� �d�e�c�l�a�r�i�n�g� �t�h�a�t� �H�o�o�k�e� 

� � 

�2�4�9� �S�e�e� �B�e�n�n�e�t�t�,� �D�i�v�i�d�e�d�,� �6�8�-�6�9�.� 
�2�5�0� �B�e�n�n�e�t�t�,�  ��H�o�o�k�e�'�s� �I�n�s�t�r�u�m�e�n�t�s�,�"� �i�n� �H�u�n�t�e�r� �a�n�d� �S�c�h�a�f�f�e�r�,� �R�o�b�e�r�t� 
�H�o�o�k�e�,� �2�9�.� 
�2�5�1� �W�a�l�l�i�s� �a�n�d� �H�e�v�e�l�i�u�s� �h�a�d� �b�e�e�n� �f�r�i�e�n�d�s� �s�i�n�c�e� �t�h�e� �1�6�3�0�'�s� �w�h�e�n� �H�e�v�e�l�i�u�s� 
�m�e�t� �W�a�l�l�i�s� �i�n� �E�n�g�l�a�n�d�!� 
�2�5�2� �1�1� �J�a�n�u�a�r�y� �1�6�7�5�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �1�1� �(�1�6�7�4�-�1�6�7�5�)�,� 
�1�5�7�.� 

�7�5



�s�h�o�u�l�d� �n�o�t� �h�a�v�e� �w�r�i�t�t�e�n� �i�n� �E�n�g�l�i�s�h�,� �a�s� �h�e� �w�a�s�t�e�d� �b�o�t�h� 

�H�e�v�e�l�i�u�s� �a�n�d� �h�i�s� �f�r�i�e�n�d�s�'� �t�i�m�e� �i�n� �t�r�y�i�n�g� �t�o� �t�r�a�n�s�l�a�t�e� �i�t�.�?�°�3� 

�H�e� �a�l�s�o� �e�x�p�r�e�s�s�e�d� �h�i�s� �e�x�t�r�e�m�e� �d�i�s�t�a�s�t�e� �f�o�r� �d�i�s�p�u�t�e�s�:� 

�Y�o�u� �m�a�y� �b�e�l�i�e�v�e�,� �m�y� �f�r�i�e�n�d�,� �t�h�a�t� �I� �a�p�p�r�o�a�c�h� 
�t�h�i�s� �l�i�t�t�l�e� �j�o�b� �w�i�t�h� �e�x�t�r�e�m�e� �r�e�l�u�c�t�a�n�c�e�:� �n�o�t� 
�b�e�c�a�u�s�e� �I� �a�m� �u�n�s�u�r�e� �w�h�e�t�h�e�r� �I� �h�a�v�e� �u�n�t�i�e�d� 
�[�H�o�o�k�e�'�s�]� �G�o�r�d�i�o�n� �k�n�o�t�s� �o�r� �l�a�i�d� �m�y�s�e�l�f� �o�p�e�n� �t�o� 
�t�h�o�s�e� �d�a�r�t�s� �h�e� �h�a�s� �b�e�e�n� �p�l�e�a�s�e�d� �s�o� �o�f�t�e�n� �t�o� 
�h�u�r�l� �a�t� �m�e�,� �w�h�i�c�h� �I� �c�a�n� �c�e�r�t�a�i�n�l�y� �d�o�d�g�e� �-�-� �b�y� 
�n�o� �m�e�a�n�s�!� �B�u�t� �b�e�c�a�u�s�e� �m�y� �m�i�n�d� �(�a�s�,� �I� �j�u�d�g�e�,� �i�s� 
�p�r�o�p�e�r� �i�n� �a� �c�a�n�d�i�d� �a�n�d� �w�a�r�m�-�h�e�a�r�t�e�d� �m�a�n�)� 
�w�h�o�l�l�y� �a�b�h�o�r�s� �s�u�c�h� �t�h�i�n�g�s�,� �e�s�p�e�c�i�a�l�l�y� �d�i�s�p�u�t�e�s� 

�w�i�t�h� �o�t�h�e�r�s� �a�n�d� �c�o�n�t�e�n�t�i�o�n�s� �i�n� �m�e�r�e� �i�d�l�e� �w�o�r�d�s� 
�a�g�a�i�n�s�t� �a� �F�e�l�l�o�w� �o�f� �t�h�e� �i�l�l�u�s�t�r�i�o�u�s� �R�o�y�a�l� 
�S�o�c�i�e�t�y�.�?�2�>�4� 

�H�e�v�e�l�i�u�s� �f�u�r�t�h�e�r� �c�l�a�i�m�e�d� �t�h�a�t� �h�e� �h�a�d� �n�e�v�e�r� �t�r�i�e�d� �t�o� �f�o�r�c�e� �h�i�s� 

�o�p�i�n�i�o�n� �o�n� �a�n�y�o�n�e�,� �n�o�r� �h�a�d� �h�e� �c�o�m�p�r�o�m�i�s�e�d� �a�n�y�o�n�e� �e�l�s�e�'�s� 

�v�i�e�w�s�:� 

�I� �h�a�v�e� �u�r�g�e�d� �n�o� �o�n�e� �t�o� �b�e� �m�y� �p�a�r�t�i�s�a�n�,� �n�o�r� 
�h�a�v�e� �I� �m�a�d�e� �e�f�f�o�r�t�s� �t�o� �p�e�r�s�u�a�d�e� �a�n�y�o�n�e� �t�o� 
�r�e�l�i�n�q�u�i�s�h� �h�i�s� �o�w�n� �p�o�i�n�t� �o�f� �v�i�e�w�,� �w�h�i�c�h� �h�e� 
�m�i�g�h�t� �t�h�i�n�k� �t�h�e� �n�e�a�r�e�r� �t�o� �t�h�e� �t�r�u�t�h�;� �m�u�c�h� �l�e�s�s� 
�h�a�v�e� �I� �s�o� �c�o�n�d�u�c�t�e�d� �m�y�s�e�l�f� �a�s� �t�o� �p�r�e�s�u�m�e� �t�o� 
�p�l�a�y� �t�h�e� �r�é�l�e� �o�f� �d�i�c�t�a�t�o�r� �t�o� �f�r�e�e� �m�i�n�d�s�.� �I�n� 
�m�y� �l�i�t�t�l�e� �w�o�r�k�s� �I� �n�e�v�e�r�,� �b�y� �a�n�y� �m�e�a�n�s�,� �t�r�i�e�d� 
�t�o� �l�a�y� �d�o�w�n� �l�a�w�s� �f�o�r� �a�n�y�o�n�e� �o�r� �f�o�r� �p�o�s�t�e�r�i�t�y� 
�a�s� �t�h�o�u�g�h� �t�h�e�y� �s�h�o�u�l�d� �f�o�l�l�o�w� �i�n� �e�v�e�r�y� �d�e�t�a�i�l� 
�i�n� �m�y� �f�o�o�t�s�t�e�p�s�,� �o�r� �a�s� �t�h�o�u�g�h� �t�h�a�t� �b�u�s�i�n�e�s�s� 
�w�a�s� �t�o� �b�e� �d�o�n�e� �t�h�u�s� �a�n�d� �n�o�t� �o�t�h�e�r�w�i�s�e�.� �.� �.� �.�2�°� 

�H�e�v�e�l�i�u�s� �p�r�o�c�e�e�d�e�d� �t�o� �d�e�s�c�r�i�b�e� �H�o�o�k�e� �a�s� �a� �"�b�u�s�y�b�o�d�y�"�,� �w�h�o� 

�"�l�a�b�o�r�s� �i�n� �v�a�i�n� �w�i�t�h� �w�o�r�d�s� �a�n�d� �d�e�e�d�s�,�"� �a�n�d� �i�s� �i�n�t�e�r�e�s�t�e�d� �o�n�l�y� 

�i�n� �w�h�a�t� �o�t�h�e�r�s� �a�r�e� �d�o�i�n�g�,� �b�u�t� �n�e�v�e�r� �i�m�p�r�o�v�i�n�g� �h�i�s� �o�w�n� �w�o�r�k�.�2�5�6� 

�A�l�t�h�o�u�g�h� �H�o�o�k�e� �c�o�n�t�i�n�u�o�u�s�l�y� �b�o�a�s�t�e�d� �a�b�o�u�t� �h�i�s� �p�r�e�c�i�s�i�o�n�,� 
� � 

�2�2�3� �H�e�v�e�l�i�u�s� �m�a�y� �h�a�v�e� �a�l�s�o� �b�e�e�n� �s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �b�y� �p�u�b�l�i�s�h�i�n�g� 
�i�n� �t�h�e� �v�e�r�n�a�c�u�l�a�r�,� �i�t� �c�o�u�l�d� �b�e� �r�e�a�d� �b�y� �a� �w�i�d�e�r� �a�u�d�i�e�n�c�e�.� 
�2�5�4� �(�E�m�p�h�a�s�i�s� �m�i�n�e�)� �2�1� �A�u�g�u�s�t� �1�6�7�5�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� 
�1�1�,� �4�6�7�.� 
�2�5�5� �I�b�i�d�.� 

�2�5�6� �(�E�m�p�h�a�s�i�s� �m�i�n�e�)� �I�b�i�d�.�,� �4�6�8�.� 
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�H�e�v�e�l�i�u�s� �c�l�a�i�m�e�d� �h�e� �n�e�v�e�r� �s�a�w� �a�n�y� �p�r�o�o�f� �t�h�a�t� �t�e�l�e�s�c�o�p�i�c� 

�S�i�g�h�t�s� �y�i�e�l�d� �m�o�r�e� �a�c�c�u�r�a�t�e� �m�e�a�s�u�r�e�m�e�n�t�s� �t�h�a�n� �o�p�e�n� �s�i�g�h�t�s�.� �O�n� 

�a� �m�o�r�e� �p�e�r�s�o�n�a�l� �l�e�v�e�l�,� �H�e�v�e�l�i�u�s� �d�i�r�e�c�t�l�y� �a�d�d�r�e�s�s�e�d� �H�o�o�k�e�'�s� 

�i�m�p�e�r�t�i�n�e�n�c�e�:� 

�M�o�r�e�o�v�e�r�,� �i�t� �i�s� �e�q�u�a�l�l�y� �u�n�w�o�r�t�h�y� �c�o�n�t�i�n�u�a�l�l�y� 
�t�o� �t�e�a�r� �t�o� �p�i�e�c�e�s�,� �d�e�s�p�i�s�e� �a�n�d� �s�c�o�r�n� �(�f�o�r� 
�w�h�a�t�e�v�e�r� �r�e�a�s�o�n�)� �t�h�e� �l�a�b�o�u�r�s� �[�i�n� �o�b�s�e�r�v�i�n�g�]� 
�p�e�r�f�o�r�m�e�d� �a�n�d� �a�t� �p�r�e�s�e�n�t� �s�t�i�l�l� �t�o� �b�e� �p�e�r�f�o�r�m�e�d� 
�b�y� �o�t�h�e�r�s� �(�w�i�t�h� �t�h�e� �b�e�s�t� �i�n�t�e�n�t�i�o�n�s�)�.� 
�F�o�r� �i�t� �i�s� �o�b�v�i�o�u�s� �t�o� �a�l�l�,� �t�h�e� �d�i�s�t�i�n�g�u�i�s�h�e�d� 
�H�o�o�k�e� �h�a�s� �a�l�w�a�y�s� �(�i�n� �a�l�l� �m�y� �w�r�i�t�i�n�g�s�,� �l�e�t�t�e�r�s� 
�a�n�d� �c�o�n�v�e�r�s�a�t�i�o�n�s�)�,� �w�h�e�n�e�v�e�r� �h�i�s� �n�a�m�e� �h�a�s� �b�e�e�n� 
�m�e�n�t�i�o�n�e�d�,� �b�e�e�n� �t�r�e�a�t�e�d� �b�y� �m�e� �h�o�n�o�u�r�a�b�l�y� �a�n�d� 
�f�r�o�m� �a� �s�i�n�c�e�r�e� �h�e�a�r�t�,� �a�s� �i�s� �d�u�e� �t�o� �a�n�y� �m�a�n� �o�f� 
�s�u�c�h� �a�b�i�l�i�t�y�;� �w�h�e�n� �i�t� �w�a�s� �n�e�c�e�s�s�a�r�y�,� �I� �r�e�p�l�i�e�d� 
�t�o� �e�v�e�r�y�t�h�i�n�g� �m�o�d�e�s�t�l�y� �a�n�d� �w�i�t�h�o�u�t� �a�n�y� 
�p�e�r�s�o�n�a�l� �a�t�t�a�c�k�s� �o�r� �s�t�i�n�g�i�n�g� �r�e�m�a�r�k�s�,� �a�s� �y�o�u�,� 
�h�o�n�o�u�r�a�b�l�e� �f�r�i�e�n�d�,� �k�n�o�w� �b�e�s�t� �o�f� �a�l�l�.� �.�.�.� �Y�e�t� 
�h�o�w� �M�r�.� �H�o�o�k�e� �h�a�s� �t�r�e�a�t�e�d� �m�e� �b�e�f�o�r�e� �(�n�o�t� �h�i�s� 
�f�o�l�l�o�w�e�r�s� �a�l�o�n�e� �b�u�t� �t�h�e� �w�h�o�l�e� �l�e�a�r�n�e�d� �w�o�r�l�d� 
�m�a�y� �b�e� �r�e�a�d� �a�t� �l�e�n�g�t�h� �i�n� �a�l�m�o�s�t� �e�v�e�r�y� �p�a�g�e� �o�f� 
�h�i�s� �A�n�i�m�a�d�v�e�r�s�i�o�n�s� �w�h�e�r�e� �h�e� �r�e�v�i�l�e�s� �m�y� 
�o�b�s�e�r�v�a�t�i�o�n�s� �a�n�d� �s�m�a�l�l� �l�a�b�o�u�r�s�,� �s�l�i�g�h�t�s� �t�h�e�m� 
�a�n�d� �m�a�k�e�s� �t�h�e�m� �o�f� �n�o� �a�c�c�o�u�n�t�,� �a�n�d� �m�y�s�e�l�f� �h�e� 
�e�v�e�r�y�w�h�e�r�e� �S�l�a�n�d�e�r�s�,� �m�o�c�k�s� �a�n�d� �u�s�e�s� 
�s�c�o�r�n�f�u�l�l�y�.� �.� �.� �.� �T�h�e� �b�e�s�t� �o�f� �t�h�e� �j�o�k�e� �i�s�,� 
�t�h�a�t� �w�h�i�l�e� �h�e� �a�l�m�o�s�t� �a�s�s�a�u�l�t�s� �m�e� �w�i�t�h� �h�i�s� 
�p�r�a�i�s�e�s� �[�y�e�t�]� �a�s� �i�s� �e�v�i�d�e�n�t� �f�r�o�m� �t�h�e� �r�e�s�t� �o�f� 
�h�i�s� �p�h�r�a�s�e�o�l�o�g�y� �o�n� �v�a�r�i�o�u�s� �p�a�g�e�s� �h�e� �m�o�r�e� �a�n�d� 
�m�o�r�e� �m�o�c�k�s� �a�n�d� �w�o�u�n�d�s� �m�e�,� �a�s� �[�w�i�l�l� �a�p�p�e�a�r�]� �a�t� 
�g�r�e�a�t�e�r� �l�e�n�g�t�h� �i�n� �i�t�s� �p�r�o�p�e�r� �p�l�a�c�e�.� �.�.� �.� �I�t� 
�a�l�m�o�s�t� �s�e�e�m�s� �a�s� �t�h�o�u�g�h� �h�e� �m�e�a�n�t� �i�n� �t�h�e�s�e� �p�a�g�e�s� 
�a�s� �i�t� �w�e�r�e� �t�o� �r�e�v�e�n�g�e� �h�i�m�s�e�l�f� �u�p�o�n� �m�e� �a�n�d� �g�i�v�e� 
�v�e�n�t� �t�o� �h�i�s� �a�n�g�e�r�.� �.�.� �.�2�9�!� 

�T�h�e� �a�n�i�m�o�s�i�t�y� �b�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� �a�n�d� �H�o�o�k�e� �w�a�s� �f�i�n�a�l�,� �a�n�d� �t�h�e� 

�t�w�o� �n�e�v�e�r� �c�o�m�m�u�n�i�c�a�t�e�d� �o�n� �f�r�i�e�n�d�l�y� �t�e�r�m�s� �a�g�a�i�n�.� 

�S�e�v�e�r�a�l� �R�o�y�a�l� �S�o�c�i�e�t�y� �m�e�m�b�e�r�s�,� �i�n�c�l�u�d�i�n�g� �O�l�d�e�n�b�u�r�g� �a�n�d� 

�F�l�a�m�s�t�e�e�d�,� �b�e�c�a�m�e� �i�n�c�r�e�a�s�i�n�g�l�y� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �t�h�e� �q�u�a�r�r�e�l� 

�b�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� �a�n�d� �H�o�o�k�e�.� �T�h�e�y� �a�p�p�e�a�r�e�d� �t�o� �b�e� �i�n� �a� �d�i�l�e�m�m�a� 

� � 

�2�5�7� �(�E�m�p�h�a�s�i�s� �m�i�n�e�)� �I�b�i�d�.�,� �4�6�9�-�4�7�1�.� 

�7�7



�a�s� �t�h�e�y� �a�d�v�o�c�a�t�e�d� �H�o�o�k�e�'�s� �p�o�s�i�t�i�o�n�,� �b�u�t� �a�t� �t�h�e� �s�a�m�e� �t�i�m�e�,� �d�i�d� 

�n�o�t� �w�i�s�h� �t�o� �a�l�i�e�n�a�t�e� �o�n�e� �o�f� �E�u�r�o�p�e�'�s� �g�r�e�a�t�e�s�t� �a�s�t�r�o�n�o�m�e�r�s�.� 

�F�u�r�t�h�e�r�m�o�r�e�,� �H�o�o�k�e�'�s� �s�n�i�d�e� �c�o�m�p�a�r�i�s�o�n�s� �b�e�t�w�e�e�n� �T�y�c�h�o� �a�n�d� 

�H�e�v�e�l�i�u�s�,� �a�n�d� �h�i�s� �s�a�r�c�a�s�t�i�c� �a�t�t�i�t�u�d�e� �t�o�w�a�r�d�s� �H�e�v�e�l�i�u�s�'� �w�o�r�k�,� 

�o�n�l�y� �s�e�r�v�e�d� �t�o� �f�u�r�t�h�e�r� �f�r�u�s�t�r�a�t�e� �t�h�e�s�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �m�e�m�b�e�r�s�.� 

�O�l�d�e�n�b�u�r�g� �w�a�s� �e�s�p�e�c�i�a�l�l�y� �i�n�c�e�n�s�e�d� �a�s� �h�e� �h�a�d� �d�e�v�e�l�o�p�e�d� �a� 

�p�e�r�s�o�n�a�l� �f�r�i�e�n�d�s�h�i�p� �w�i�t�h� �H�e�v�e�l�i�u�s� �s�i�n�c�e� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� 

�t�h�e�i�r� �c�o�r�r�e�s�p�o�n�d�e�n�c�e�.�*�°�§� �O�l�d�e�n�b�u�r�g� �r�e�a�s�s�u�r�e�d� �H�e�v�e�l�i�u�s� �t�h�a�t� �h�e� 

�w�a�n�t�e�d� �t�o� �p�r�o�t�e�c�t� �h�i�m� �a�n�d� �h�i�s� �w�o�r�k� �f�r�o�m�  ��i�l�l�-�w�i�s�h�e�r�s�"�,�?�°�9� 

�F�u�r�t�h�e�r�m�o�r�e�,� �H�o�o�k�e�'�s� �c�o�n�t�e�n�t�i�o�n�s� �h�a�d� �n�o�t�  ��w�e�a�k�e�n�e�d� �t�h�e� �R�o�y�a�l� 

�S�o�c�i�e�t�y�'�s� �r�e�g�a�r�d� �f�o�r� �H�e�v�e�l�i�u�s�,� �"�2�°� 

�F�i�a�m� �H�a�l�l� �n� �h�e� �F�i�r� �£�1�6�7� 

�W�h�e�n� �F�l�a�m�s�t�e�e�d� �w�a�s� �a�p�p�o�i�n�t�e�d� �A�s�t�r�o�n�o�m�e�r� �R�o�y�a�l� �i�n� �1�6�7�5�,� 

�h�e� �b�e�c�a�m�e� �i�n�t�e�r�e�s�t�e�d� �o�n�c�e� �m�o�r�e� �i�n� �t�h�e� �p�o�l�e�m�i�c�a�l� �e�x�c�h�a�n�g�e� 
� � 

�2�5�8� �B�y� �t�h�e� �y�e�a�r� �o�f� �O�l�d�e�n�b�u�r�g�'�s� �d�e�a�t�h� �(�1�6�7�7�)�,� �t�h�e� �t�w�o� �h�a�d� �b�e�e�n� 
�c�o�r�r�e�s�p�o�n�d�i�n�g� �w�i�t�h� �e�a�c�h� �o�t�h�e�r� �f�o�r� �f�o�u�r�t�e�e�n� �y�e�a�r�s�.� �A�c�c�o�r�d�i�n�g� �t�o� �H�a�l�l� �a�n�d� 
�H�a�l�l�'�s� �C�o�r�r�e�s�p�o�n�d�e�n�c�e� �a�l�o�n�e�,� �O�l�d�e�n�b�u�r�g� �s�e�n�t� �f�i�f�t�y�-�s�i�x� �l�e�t�t�e�r�s� �t�o� 
�H�e�v�e�l�i�u�s�,� �a�n�d� �H�e�v�e�l�i�u�s� �r�e�p�l�i�e�d� �w�i�t�h� �f�i�f�t�y�-�t�h�r�e�e�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e�y� 
�e�x�c�h�a�n�g�e�d�,� �o�n� �a�v�e�r�a�g�e�,� �f�o�u�r� �l�e�t�t�e�r�s� �a� �y�e�a�r�,� �a�l�t�h�o�u�g�h� �t�h�e�r�e� �w�e�r�e� �m�o�r�e� 
�l�e�t�t�e�r�s� �e�x�c�h�a�n�g�e�d� �i�n� �t�h�e� �f�i�r�s�t� �c�o�u�p�l�e� �o�f� �y�e�a�r�s� �o�f� �t�h�e�i�r� �c�o�r�r�e�s�p�o�n�d�e�n�c�e�.� 
�2�5�9� �1�5� �M�a�y� �1�6�7�6�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �1�2� �(�1�6�7�5�-�1�6�7�6�)�,� 
�(�L�o�n�d�o�n�:� �T�a�y�l�o�r� �a�n�d� �F�r�a�n�c�i�s�)�,� �2�9�5�.� 

�2�6�0� �2�7� �J�a�n�u�a�r�y� �1�6�7�7�,� �I�b�i�d�.�,� �V�o�l�.� �1�3� �(�1�6�7�6�-�1�6�7�7�)�,� �(�L�o�n�d�o�n�:� �T�a�y�l�o�r� �a�n�d� 
�F�r�a�n�c�i�s�)�,� �1�9�7�.� �T�h�e�r�e� �w�a�s� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �w�r�i�t�i�n�g� �t�o� 
�O�l�d�e�n�b�u�r�g� �o�n� �a� �p�e�r�s�o�n�a�l� �l�e�v�e�l�,� �a�n�d� �w�r�i�t�i�n�g� �t�o� �h�i�m� �a�s� �s�e�c�r�e�t�a�r�y� �o�f� �t�h�e� 
�R�o�y�a�l� �S�o�c�i�e�t�y�.� �I�n� �l�a�t�e�r� �y�e�a�r�s�,� �w�h�e�n� �H�o�o�k�e� �c�l�a�i�m�e�d� �O�l�d�e�n�b�u�r�g�  ��h�a�d� 
�w�r�i�t�t�e�n� �t�o� �M�r�.� �H�e�v�e�l�i�u�s� �m�o�r�e� �a�n�d� �d�i�f�f�e�r�e�n�t� �t�h�i�n�g�s�,� �t�h�a�n� �h�e� �h�a�d� �b�e�e�n� 
�d�i�r�e�c�t�e�d� �t�o� �d�o� �b�y� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�,�"� �H�e�v�e�l�i�u�s� �r�e�p�l�i�e�d� �w�i�t�h� �a� �l�e�t�t�e�r� �i�n� 
�w�h�i�c�h� �h�e� �d�e�n�i�e�d� �H�o�o�k�e�'�s� �c�l�a�i�m� �(�i�n� �o�t�h�e�r� �w�o�r�d�s�,� �O�l�d�e�n�b�u�r�g� �a�l�w�a�y�s� �w�r�o�t�e� �t�o� 
�h�i�m� �i�n� �h�i�s� �c�a�p�a�c�i�t�y� �a�s� �s�e�c�r�e�t�a�r�y� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�)� �[�1�7� �A�p�r�i�l� �1�6�8�6�,� 
�B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �V�o�l�.� �4�,� �5�0�4�]�.� �H�o�w�e�v�e�r�,� �O�l�d�e�n�b�u�r�g� �c�o�n�t�i�n�u�e�d� �t�o� �s�i�d�e� �w�i�t�h� 
�H�e�v�e�l�i�u�s� �i�n� �t�h�e� �d�i�s�p�u�t�e�.� 
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�b�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� �a�n�d� �H�o�o�k�e�.�?�°�!� �A�l�t�h�o�u�g�h� �H�e�v�e�l�i�u�s� �w�a�s� �a�w�a�r�e� �o�f� 

�F�l�a�m�s�t�e�e�d�'�s� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �h�e� �r�e�s�p�e�c�t�e�d� 

�F�l�a�m�s�t�e�e�d� �a�s� �h�e� �w�a�s� �a� �"�p�r�o�p�e�r�"� �a�s�t�r�o�n�o�m�e�r� �w�h�o� �r�e�g�u�l�a�r�l�y� 

�p�e�r�f�o�r�m�e�d� �o�b�s�e�r�v�a�t�i�o�n�s�,� �a�n�d� �d�i�d� �n�o�t� �m�o�c�k� �t�h�e� �w�o�r�k� �o�f� 

�o�t�h�e�r�s�.�?�°�2� �N�e�v�e�r�t�h�e�l�e�s�s�,� �e�v�e�n� �t�h�o�u�g�h� �F�l�a�m�s�t�e�e�d� �r�e�s�p�e�c�t�e�d� �t�h�e� 

�l�a�b�o�r�s� �o�f� �H�e�v�e�l�i�u�s�,� �h�e� �f�e�l�t� �i�t� �w�a�s� �i�m�p�o�r�t�a�n�t� �t�o� �p�o�i�n�t� �o�u�t� 

�H�e�v�e�l�i�u�s�'� �e�r�r�o�r�s� �w�h�i�c�h� �w�e�r�e� �d�u�e� �t�o� �h�i�s� �u�s�e� �o�f� �o�p�e�n� �s�i�g�h�t�s�.� 

�A�s� �F�l�a�m�s�t�e�e�d� �w�a�s� �a�w�a�r�e� �o�f� �H�o�o�k�e�'�s� �a�c�r�i�m�o�n�i�o�u�s� �a�t�t�a�c�k�s� �o�n� 

�H�e�v�e�l�i�u�s�'� �w�o�r�k�,� �h�e� �o�f�f�e�r�e�d� �"�t�o� �d�e�f�e�n�d� �H�e�v�e�l�i�u�s� �a�g�a�i�n�s�t� 

�H�o�o�k�e�'�s� �c�r�i�t�i�c�i�s�m�s�,� �e�x�p�e�c�t�i�n�g� �t�h�a�t� �t�h�e� �l�a�t�t�e�r� �w�i�l�l� �a�c�c�o�m�p�l�i�s�h� 

�l�i�t�t�l�e� �b�y� �w�a�y� �o�f� �s�o�l�i�d� �o�b�s�e�r�v�a�t�i�o�n�.�"�*�°�3� �D�e�s�p�i�t�e� �F�l�a�m�s�t�e�e�d�'�s� 

�s�u�p�p�o�r�t�,� �h�o�w�e�v�e�r�,� �H�e�v�e�l�i�u�s�'� �r�e�p�l�y� �w�a�s� �s�o�m�e�w�h�a�t� �i�n�d�i�g�n�a�n�t� �a�s� 

�h�e� �p�r�o�t�e�s�t�e�d� �t�h�a�t� �n�o�t� �a�l�l� �t�h�e� �d�i�s�c�r�e�p�a�n�c�i�e�s� �i�n� �h�i�s� 

�m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �d�u�e� �t�o� �o�b�s�e�r�v�a�t�i�o�n�a�l� �e�r�r�o�r�s�.�?�®�!� �B�y� �J�a�n�u�a�r�y� 

�1�6�7�7�,� �H�e�v�e�l�i�u�s�'� �b�i�t�t�e�r�n�e�s�s� �t�o�w�a�r�d�s� �H�o�o�k�e�'�s� �p�u�b�l�i�c�a�t�i�o�n�,� 

�t�o�g�e�t�h�e�r� �w�i�t�h� �F�l�a�m�s�t�e�e�d�'�s� �s�t�r�i�c�t�u�r�e�s�,� �l�e�d� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� 

�t�o� �a�s�s�u�r�e� �H�e�v�e�l�i�u�s� �"�t�h�a�t� �w�h�a�t� �M�r�.� �H�o�o�k�e� �h�a�d� �p�u�b�l�i�s�h�e�d� �a�g�a�i�n�s�t� 

� � 

�2�6�1� �B�é�z�i�a�t�,� �"�L�a� �v�i�e�,�"� �6�1�4�.� �F�l�a�m�s�t�e�e�d�,� �i�n� �h�i�s� �n�e�w�,� �m�o�r�e� �p�o�w�e�r�f�u�l� 
�p�o�s�i�t�i�o�n�,� �n�o� �d�o�u�b�t� �f�e�l�t� �t�h�a�t� �i�t� �w�a�s� �n�e�c�e�s�s�a�r�y� �t�o� �v�i�n�d�i�c�a�t�e� �t�h�e� �p�r�e�c�i�s�i�o�n� 
�o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.� 
�2�6�2� �H�e�v�e�l�i�u�s� �t�o� �O�l�d�e�n�b�u�r�g�,� �1�1� �M�a�r�c�h� �1�6�7�6�,� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� 
�V�o�l�.� �1�2�,� �2�1�6�.� 
�2�6�3� �2�0� �J�u�l�y� �1�6�7�6�,� �I�b�i�d�.�,� �V�o�l�.� �1�3�,� �2�0� �n�.�1�.� �T�h�e� �e�d�i�t�o�r�s� �h�a�v�e� �p�a�r�a�p�h�r�a�s�e�d� 
�t�h�e� �l�e�t�t�e�r� �f�r�o�m� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �M�S�.� �F�.�1�,� �n�o�.� �1�1�8�.� 
�2�6�4� �2�3� �D�e�c�e�m�b�e�r� �1�6�7�6�,� �p�a�r�a�p�h�r�a�s�e�d� �i�n� �E�r�i�c� �G�.� �F�o�r�b�e�s�,�  ��E�a�r�l�y� �A�s�t�r�o�n�o�m�i�c�a�l� 
�R�e�s�e�a�r�c�h�e�s� �o�f� �J�o�h�n� �F�l�a�m�s�t�e�e�d�,�"� �J�o�u�r�n�a�l� �f�o�r� �t�h�e� �H�i�s�t�o�r�y� �o�f� �A�s�t�r�o�n�o�m�y� �7� 
�(�1�9�7�6�)�:� �1�3�3�-�1�3�4�.� �F�o�r�b�e�s� �r�e�c�a�l�c�u�l�a�t�e�d� �t�h�e� �f�i�g�u�r�e�s� �f�o�r� �t�h�e� �c�o�m�e�t� �o�f� �1�6�8�0�,� 

�t�h�e� �o�b�j�e�c�t� �o�f� �H�e�v�e�l�i�u�s� �a�n�d� �F�l�a�m�s�t�e�e�d�'�s� �d�i�s�a�g�r�e�e�m�e�n�t�,� �a�n�d� �c�o�m�p�a�r�e�d� �t�h�e�m� 
�w�i�t�h� �F�l�a�m�s�t�e�e�d�'�s� �f�i�g�u�r�e�s�.� �H�e�v�e�l�i�u�s� �w�a�s� �s�i�x�t�y� �t�i�m�e�s� �m�o�r�e� �a�c�c�u�r�a�t�e� �t�h�a�n� 
�F�l�a�m�s�t�e�e�d� �(�I�b�i�d�.�,� �1�3�4�)�!� 
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�h�i�m�,� �w�a�s� �d�o�n�e� �w�i�t�h�o�u�t� �a�n�y� �a�p�p�r�o�b�a�t�i�o�n� �o�r� �c�o�u�n�t�e�n�a�n�c�e� �f�r�o�m� �t�h�e� 

�S�o�c�i�e�t�y�.� �"�2�5� 

�F�l�a�m�s�t�e�e�d�'�s� �c�r�i�t�i�c�i�s�m�s� �a�g�a�i�n�s�t� �H�e�v�e�l�i�u�s� �r�e�s�u�l�t�e�d� �i�n� �a� 

�t�e�m�p�o�r�a�r�y� �r�i�f�t� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �a�s� �H�e�v�e�l�i�u�s� �w�a�s� �c�o�n�v�i�n�c�e�d� �t�h�a�t� 

�F�l�a�m�s�t�e�e�d� �a�n�d� �H�o�o�k�e� �h�a�d� �j�o�i�n�e�d� �f�o�r�c�e�s� �a�g�a�i�n�s�t� �h�i�m�:� 

�A�n�y�b�o�d�y� �w�h�o� �r�e�a�d�s� �y�o�u�r� �l�e�t�t�e�r� �w�i�l�l� �u�n�d�o�u�b�t�e�d�l�y� 
�s�a�y� �t�h�a�t� �y�o�u� �a�r�e� �d�o�i�n�g� �w�i�t�h� �a�l�l� �y�o�u�r� �s�t�r�e�n�g�t�h� 
�a�n�d� �i�n� �f�a�c�t� �w�i�t�h� �b�e�t�t�e�r� �w�e�a�p�o�n�s� �t�h�e� �s�a�m�e� �t�h�i�n�g� 
�a�s� �H�o�o�k�e� �i�s� �t�r�y�i�n�g� �t�o� �p�r�o�v�e� �w�i�t�h� �l�e�s�s�e�r� �o�n�e�s�:� 
�n�a�m�e�l�y�,� �t�h�a�t� �I� �c�a�n�n�o�t� �m�e�a�s�u�r�e� �d�i�s�t�a�n�c�e�s� �w�i�t�h� 
�m�y� �s�e�x�t�a�n�t�s�,� �t�h�a�t� �i�s� �w�i�t�h� �t�h�e� �n�a�k�e�d� �e�y�e�,� 
�e�x�c�e�p�t� �t�o� �t�h�r�e�e� �o�r� �a�t� �m�o�s�t� �t�o� �t�w�o� �w�h�o�l�e� 
�m�i�n�u�t�e�s�.� �.� �.� �.� �I� �w�e�l�l� �k�n�o�w� �n�o�w� �t�h�a�t� �I� �s�h�a�l�l� 
�l�a�b�o�u�r� �i�n� �v�a�i�n� �w�i�t�h� �y�o�u�,� �s�i�n�c�e� �I� �p�e�r�c�e�i�v�e� 
�a�b�u�n�d�a�n�t�l�y� �c�l�e�a�r�l�y� �t�h�a�t� �y�o�u� �w�i�l�l� �n�e�v�e�r� �a�g�r�e�e� 
�w�i�t�h� �m�e� �w�h�a�t�e�v�e�r� �o�t�h�e�r� �a�r�g�u�m�e�n�t� �I� �p�r�o�d�u�c�e� �a�n�d� 
�h�o�w�e�v�e�r� �m�a�n�y� �m�o�r�e� �o�b�s�e�r�v�a�t�i�o�n�s� �I� �a�d�d�u�c�e� �t�o� �t�h�e� 
�c�o�n�t�r�a�r�y�.� �?�®� 

�F�l�a�m�s�t�e�e�d�'�s� �p�r�e�v�i�o�u�s� �s�u�p�p�o�r�t� �w�a�s� �n�o�t� �e�n�o�u�g�h� �t�o� �p�l�a�c�a�t�e� 

�H�e�v�e�l�i�u�s� �w�h�o� �a�s�k�e�d� �F�l�a�m�s�t�e�e�d� �t�o� �a�l�l�o�w� �h�i�m� �t�o� �h�i�s� �o�w�n� �o�p�i�n�i�o�n�,� 

�a�s� �h�e� �w�o�u�l�d� �a�l�l�o�w� �F�l�a�m�s�t�e�e�d� �t�o� �h�i�s�.�?�° �� �O�n� �A�p�r�i�l� �5�,� �1�6�7�7�,� 

�F�l�a�m�s�t�e�e�d� �a�s�k�e�d� �O�l�d�e�n�b�u�r�g� �t�o� �i�n�f�o�r�m� �H�e�v�e�l�i�u�s� �t�h�a�t� �h�e� �h�a�d� �n�o�t� 

�j�o�i�n�e�d� �f�o�r�c�e�s� �w�i�t�h� �H�o�o�k�e�,�2�°�8�§� �a�n�d� �O�l�d�e�n�b�u�r�g� �u�l�t�i�m�a�t�e�l�y� �w�a�s� �a�b�l�e� 

�t�o� �r�e�a�s�s�u�r�e� �H�e�v�e�l�i�u�s� �o�n� �t�h�e� �v�e�r�i�t�y� �o�f� �t�h�e� �f�a�c�t�.�?�°�?� �H�e�v�e�l�i�u�s� 
� � 

�2�6�5� �2�5� �J�a�n�u�a�r�y� �1�6�7�7�,� �B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �V�o�l�.� �3�,� �3�3�2�.� �T�h�i�s� �d�e�c�i�s�i�o�n� �c�a�m�e� 
�t�h�r�e�e� �y�e�a�r�s� �a�f�t�e�r� �H�o�o�k�e�'�s� �p�u�b�l�i�c�a�t�i�o�n�!� 
�2�6�6� �H�e�v�e�l�i�u�s� �t�o� �F�l�a�m�s�t�e�e�d�,� �2�3� �D�e�c�e�m�b�e�r� �1�6�7�6�,� �F�o�r�b�e�s�,� �E�a�r�l�y�,� �1�3�3�-�1�3�4�;� 
�F�o�r�b�e�s�,� �G�r�e�s�h�a�m�,� �3�7�.� 

�2�6�7� �2�3� �D�e�c�e�m�b�e�r� �1�6�7�6�,� �i�n� �T�h�e� �G�r�e�s�h�a�m� �L�e�c�t�u�r�e�s� �o�f� �J�o�h�n� �F�l�a�m�s�t�e�e�d�,� �e�d�.� 
�E�r�i�c� �G�.� �F�o�r�b�e�s� �(�L�o�n�d�o�n�:� �M�a�n�s�e�l�l� �I�n�f�o�r�m�a�t�i�o�n�/�P�u�b�l�i�s�h�i�n�g� �L�i�m�i�t�e�d�,� �1�9�7�5�)�,� 
�3�7�;� �a�n�d� �?�2� �J�a�n�u�a�r�y� �1�6�7�7� �i�n� �E�.�F�.� �M�a�c�P�i�k�e�,� �H�e�v�e�l�i�u�s�,� �F�l�a�m�s�t�e�e�d�,� �a�n�d� 

�2� �f�]� �O�U�C�e�M�p�P�o�r�d� �A�S� �Q�U�O�M�E� �A�G� � � � � � � � 
�(�L�o�n�d�o�n�:� �T�a�y�l�o�r� �a�n�d� �F�r�a�n�c�i�s�,� �L�t�d�.�,� �1�9�3�7�)�,� �8�0�-�8�1�.� 

�2�6�8� �H�a�l�l� �a�n�d� �H�a�l�l�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �1�3�,� �2�3�6�.� 
�2�6�9� �1�9� �A�p�r�i�l� �1�6�7�7�,� �I�b�i�d�.�,� �2�4�7�-�2�4�8�.� �H�o�o�k�e� �a�n�d� �F�l�a�m�s�t�e�e�d�'�s� �a�d�v�e�r�s�e� 
�a�t�t�i�t�u�d�e�s� �t�o�w�a�r�d�s� �e�a�c�h� �o�t�h�e�r� �a�r�e� �e�v�i�n�c�e�d� �b�y� �t�w�o� �e�n�t�r�i�e�s� �i�n� �H�o�o�k�e�'�s� 
�d�i�a�r�y�.� �W�h�e�n� �H�o�o�k�e� �s�h�o�w�e�d� �h�i�s� �q�u�a�d�r�a�n�t� �d�e�s�i�g�n� �t�o� �F�l�a�m�s�t�e�e�d� �i�n� �1�6�7�4�,� 
�F�l�a�m�s�t�e�e�d� �w�a�s� �n�o�t� �i�m�p�r�e�s�s�e�d�,� �a�n�d� �H�o�o�k�e� �w�r�o�t�e� �f�o�r� �M�a�y� �2�8�,� �"�I� �s�h�e�w�d� 
�F�l�a�m�s�t�e�e�d� �m�y� �q�u�a�d�r�a�n�t�.� �H�e� �i�s� �a� �c�o�n�c�e�i�t�e�d� �c�o�c�k�s� �c�o�m�b�"� �(�p�.� �1�0�5�)�.� �I�n� �t�h�e� 
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�r�e�s�p�o�n�d�e�d� �t�h�a�t� �h�e� �w�a�s� �n�o�t� �o�f�f�e�n�d�e�d�,� �a�n�d� �t�h�a�t� �h�e� �o�n�l�y� �w�i�s�h�e�d� 

�t�h�a�t� �F�l�a�m�s�t�e�e�d� �n�o�t� �d�e�b�a�s�e� �a�l�l� �h�i�s� �o�b�s�e�r�v�a�t�i�o�n�s� �w�i�t�h�o�u�t� �h�a�v�i�n�g� 

�s�e�e�n� �t�h�e�m� �f�i�r�s�t�.�?�?�7�°� �F�o�r� �h�i�s� �p�a�r�t�,� �t�h�o�u�g�h� �F�l�a�m�s�t�e�e�d� �r�e�m�a�i�n�e�d� �a� 

�f�i�r�m� �a�d�v�o�c�a�t�e� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �h�e� �c�o�n�t�i�n�u�e�d� �t�o� �r�e�s�p�e�c�t� 

�H�e�v�e�l�i�u�s�'� �w�o�r�k� �a�n�d� �t�h�e� �m�e�r�i�t� �o�f� �h�i�s� �o�b�s�e�r�v�a�t�i�o�n�s�.� 

�T�h�e� �i�n�c�i�d�e�n�t� �b�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� �a�n�d� �F�l�a�m�s�t�e�e�d� �i�n�t�e�n�s�i�f�i�e�d� 

�H�e�v�e�l�i�u�s�'� �c�o�n�c�e�r�n� �b�e�c�a�u�s�e� �F�l�a�m�s�t�e�e�d�'�s� �v�i�e�w�s� �h�a�d� �t�o� �b�e� �t�a�k�e�n� 

�m�o�r�e� �s�e�r�i�o�u�s�l�y� �t�h�a�n� �t�h�o�s�e� �o�f� �H�o�o�k�e�.� �A�s� �O�l�d�e�n�b�u�r�g�,� �F�l�a�m�s�t�e�e�d�,� 

�a�n�d� �c�e�r�t�a�i�n� �o�t�h�e�r� �m�e�m�b�e�r�s� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �b�e�c�a�m�e� 

�i�n�c�r�e�a�s�i�n�g�l�y� �u�n�c�o�m�f�o�r�t�a�b�l�e� �w�i�t�h� �t�h�e� �s�i�t�u�a�t�i�o�n�,� �y�o�u�n�g� �E�d�m�o�n�d� 

�H�a�l�l�e�y� �d�e�c�i�d�e�d� �t�o� �v�i�s�i�t� �H�e�v�e�l�i�u�s� �i�n� �D�a�n�z�i�g� �i�n� �1�6�7�9�.�2�7�!� 

�H�e�v�e�l�i�u�s� �w�a�s� �d�e�l�i�g�h�t�e�d� �t�h�a�t� �a�n� �E�n�g�l�i�s�h� �a�s�t�r�o�n�o�m�e�r� �a�n�d� �a� 

�p�r�o�p�o�n�e�n�t� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �w�o�u�l�d� �f�i�n�a�l�l�y� �c�o�m�e� �t�o� �o�b�s�e�r�v�e� 

�f�o�r� �h�i�m�s�e�l�f� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �H�e�v�e�l�i�u�s�'� �i�n�s�t�r�u�m�e�n�t�s�.�? ��2� �W�h�e�n� �h�e� 

�a�r�r�i�v�e�d� �i�n� �m�i�d�-�M�a�y�,� �H�a�l�l�e�y� �a�n�d� �H�e�v�e�l�i�u�s� �c�a�r�r�i�e�d� �o�u�t� �a� �s�e�r�i�e�s� 

�o�f� �o�b�s�e�r�v�a�t�i�o�n�s� �t�o�g�e�t�h�e�r�,� �w�i�t�h� �H�a�l�l�e�y� �u�s�i�n�g� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� 

�h�e� �h�a�d� �b�r�o�u�g�h�t� �a�l�o�n�g� �w�i�t�h� �h�i�m�,� �w�h�e�r�e�a�s� �H�e�v�e�l�i�u�s� �u�s�e�d� �h�i�s� �o�w�n� 

�o�p�e�n�-�s�i�g�h�t� �i�n�s�t�r�u�m�e�n�t�s�.� �H�a�l�l�e�y� �s�e�n�t� �s�e�v�e�r�a�l� �l�e�t�t�e�r�s� �t�o� 

� � 

�e�n�t�r�y� �f�o�r� �N�o�v�e�m�b�e�r� �2�7�,� �1�6�7�7�,� �t�h�e� �y�e�a�r� �o�f� �O�l�d�e�n�b�u�r�g�'�s� �l�e�t�t�e�r�,� �H�o�o�k�e� 
�r�e�c�o�r�d�e�d�,� �"�A�t� �T�o�m�p�i�o�n�s�.� �F�l�a�m�s�t�e�e�d� �a�n� �I�g�n�o�r�a�n�t� �i�m�p�u�d�e�n�t� �A�s�s�e�"� �(�p�.� �3�3�0�)� 
�[�b�o�t�h� �i�n� �T�h�e� �D�i�a�r�y� �o�f� �R�o�b�e�r�t� �H�o�o�k�e� �e�d�s�.� �H�.�W�.� �R�o�b�i�n�s�o�n� �a�n�d� �W�.� �A�d�a�m�s� 
�(�L�o�n�d�o�n�,� �1�9�3�5�)�;� �c�i�t�e�d� �i�n� �B�e�n�n�e�t�t�,� �D�i�v�i�d�e�d�,� �6�9�]�.� 

�2�7�0� �2�8� �N�o�v�e�m�b�e�r� �1�6�7�7�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �V�o�l�.� �1�3�,� �3�6�3�.� �O�l�d�e�n�b�u�r�g� �n�e�v�e�r� �h�a�d� 
�a� �c�h�a�n�c�e� �t�o� �r�e�a�d� �t�h�i�s� �l�e�t�t�e�r� �a�s� �h�e� �d�i�e�d� �b�e�f�o�r�e� �i�t� �r�e�a�c�h�e�d� �E�n�g�l�a�n�d�.� 
�2�7�1� �M�a�c�P�i�k�e� �s�u�g�g�e�s�t�s� �t�h�a�t� �F�l�a�m�s�t�e�e�d� �g�a�v�e� �H�a�l�l�e�y� �t�h�e� �i�d�e�a� �f�o�r� �t�h�e� �v�i�s�i�t� 
�s�i�n�c�e� �t�h�e�r�e� �w�a�s� �n�o� �r�e�a�s�o�n� �f�o�r� �H�a�l�l�e�y� �t�o� �b�e� �i�n�t�e�r�e�s�t�e�d� �i�n� �o�l�d�-�f�a�s�h�i�o�n�e�d� 
�i�n�s�t�r�u�m�e�n�t�s� �(�M�a�c�P�i�k�e�,� �H�e�v�e�l�i�u�s�,� �8�5�)�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �y�o�u�n�g� �H�a�l�l�e�y� �c�o�u�l�d� 

�n�o�t� �t�u�r�n� �d�o�w�n� �t�h�e� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �m�e�e�t� �t�h�e� �g�r�e�a�t� �E�u�r�o�p�e�a�n� �a�s�t�r�o�n�o�m�e�r�,� �a�n�d� 
�b�e�c�o�m�e� �f�a�m�i�l�i�a�r� �w�i�t�h� �h�i�s� �i�n�s�t�r�u�m�e�n�t�s� �w�h�i�c�h� �w�e�r�e� �s�l�o�w�l�y� �b�e�i�n�g� �p�h�a�s�e�d� �o�u�t�.� 
�2�7�2� �S�e�e� �"�M�e�m�o�i�r�"� �b�y� �?�M�a�r�t�i�n� �F�o�l�k�e�s� �a�n�d� �"�E�l�o�g�e� �d�e� �M�.� �H�a�l�l�e�y�"� �b�y� �D ��O�r�t�o�u�s� 
�d�e� �M�a�i�r�a�n�,� �b�o�t�h� �i�n� �E�.� �H�a�l�l�e�y�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e� �a�n�d� �P�a�p�e�r�s� �o�f� �E�d�m�o�n�d� 
�H�a�l�l�e�y�,� �e�d�.� �E�.�F�.� �M�a�c�P�i�k�e� �(�N�e�w� �Y�o�r�k�:� �A�r�n�o� �P�r�e�s�s�,� �1�9�7�5�)�,� �3�-�4�,� �1�8�.� 

�8�1



�F�l�a�m�s�t�e�e�d� �a�n�d� �t�o� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�,� �w�h�e�r�e� �h�e� �e�x�p�r�e�s�s�e�d� �h�i�s� 

�a�s�t�o�n�i�s�h�m�e�n�t� �a�t� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �H�e�v�e�l�i�u�s�'� �m�e�a�s�u�r�e�m�e�n�t�s� �w�h�i�c�h� 

�w�e�r�e� �r�e�p�e�a�t�e�d� �s�e�v�e�r�a�l� �t�i�m�e�s�.�?�7�3� 

�A�t� �H�e�v�e�l�i�u�s�'� �r�e�q�u�e�s�t�,� �H�a�l�l�e�y� �l�e�f�t� �b�e�h�i�n�d� �a� �t�e�s�t�i�m�o�n�i�a�l� 

�l�e�t�t�e�r� �w�h�i�c�h� �a�t�t�e�s�t�e�d� �h�i�s� �h�i�g�h� �e�s�t�e�e�m� �f�o�r� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� 

�H�e�v�e�l�i�u�s�'� �o�p�e�n�-�s�i�g�h�t� �o�b�s�e�r�v�a�t�i�o�n�s�.�? ��4� �I�n� �t�h�e� �l�e�t�t�e�r�,� �H�a�l�l�e�y� 

�S�t�a�t�e�d� �t�h�a�t� �h�e� �w�a�s� �"�a�b�u�n�d�a�n�t�l�y� �s�a�t�i�s�f�i�e�d� �o�f� �t�h�e� �u�s�e� �a�n�d� 

�c�e�r�t�a�i�n�t�y� �o�f� �[�H�e�v�e�l�i�u�s�'�]� �i�n�s�t�r�u�m�e�n�t�s� �a�n�d� �o�b�s�e�r�v�a�t�i�o�n�s�,� �"�?�!�5� �a�n�d� 

�h�e� �w�o�n�d�e�r�e�d� �w�h�y� �h�e� �e�v�e�r� �d�o�u�b�t�e�d� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s� 

�b�y� �o�p�e�n� �s�i�g�h�t�s�,� �r�e�a�d�i�l�y�  ��o�f�f�e�r�[�i�n�g�]� �h�i�m�s�e�l�f� �a� �v�o�l�u�n�t�a�r�y� 

�w�i�t�n�e�s�s�,� �(�o�f� �t�h�e� �a�l�m�o�s�t�-�i�n�c�r�e�d�i�b�l�e� �c�e�r�t�a�i�n�t�y� �o�f� �t�h�o�s�e� �h�i�s� 

�i�n�s�t�r�u�m�e�n�t�s�)� �a�g�a�i�n�s�t� �a�l�l� �w�h�o� �s�h�a�l�l� �f�o�r� �t�h�e� �f�u�t�u�r�e� �c�a�l�l� 

�[�H�e�v�e�l�i�u�s�'�]� �o�b�s�e�r�v�a�t�i�o�n�s� �i�n� �q�u�e�s�t�i�o�n�.�"�?�7�6� 

�O�n� �S�e�p�t�e�m�b�e�r� �2�6�,� �1�6�7�9�,� �w�h�i�l�e� �H�e�v�e�l�i�u�s� �w�a�s� �a�w�a�y� �f�r�o�m� �h�i�s� 

�o�b�s�e�r�v�a�t�o�r�y�,� �a� �s�e�r�v�a�n�t� �o�f� �h�i�s�,� �i�n�a� �f�i�t� �o�f� �v�e�n�g�e�a�n�c�e�,� �s�t�a�r�t�e�d� 

�a� �f�i�r�e� �w�h�i�c�h� �e�v�e�n�t�u�a�l�l�y� �b�u�r�n�e�d� �d�o�w�n� �t�h�e� �o�b�s�e�r�v�a�t�o�r�y�,� �m�a�n�y� �o�f� 

�H�e�v�e�l�i�u�s�'� �m�a�n�u�s�c�r�i�p�t�s�,� �a�n�d� �a�l�l� �o�f� �h�i�s� �i�n�s�t�r�u�m�e�n�t�s�.�?�7�?�7� 

�C�a�p�e�l�l�u�s�,� �a� �k�i�n�s�m�a�n� �o�f� �H�e�v�e�l�i�u�s�,� �i�n�f�o�r�m�e�d� �H�e�v�e�l�i�u�s�'� �b�r�o�t�h�e�r� 

�o�f� �t�h�e� �l�o�s�s�e�s� �w�h�i�c�h� �w�e�r�e� �i�n�c�u�r�r�e�d�:� �a�l�m�o�s�t� �a�l�l� �o�f� �h�i�s� �u�n�b�o�u�n�d� 

�b�o�o�k�s� �(�i�n�c�l�u�d�i�n�g� �M�a�c�h�i�n�a� �c�o�e�l�e�s�t�i�s�)�,� �a�l�l� �o�f� �h�i�s� �i�n�s�t�r�u�m�e�n�t�s�,� 

� � 

�2�7�3� �H�a�l�l�e�y� �t�o� �F�l�a�m�s�t�e�e�d�,� �7� �J�u�n�e� �1�6�7�9�,� �M�a�c�P�i�k�e�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �4�3�;� 
�B�i�r�c�h�,� �V�o�l�.� �3�,� �4�8�8�;� �a�n�d� �F�o�l�k�e�s�,� �"�M�e�m�o�i�r�,�"� �i�n� �M�a�c�P�i�k�e�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �4�.� 
�A�l�t�h�o�u�g�h� �t�h�e�r�e� �w�e�r�e� �d�i�s�c�r�e�p�a�n�c�i�e�s� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �s�e�t�s� �o�f� �o�b�s�e�r�v�a�t�i�o�n�s�,� 
�H�a�l�l�e�y� �w�r�o�t�e� �t�h�a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �n�e�g�l�i�g�i�b�l�e� �(�S�i�m�m�s�,� �M�o�l�y�n�e�u�x�,� �2�5�)�.� 

�2�7�4� �D�a�t�e�d� �8�/�1�8� �J�u�l�y� �1�6�7�9�.� �H�a�l�l�e�y� �e�v�e�n�t�u�a�l�l�y� �r�e�g�r�e�t�t�e�d� �l�e�a�v�i�n�g� �w�r�i�t�t�e�n� 
�t�e�s�t�i�m�o�n�y� �b�e�h�i�n�d�.� 
�2�7�5� �T�r�a�n�s�l�a�t�e�d� �f�r�o�m� �t�h�e� �L�a�t�i�n� �b�y� �W�a�l�l�i�s� �i�n� �P�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s�,� 
�V�o�l�.� �1�5�,� �n�o�.� �1�7�5�,� �1�1�6�8�-�1�1�6�9�.� 

�2�7�6� �T�h�i�d�.� 
�2�7�7� �B�é�z�i�a�t�,� �"�L�a� �v�i�e�,�"� �6�2�3�.� 

�8�2



�s�e�v�e�n� �b�u�i�l�d�i�n�g�s�,� �a�n�d� �m�o�s�t� �o�f� �t�h�e� �h�o�u�s�e�h�o�l�d� �i�t�e�m�s�.� 

�F�o�r�t�u�n�a�t�e�l�y�,� �K�e�p�l�e�r�'�s� �m�a�n�u�s�c�r�i�p�t�s�,� �H�e�v�e�l�i�u�s�'� �c�o�r�r�e�s�p�o�n�d�e�n�c�e�,� 

�a�n�d� �m�o�s�t� �o�f� �h�i�s� �b�o�u�n�d� �b�o�o�k�s� �(�i�n�c�l�u�d�i�n�g� �h�i�s� �s�t�a�r� �c�a�t�a�l�o�g�)� �w�e�r�e� 

�s�a�v�e�d�.�? ��8� �D�e�s�p�i�t�e� �H�e�v�e�l�i�u�s�'� �d�e�v�a�s�t�a�t�i�o�n� �a�t� �t�h�e� �d�a�m�a�g�e� �c�a�u�s�e�d� 

�b�y� �t�h�e� �f�i�r�e�,� �h�e� �i�m�m�e�d�i�a�t�e�l�y� �b�e�g�a�n� �r�e�b�u�i�l�d�i�n�g� �h�i�s� �o�b�s�e�r�v�a�t�o�r�y� 

�a�n�d� �r�e�p�l�a�c�i�n�g� �i�t� �w�i�t�h� �n�e�w� �i�n�s�t�r�u�m�e�n�t�s�.�?�?� 

�2� �l�i� �F�e�r�i� �|�_�t�h�e� �D�e�a�t�h� �o�f� �L�i� �a� �e�+� 

�I�n� �t�h�e� �y�e�a�r�s� �f�o�l�l�o�w�i�n�g� �t�h�e� �f�i�r�e�,� �H�e�v�e�l�i�u�s�'� 

�c�o�r�r�e�s�p�o�n�d�e�n�c�e� �w�i�t�h� �m�e�m�b�e�r�s� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �m�u�c�h� 

�d�e�c�r�e�a�s�e�d� �-�-� �t�o� �a� �l�a�r�g�e� �p�a�r�t� �b�e�c�a�u�s�e� �o�f� �O�l�d�e�n�b�u�r�g�'�s� �d�e�a�t�h� �i�n� 

�1�6�7�7�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �H�e�v�e�l�i�u�s� �k�e�p�t� �h�i�m�s�e�l�f� �b�u�s�y� �b�y� �r�e�b�u�i�l�d�i�n�g� 

�h�i�s� �o�b�s�e�r�v�a�t�o�r�y�,� �a�n�d� �i�n� �1�6�8�5�,� �h�e� �p�u�b�l�i�s�h�e�d� �w�h�a�t� �w�a�s� �t�o� �b�e�c�o�m�e� 

�h�i�s� �l�a�s�t� �w�o�r�k�,� �t�h�e� �A�n�n�u�s� �c�l�i�m�a�c�t�e�r�i�c�u�s�.�?�8�°� �S�i�n�c�e� �t�h�i�s� �w�a�s� �a� 

�h�i�s�t�o�r�y� �o�f� �t�h�e� �c�o�n�t�r�o�v�e�r�s�y� �b�e�t�w�e�e�n� �H�e�v�e�l�i�u�s� �a�n�d� �H�o�o�k�e�,� �i�t� 

�b�r�o�u�g�h�t� �a�t�t�e�n�t�i�o�n� �t�o� �t�h�e� �o�l�d� �q�u�a�r�r�e�l� �o�n�c�e� �m�o�r�e�.� �T�h�e� �t�i�t�l�e� 

�r�e�f�e�r�r�e�d� �t�o� �t�h�e� �y�e�a�r� �1�6�7�9�,� �a� �y�e�a�r� �w�h�i�c�h� �b�e�g�a�n� �s�o� �a�u�s�p�i�c�i�o�u�s�l�y� 

�f�o�r� �H�e�v�e�l�i�u�s� �w�i�t�h� �H�a�l�l�e�y�'�s� �v�i�s�i�t�,� �b�u�t� �e�n�d�e�d� �t�r�a�g�i�c�a�l�l�y� �w�i�t�h� 

�t�h�e� �f�i�r�e�.�?�8�!� �W�i�t�h� �g�r�e�a�t� �d�e�t�a�i�l�,� �H�e�v�e�l�i�u�s� �r�e�c�o�u�n�t�e�d� �H�a�l�l�e�y�'�s� 

�v�i�s�i�t�,� �a�n�d� �r�e�p�r�i�n�t�e�d� �t�w�e�n�t�y�-�s�e�v�e�n� �l�e�t�t�e�r�s� �f�r�o�m� �i�n�d�i�v�i�d�u�a�l�s� 
� � 

�2�7�8� �C�a�p�e�l�l�u�s�,� �"�A� �L�e�t�t�e�r� �o�n� �t�h�e� �H�e�v�e�l�i�a�n� �C�o�n�f�l�a�g�r�a�t�i�o�n�.� �.� �.� �.!"� �(�1�6�7�9�)�,� �i�n� 
�M�a�c�P�i�k�e�,� �H�e�v�e�l�i�u�s�,� �1�0�9�-�1�1�0�.� 
�2�7�9� �v�o�l�k�o�f�f� �e�t� �a�l�.�,� �H�e�v�e�l�i�u�s�,� �4�.� �U�n�f�o�r�t�u�n�a�t�e�l�y�,� �t�h�e� �n�e�w�e�r� �i�n�s�t�r�u�m�e�n�t�s� 
�d�i�d� �n�o�t� �c�o�m�p�a�r�e� �w�i�t�h� �t�h�e� �p�r�e�v�i�o�u�s� �o�n�e�s�.� 
�2�8�0� �H�i�s� �g�r�e�a�t� �s�t�a�r� �c�a�t�a�l�o�g� �a�n�d� �o�t�h�e�r� �w�o�r�k�s� �w�e�r�e� �p�u�b�l�i�s�h�e�d� �p�o�s�t�h�u�m�o�u�s�l�y�,� 
�i�n� �1�6�9�0�,� �b�y� �h�i�s� �w�i�f�e� �E�l�i�z�a�b�e�t�h�a�.� 
�2�8�1� �B�é�z�i�a�t�,�  ��L�a� �v�i�e�,�"� �6�3�2�.� �S�e�e� �a�l�s�o� �V�o�l�k�o�f�f� �e�t� �a�l�.�,� �H�e�v�e�l�i�u�s�,� �5�6�.� 

�8�3



�w�h�o� �w�e�r�e� �p�e�r�s�o�n�a�l�l�y� �f�a�m�i�l�i�a�r� �w�i�t�h� �H�e�v�e�l�i�u�s�'� �o�b�s�e�r�v�a�t�i�o�n�s� �a�n�d� 

�i�n�s�t�r�u�m�e�n�t�s�.� �2�8�2� 

�H�e�v�e�l�i�u�s�'� �t�e�x�t� �w�a�s� �r�e�a�d�y� �b�y� �A�p�r�i�l� �1�6�8�4�,� �w�h�e�n� �h�e� �s�e�n�t� �t�h�e� 

�R�o�y�a�l� �S�o�c�i�e�t�y� �a�n�d� �s�e�v�e�r�a�l� �o�f� �i�t�s� �m�e�m�b�e�r�s�,� �i�n�c�l�u�d�i�n�g� �F�r�a�n�c�i�s� 

�A�s�t�o�n� �(�c�.�1�6�4�5�-�1�7�1�5�)� �(�t�h�e�n� �s�e�c�r�e�t�a�r�y� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�)�,� 

�W�a�l�l�i�s�,� �H�a�l�l�e�y�,� �a�n�d� �F�l�a�m�s�t�e�e�d�,� �c�o�p�i�e�s� �o�f� �t�h�e� �b�o�o�k�.�2�8�3� �I�n� 

�r�e�p�l�y� �t�o� �a� �l�e�t�t�e�r� �b�y� �A�s�t�o�n�,� �d�a�t�e�d� �F�e�b�r�u�a�r�y� �9�,� �1�6�8�5�,� �i�n� �w�h�i�c�h� 

�A�s�t�o�n� �c�l�a�i�m�e�d� �t�h�a�t� �t�h�e� �A�n�n�u�s� �c�l�i�m�a�c�t�e�r�i�c�u�s� �h�a�d� �b�e�e�n�  ��w�e�l�l�-� 

�r�e�c�e�i�v�e�d�,�"� �H�e�v�e�l�i�u�s� �s�t�a�t�e�d� �t�h�a�t� �h�e� �w�a�s� �p�l�e�a�s�e�d� �t�h�a�t� �h�i�s� �w�o�r�k� 

 ��w�a�s� �r�e�c�e�i�v�e�d� �b�y� �a�l�l� �f�r�i�e�n�d�s�,� �a�s� �w�e�l�l� �a�s� �b�y� �t�h�e� �R�o�y�a�l� 

�S�o�c�i�e�t�y�,� �w�i�t�h� �s�u�c�h� �s�e�r�e�n�e� �c�o�u�n�t�e�n�a�n�c�e�,� �"�2�8�4� 

�L�a�t�e�r� �t�h�a�t� �y�e�a�r�,� �W�a�l�l�i�s� �p�r�o�v�i�d�e�d� �a� �f�a�v�o�r�a�b�l�e� �r�e�v�i�e�w� �o�f� 

�t�h�e� �A�n�n�u�s� �c�l�i�m�a�c�t�e�r�i�c�u�s� �i�n� �t�h�e� �P�h�i�l�o�s�o�p�h�i�c�a�l� �T�r�a�n�s�a�c�t�i�o�n�s�?�®�°� 

�-�-� �a� �r�e�v�i�e�w� �w�h�i�c�h� �w�o�r�r�i�e�d� �m�a�n�y� �a�s�t�r�o�n�o�m�e�r�s�,� �i�n�c�l�u�d�i�n�g� 

�F�l�a�m�s�t�e�e�d�.� �2�8�6� �I�n� �a� �l�e�t�t�e�r� �t�o� �R�i�c�h�a�r�d� �T�o�w�n�e�l�e�y�,� �F�l�a�m�s�t�e�e�d� 

�s�u�g�g�e�s�t�e�d� �h�e� �i�g�n�o�r�e� �t�h�e� �r�e�v�i�e�w� �b�e�c�a�u�s�e� �W�a�l�l�i�s� �d�i�d� �n�o�t� 

�u�n�d�e�r�s�t�a�n�d� �t�h�e� �p�a�r�t�i�c�u�l�a�r� �a�d�v�a�n�t�a�g�e�s� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.� �2�8�?� 

�W�i�l�l�i�a�m� �M�o�l�y�n�e�u�x� �p�r�e�s�e�n�t�e�d� �t�h�e� �w�o�r�k� �t�o� �t�h�e� �D�u�b�l�i�n� 

� � 

�2�8�2� �R�é�z�i�a�t�,�  ��L�a� �v�i�e�,�"� �6�1�7�.� 
�2�8�3� �H�e�v�e�l�i�u�s� �t�o� �A�s�t�o�n�,� �A�p�r�i�l� �1�6�8�4�,� �r�e�f�e�r�r�e�d� �t�o� �i�n� �a� �l�e�t�t�e�r� �f�r�o�m� �H�.�P�.� 
�K�r�a�u�s�,� �R�a�r�e� �B�o�o�k�s� �a�n�d� �M�a�n�u�s�c�r�i�p�t�s�.� �H�o�o�k�e�,� �o�f� �c�o�u�r�s�e�,� �w�a�s� �n�o�t� �s�e�n�t� �a� 
�c�o�p�y�.� 
�2�8�4� �2�9� �D�e�c�e�m�b�e�r� �1�6�8�5�,� �I�b�i�d�.� �H�e�v�e�l�i�u�s�'� �r�e�p�l�y� �c�a�m�e� �t�e�n� �m�o�n�t�h�s� �a�f�t�e�r� 
�A�s�t�o�n�'�s� �l�e�t�t�e�r�.� �T�h�i�s� �i�s� �a� �f�u�r�t�h�e�r� �i�n�d�i�c�a�t�i�o�n� �o�f� �H�e�v�e�l�i�u�s�'� �d�i�m�i�n�i�s�h�i�n�g� 
�e�x�c�h�a�n�g�e� �o�f� �c�o�r�r�e�s�p�o�n�d�e�n�c�e� �w�i�t�h� �R�o�y�a�l� �S�o�c�i�e�t�y� �m�e�m�b�e�r�s� �(�c�o�r�r�e�s�p�o�n�d�e�n�c�e� 
�b�e�t�w�e�e�n� �O�l�d�e�n�b�u�r�g� �a�n�d� �H�e�v�e�l�i�u�s� �h�a�d� �b�e�e�n� �m�u�c�h� �m�o�r�e� �f�r�e�q�u�e�n�t�)�.� 
�2�8�5� �y�o�l�.� �1�5�,� �n�o�.� �1�7�5�.� �S�e�e� �a�l�s�o� �V�o�l�k�o�f�f� �e�t� �a�l�.�,� �H�e�v�e�l�i�u�s�,� �4�5�;� �a�n�d� �S�i�m�m�s�,� 
�M�o�l�y�n�e�u�x�,� �2�5�.� 

�2�8�6� �M�a�c�P�i�k�e�,� �H�e�v�e�l�i�u�s�,� �9�4�.� �W�a�l�l�i�s� �c�l�e�a�r�l�y� �i�n�d�i�c�a�t�e�d� �i�n� �h�i�s� �r�e�v�i�e�w� �t�h�a�t� 
�h�e� �f�a�v�o�r�e�d� �H�e�v�e�l�i�u�s�,� �a�n�d� �t�h�a�t� �H�o�o�k�e� �h�a�d� �b�e�e�n� �u�n�f�a�i�r� �i�n� �h�i�s� �a�t�t�a�c�k�s� 
�a�g�a�i�n�s�t� �H�e�v�e�l�i�u�s�.� �S�e�e� �a�l�s�o� �S�i�m�m�s�,� �M�o�l�y�n�e�u�x�,� �2�5�.� 

�2�8�7� �1�5� �M�a�r�c�h� �1�6�8�6�,� �M�a�c�P�i�k�e�,� �H�e�v�e�l�i�u�s�,� �9�5�.� 
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�P�h�i�l�o�s�o�p�h�i�c�a�l� �S�o�c�i�e�t�y� �o�n� �N�o�v�e�m�b�e�r� �9�,� �1�6�8�5�,� �a�n�d� �o�n� �N�o�v�e�m�b�e�r� 

�1�6�,� �h�e�  ��r�e�a�d� �a� �l�a�r�g�e� �d�i�s�c�o�u�r�s�e� �c�o�n�t�a�i�n�i�n�g� �h�i�s� �t�h�o�u�g�h�t�s� �o�f� 

�H�e�v�e�l�i�u�s�'�s� �A�n�n�u�s� �c�l�i�m�a�c�t�e�r�i�c�u�s�,�"� �i�n� �w�h�i�c�h� �h�e� �d�e�m�o�n�s�t�r�a�t�e�d� 

�t�h�a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �H�a�l�l�e�y� �a�n�d� �H�e�v�e�l�i�u�s�'� 

�o�b�s�e�r�v�a�t�i�o�n�s� �i�n� �D�a�n�z�i�g�,� �d�i�f�f�e�r�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y�.�2�8�8� �M�o�l�y�n�e�u�x� 

�a�l�s�o� �c�o�m�p�o�s�e�d� �a� �r�e�v�i�e�w� �o�f� �h�i�s� �o�w�n� �w�h�i�c�h� �h�e� �s�e�n�t� �t�o� �H�a�l�l�e�y� �o�n� 

�D�e�c�e�m�b�e�r� �2�,� �1�6�8�5�,� �w�h�e�r�e� �h�e� �g�a�v�e� �a� �m�o�r�e� �o�b�j�e�c�t�i�v�e�,� �a�c�a�d�e�m�i�c� 

�s�t�a�t�e�m�e�n�t� �t�h�a�n� �W�a�l�l�i�s�.�2�8�?� 

�A�f�t�e�r� �t�h�e� �p�u�b�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �A�n�n�u�s� �c�l�i�m�a�c�t�e�r�i�c�u�s�,� �H�a�l�l�e�y� 

�a�n�d� �M�o�l�y�n�e�u�x� �e�x�c�h�a�n�g�e�d� �a� �s�e�r�i�e�s� �o�f� �l�e�t�t�e�r�s� �w�h�i�c�h� �d�e�a�l�t� �w�i�t�h� 

�H�e�v�e�l�i�u�s�'� �s�e�e�m�i�n�g� �m�i�s�r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �H�a�l�l�e�y�.� �T�h�e� �l�a�t�t�e�r� 

�b�e�c�a�m�e� �i�n�f�u�r�i�a�t�e�d� �w�i�t�h� �H�e�v�e�l�i�u�s� �f�o�r� �t�h�r�e�e� �r�e�a�s�o�n�s�:� �f�i�r�s�t�,� 

�H�e�v�e�l�i�u�s� �c�l�a�i�m�e�d� �t�h�a�t� �H�a�l�l�e�y� �b�r�o�u�g�h�t� �w�i�t�h� �h�i�m� �t�o� �D�a�n�z�i�g� �a� 

�s�e�x�t�a�n�t�,� �w�h�e�r�e�a�s� �H�a�l�l�e�y� �a�c�t�u�a�l�l�y� �t�o�o�k� �a� �l�e�s�s�-�p�r�e�c�i�s�e� 

�q�u�a�d�r�a�n�t�;�?�9�°� �s�e�c�o�n�d�,� �H�e�v�e�l�i�u�s� �m�e�n�t�i�o�n�e�d� �t�h�a�t� �H�a�l�l�e�y� �h�a�d� �b�e�e�n� 

�s�e�n�t� �t�o� �S�t�.� �H�e�l�e�n�a� �b�y� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�,� �w�h�e�r�e�a�s� �H�a�l�l�e�y� �w�e�n�t� 

�"�o�n� �h�i�s� �o�w�n� �i�n�i�t�i�a�t�i�v�e� �a�n�d� �a�t� �h�i�s� �o�w�n� �e�x�p�e�n�s�e�"�;�?�2�9�!� �t�h�i�r�d�,� 

�H�e�v�e�l�i�u�s� �c�l�a�i�m�e�d� �t�h�a�t� �H�a�l�l�e�y� �w�a�s� �s�e�n�t� �b�y� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �t�o� 

�e�x�a�m�i�n�e� �H�e�v�e�l�i�u�s�'� �i�n�s�t�r�u�m�e�n�t�s�,� �b�u�t� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �h�a�d� 

�l�i�t�t�l�e� �t�o� �d�o� �w�i�t�h� �H�a�l�l�e�y�'�s� �d�e�c�i�s�i�o�n� �t�o� �v�i�s�i�t� �H�e�v�e�l�i�u�s� �i�n� 

�D�a�n�z�i�g�.� 

� � 

�2�8�8� �B�r�i�t�i�s�h� �L�i�b�r�a�r�y�,� �A�d�d�.� �M�S�.� �4�8�1�1�,� �f�f�.� �5�v�-�7�;� �c�i�t�e�d� �i�n� �S�i�m�m�s�,� �M�o�l�y�n�e�u�x�,� 
�2�5�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �a�s� �m�u�c�h� �a�s� �e�i�g�h�t� �m�i�n�u�t�e�s�!� 

�2�8�9� �I�b�i�d�.�,� �9�7�.� �T�h�e� �l�e�t�t�e�r� �w�a�s� �r�e�a�d� �d�u�r�i�n�g� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y� �m�e�e�t�i�n�g� �o�n� 
�D�e�c�e�m�b�e�r� �9�,� �1�6�8�5� �(�B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �V�o�l�.� �4�,� �4�5�0�)�.� �W�a�l�l�i�s�'� �p�e�r�s�o�n�a�l� 
�f�r�i�e�n�d�s�h�i�p� �w�i�t�h� �H�e�v�e�l�i�u�s� �c�o�n�t�r�i�b�u�t�e�d� �t�o� �h�i�s� �p�e�r�s�o�n�a�l� �r�e�v�i�e�w� �o�f� �t�h�e� �w�o�r�k�.� 
�2�9�0� �T�h�i�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �H�e�v�e�l�i�u�s�'� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �a�s� �p�r�e�c�i�s�e� �a�s� �t�h�o�s�e� 
�t�a�k�e�n� �w�i�t�h� �a� �s�e�x�t�a�n�t�,� �a� �m�o�r�e� �p�r�e�c�i�s�e� �i�n�s�t�r�u�m�e�n�t� �t�h�a�n� �a� �q�u�a�d�r�a�n�t�.� 
�2�9�1� �s�i�m�m�s�,� �M�o�l�y�n�e�u�x�,� �2�6�-�2�7�.� 
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�M�o�l�y�n�e�u�x� �w�a�s� �a�l�s�o� �d�i�s�p�l�e�a�s�e�d� �w�i�t�h� �H�e�v�e�l�i�u�s� �b�e�c�a�u�s�e� �h�e� 

�b�e�l�i�e�v�e�d� �H�e�v�e�l�i�u�s� �h�a�d� �m�i�s�l�e�d� �h�i�m� �b�y� �i�n�s�i�s�t�i�n�g� �t�h�a�t� �H�a�l�l�e�y� �h�a�d� 

�u�s�e�d� �a� �s�e�x�t�a�n�t�.�?�9�%� �H�a�l�l�e�y� �g�a�v�e� �v�e�n�t� �t�o� �h�i�s� �a�n�g�e�r� �b�y� �i�n�f�o�r�m�i�n�g� 

�M�o�l�y�n�e�u�x� �o�f� �t�h�e�i�r� �"�c�o�m�m�o�n� �c�o�n�c�e�r�n� �t�o� �v�i�n�d�i�c�a�t�e� �t�h�e� �t�r�u�t�h� �f�r�o�m� 

�t�h�e� �a�s�p�e�r�s�i�o�n�s� �o�f� �a�n� �o�l�d� �p�e�e�v�i�s�h� �g�e�n�t�l�e�m�a�n�.�"�2�9�3� �I�n� �a� 

�s�u�b�s�e�q�u�e�n�t� �l�e�t�t�e�r� �t�o� �M�o�l�y�n�e�u�x�,� �H�a�l�l�e�y� �s�t�a�t�e�d�:� 

�A�s� �t�o� �M�r�.� �H�e�v�e�l�i�u�s� �w�e� �h�e�a�r�e� �a�s� �y�e�t� �n�o� �f�a�r�t�h�e�r� 
�f�r�o�m� �h�i�m�,� �a�n�d� �I� �a�m� �v�e�r�y� �u�n�w�i�l�l�i�n�g� �t�o� �l�e�t� �m�y� 
�i�n�d�i�g�n�a�t�i�o�n� �l�o�o�s�e� �u�p�o�n� �h�i�m�,� �b�u�t� �w�i�l�l� �u�n�l�e�s�s� �I� 
�s�e�e� �s�o�m�e� �p�u�b�l�i�c�k� �n�o�t�i�c�e� �t�a�k�e�n� �e�l�s�e�w�h�e�r�e�,� �l�e�t� 
�[�o�u�r� �o�b�j�e�c�t�i�o�n�s� �a�g�a�i�n�s�t� �h�i�m�]� �s�l�e�e�p� �t�i�l�l� �a�f�t�e�r� 

�h�i�s� �d�e�a�t�h� �i�f� �I� �c�h�a�n�c�e� �t�o� �o�u�t�l�i�v�e� �h�i�m�,� �f�o�r� �I� 
�w�o�u�l�d� �n�o�t� �h�a�s�t�e�n� �h�i�s� �d�e�p�a�r�t�u�r�e� �b�y� �e�x�p�o�s�i�n�g� �h�i�m� 
�a�n�d� �h�i�s� �o�b�s�e�r�v�a�t�i�o�n�s� �a�s� �I� �c�o�u�l�d� �d�o� �a�n�d� �t�r�u�l�y� 
�a�s� �I� �t�h�i�n�k� �h�e� �d�e�s�e�r�v�e�s� �I� �s�h�o�u�l�d�.�2�%� 

�M�o�l�y�n�e�u�x� �r�e�p�l�i�e�d� �t�h�a�t� �H�a�l�l�e�y� �s�h�o�u�l�d� �s�p�e�a�k� �u�p� �b�e�f�o�r�e� �H�e�v�e�l�i�u�s�'� 

�d�e�a�t�h� �s�o� �t�h�a�t� �h�e� �w�o�u�l�d� �h�a�v�e� �t�h�e� �o�p�p�o�r�t�u�n�i�t�y� �t�o� �e�x�o�n�e�r�a�t�e� 

�h�i�m�s�e�l�f�.�2�9�°� �H�o�w�e�v�e�r�,� �t�h�e�r�e� �i�s� �n�o� �i�n�d�i�c�a�t�i�o�n� �t�h�a�t� �H�a�l�l�e�y� �e�v�e�r� 

�p�u�b�l�i�c�l�y� �e�x�p�r�e�s�s�e�d� �h�i�s� �d�i�s�p�l�e�a�s�u�r�e� �t�o�w�a�r�d�s� �H�e�v�e�l�i�u�s�.� 

�H�e�v�e�l�i�u�s�'� �r�e�s�e�n�t�m�e�n�t� �t�o�w�a�r�d�s� �H�o�o�k�e� �l�a�s�t�e�d� �u�n�t�i�l� �h�i�s� �d�e�a�t�h�,� 

�w�h�i�c�h� �w�a�s� �h�a�s�t�e�n�e�d� �t�h�r�o�u�g�h� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �H�o�o�k�e�'�s� 

�a�t�t�a�c�k�s�,� �t�h�e� �f�i�r�e� �i�n� �1�6�7�9�,� �a�n�d� �v�a�r�i�o�u�s� �o�t�h�e�r� �c�o�n�c�e�r�n�s� �t�h�a�t� 

�t�r�o�u�b�l�e�d� �t�h�e� �l�a�s�t� �d�e�v�o�t�e�e� �o�f� �t�h�e� �T�y�c�h�o�n�i�c� �p�r�o�g�r�a�m�m�e�.� �2�%� 

�M�o�l�y�n�e�u�x�,� �w�h�o� �w�a�s� �f�a�m�i�l�i�a�r� �w�i�t�h� �t�h�e� �c�o�n�t�r�o�v�e�r�s�y�,� 

�p�u�b�l�i�s�h�e�d� �h�i�s� �D�i�o�p�t�r�i�c�a� �n�o�v�a� �i�n� �1�6�9�2�,� �a� �w�o�r�k� �w�h�i�c�h� �m�a�i�n�l�y� 

� � 

�2�9�2� �B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �V�o�l�.� �4�,� �4�7�7�;� �a�n�d� �S�i�m�m�s�,� �M�o�l�y�n�e�u�x�,� �2�6�.� 
�2�9�3� �2�7� �M�a�r�c�h� �1�6�8�6�,� �M�a�c�P�i�k�e�,� �C�o�r�r�e�s�p�o�n�d�e�n�c�e�,� �6�0�.� 
�2�9�4� �2�7� �M�a�y� �1�6�8�6�,� �I�b�i�d�.�,� �6�5�.� 
�2�9�5� �1�9� �J�u�n�e� �1�6�8�6�,� �S�i�m�m�s�,� �M�o�l�y�n�e�u�x�,� �2�7�.� �A�l�s�o� �i�n� �K�.� �T�h�e�o�d�o�r�e� �H�o�p�p�e�n�,� �e�d�.� 
�T�h�e� �P�a�p�e�r�s� �o�f� �t�h�e� �D�u�b�l�i�n� �P�h�i�l�o�s�o�p�h�i�c�a�l� �S�o�c�i�e�t�y� �1�6�8�3�-�1�7�0�8� �(�D�u�b�l�i�n�:� �I�r�i�s�h� 
�M�a�n�u�s�c�r�i�p�t�s� �C�o�m�m�i�s�s�i�o�n�,� �1�9�8�3�,� �t�e�x�t�-�f�i�c�h�e�)�,� �1�1�4�0�.� 
�2�9�6� �B�é�z�i�a�t�,�  ��L�a� �v�i�e�,�"� �6�3�6�.� 
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�f�o�c�u�s�e�d� �o�n� �o�p�t�i�c�s�,� �b�u�t� �i�n� �w�h�i�c�h� �t�h�e�r�e� �i�s� �a�l�s�o� �f�o�u�n�d� �a� �b�r�i�e�f� 

�d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �c�o�n�t�r�o�v�e�r�s�y�.� �A� �s�t�a�u�n�c�h� �a�d�h�e�r�e�n�t� �o�f� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �M�o�l�y�n�e�u�x�,� �l�i�k�e� �H�a�l�l�e�y� �a�n�d� �F�l�a�m�s�t�e�e�d�,� 

�e�x�p�o�u�n�d�e�d� �h�i�s� �o�w�n� �s�e�t� �o�f� �c�o�u�n�t�e�r�-�a�r�g�u�m�e�n�t�s� �a�g�a�i�n�s�t� �H�e�v�e�l�i�u�s�'� 

�o�b�j�e�c�t�i�o�n�s� �a�s� �s�p�e�c�i�f�i�e�d� �i�n� �t�h�e� �M�a�c�h�i�n�a� �c�o�e�l�e�s�t�i�s�.� �O�v�e�r�a�l�l�,� 

�h�e� �b�e�l�i�e�v�e�d� �t�h�a�t� �H�e�v�e�l�i�u�s�'� �i�n�s�t�r�u�m�e�n�t�s� �h�a�d� �o�n�e� �m�a�j�o�r� �f�l�a�w� 

�t�h�a�t� �r�e�n�d�e�r�e�d� �t�h�e�m� �i�m�p�e�r�f�e�c�t� �-�-� �n�a�m�e�l�y�,� �t�h�a�t� �t�h�e�y� �l�a�c�k�e�d� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.�?�9 �� �M�o�l�y�n�e�u�x� �a�g�r�e�e�d� �w�i�t�h� �H�o�o�k�e� �t�h�a�t� �t�h�e� �e�y�e� 

�c�a�n� �r�a�r�e�l�y� �d�i�s�t�i�n�g�u�i�s�h� �b�e�l�o�w� �a� �m�i�n�u�t�e� �o�r� �h�a�l�f� �a� �m�i�n�u�t�e� �o�f� 

�a�r�c�,� �a�n�d� �t�h�a�t� �t�e�l�e�s�c�o�p�e�s� �r�e�m�o�v�e� �t�h�e� �g�l�a�r�i�n�g� �l�i�g�h�t� �w�h�i�c�h� 

�s�u�r�r�o�u�n�d�s� �c�e�l�e�s�t�i�a�l� �o�b�j�e�c�t�s�.� �H�o�w�e�v�e�r�,� �h�e� �a�l�s�o� �a�r�g�u�e�d� �t�h�a�t� 

�H�e�v�e�l�i�u�s�'� �e�x�c�e�p�t�i�o�n�a�l� �p�o�w�e�r�s� �a�s� �a�n� �o�b�s�e�r�v�e�r�,� �a�f�f�o�r�d�e�d� �h�i�m� 

�w�i�t�h� �m�o�r�e� �p�r�e�c�i�s�e� �m�e�a�s�u�r�e�m�e�n�t�s�.�?�9�8� �D�e�s�p�i�t�e� �h�i�s� �a�d�m�i�r�a�t�i�o�n� �f�o�r� 

�H�e�v�e�l�i�u�s�'� �a�c�c�o�m�p�l�i�s�h�m�e�n�t�s�,� �M�o�l�y�n�e�u�x� �s�t�i�l�l� �b�e�l�i�e�v�e�d� �t�h�a�t� �o�p�e�n� 

�S�i�g�h�t�s� �h�a�d� �t�h�e�i�r� �l�i�m�i�t�a�t�i�o�n�s�:� 

�B�u�t� �w�h�e�n� �t�h�e� �e�y�e� �i�s� �a�r�m�e�d� �w�i�t�h� �a� �T�e�l�e�s�c�o�p�e�,� �i�t� 
�m�a�y� �d�i�s�c�e�r�n� �a�n� �a�n�g�l�e� �l�e�s�s� �t�h�a�n� �a� �S�e�c�o�n�d�.� �T�h�e� 
�T�e�l�e�s�c�o�p�e� �t�h�a�t� �m�a�g�n�i�f�i�e�s� �d�i�s�t�i�n�c�t�l�y� �t�h�e� 
�a�p�p�e�a�r�a�n�c�e� �o�f� �b�o�d�y�,� �m�a�g�n�i�f�i�e�s� �a�l�s�o� �d�i�s�t�i�n�c�t�l�y� 
�t�h�e� �a�p�p�e�a�r�a�n�c�e� �o�f� �e�x�t�e�n�s�i�o�n�,� �s�p�a�c�e�,� �a�n�d� �m�o�t�i�o�n� 
�t�h�r�o�u�g�h� �s�p�a�c�e�.�?�9�9� 

�M�o�l�y�n�e�u�x� �l�e�v�e�l�e�d� �h�i�s� �m�o�s�t� �s�e�r�i�o�u�s� �c�r�i�t�i�c�i�s�m� �a�g�a�i�n�s�t� 

�H�e�v�e�l�i�u�s�'� �c�l�a�i�m� �t�h�a�t� �t�h�e� �s�h�o�r�t�n�e�s�s� �o�f� �t�h�e� �l�i�n�e� �o�f� 

�c�o�l�l�i�m�a�t�i�o�n�,� �w�h�i�c�h� �w�a�s� �o�n�l�y� �b�e�t�w�e�e�n� �t�h�e� �e�y�e� �a�n�d� �c�r�o�s�s�-�h�a�i�r�s�,� 
� � 

�2�9�7� �U�n�l�i�k�e� �H�o�o�k�e�,� �M�o�l�y�n�e�u�x� �a�r�g�u�e�d� �t�h�a�t� �a�l�t�h�o�u�g�h� �H�e�v�e�l�i�u�s�'� �i�n�s�t�r�u�m�e�n�t�s� 
�h�a�d� �t�h�e�i�r�  ��o�p�e�n�-�s�i�g�h�t�"� �f�l�a�w�,� �h�e� �s�t�r�e�s�s�e�d� �t�h�a�t� �t�h�e�s�e� �i�n�s�t�r�u�m�e�n�t�s� �w�e�r�e� �n�o�t� 
 ��u�s�e�l�e�s�s�,� �f�a�u�l�t�y�,� �o�r� �n�o� �b�e�t�t�e�r� �t�h�a�n� �T�i�c�h�o�'�s�.� �.� �.�"� �[�D�i�o�p�t�r�i�c�a� �n�o�v�a�,� 

�L�o�n�d�o�n�,� �1�6�9�2�)�,� �2�2�8�]�.� 
�2�9�8� �I�b�i�d�.�,� �2�2�9�.� 
�2�3�9� �M�o�l�y�n�e�u�x� �u�s�e�d� �a�n� �a�n�a�l�o�g�y� �w�h�e�r�e� �h�e� �c�l�a�i�m�e�d� �t�h�a�t� �i�t� �w�o�u�l�d� �b�e� �s�i�m�i�l�a�r� 
�t�o� �w�a�t�c�h�i�n�g� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �a� �m�i�n�u�t�e�-�h�a�n�d� �t�h�r�o�u�g�h� �a� �m�i�c�r�o�s�c�o�p�e� �(�I�b�i�d�.�,� 
�2�4�4�)�.� 
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�i�n�t�e�r�f�e�r�e�d� �w�i�t�h� �o�b�s�e�r�v�a�t�i�o�n�.� �M�o�l�y�n�e�u�x� �b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�i�s� �w�a�s� 

�p�r�o�o�f� �e�n�o�u�g�h� �t�h�a�t� �H�e�v�e�l�i�u�s� �d�i�d� �n�o�t� �c�o�m�p�r�e�h�e�n�d� �t�h�e� �n�a�t�u�r�e� �o�f� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.� �T�h�e� �l�i�n�e� �o�f� �c�o�l�l�i�m�a�t�i�o�n� �w�a�s� �n�o�t� �b�e�t�w�e�e�n� 

�t�h�e� �e�y�e� �a�n�d� �c�r�o�s�s�-�h�a�i�r�s�,� �b�u�t� �"�b�e�t�w�e�e�n� �t�h�e� �o�b�j�e�c�t�-�g�l�a�s�s� �a�n�d� 

�c�r�o�s�s�-�h�a�i�r�s�,� �"�3�0�0� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �c�r�o�s�s�-�h�a�i�r�s� �w�e�r�e� 

�a�u�t�o�m�a�t�i�c�a�l�l�y� �s�u�p�e�r�i�m�p�o�s�e�d� �o�n�t�o� �t�h�e� �i�m�a�g�e� �o�f� �t�h�e� �o�b�j�e�c�t� �u�n�d�e�r� 

�o�b�s�e�r�v�a�t�i�o�n�.� �D�e�s�p�i�t�e� �i�n�i�t�i�a�l� �p�r�o�b�l�e�m�s� �w�i�t�h� �c�o�l�l�i�m�a�t�i�n�g� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� �t�h�i�s� �m�e�t�h�o�d� �w�a�s� �e�v�e�n�t�u�a�l�l�y� �m�a�s�t�e�r�e�d�,� �?�°�!� �a�n�d� 

�a�s�t�r�o�n�o�m�e�r�s�,� �s�u�c�h� �a�s� �F�l�a�m�s�t�e�e�d�,� �a�g�r�e�e�d� �t�h�a�t� �t�h�e� �c�o�l�l�i�m�a�t�i�o�n� 

�a�f�f�o�r�d�e�d� �a� �g�r�e�a�t�e�r� �d�e�g�r�e�e� �o�f� �p�r�e�c�i�s�i�o�n� �i�n� �m�e�a�s�u�r�e�m�e�n�t� �a�n�d� 

�s�i�m�p�l�i�c�i�t�y� �i�n� �u�s�a�g�e�.� �3�°� 

�M�o�l�y�n�e�u�x� �r�e�s�p�o�n�d�e�d� �t�o� �H�e�v�e�l�i�u�s�'� �o�t�h�e�r� �o�b�j�e�c�t�i�o�n�s� �a�g�a�i�n�s�t� 

�c�r�o�s�s�-�h�a�i�r�s� �a�n�d� �l�e�n�s�e�s�,� �w�h�i�c�h� �h�e� �f�e�l�t� �w�e�r�e� �u�n�j�u�s�t�i�f�i�e�d� �a�s� 

�w�e�l�l�.� �T�o� �H�e�v�e�l�i�u�s�'� �a�r�g�u�m�e�n�t� �t�h�a�t� �c�r�o�s�s�-�h�a�i�r�s� �c�o�v�e�r�e�d� �s�m�a�l�l� 

�s�t�a�r�s�,� �M�o�l�y�n�e�u�x� �r�e�t�o�r�t�e�d� �t�h�a�t� �o�n�e� �c�o�u�l�d� �r�e�a�s�o�n�a�b�l�y� �u�s�e� �t�h�e� 

�f�i�n�e�s�t� �s�i�l�k�-�w�o�r�m� �t�h�r�e�a�d�,� �o�r� �t�h�e� �"�f�i�n�e�s�t� �n�e�e�d�l�e�,�"� �b�o�t�h� �o�f� 

�w�h�i�c�h� �c�o�u�l�d� �"�b�i�s�e�c�t� �t�h�e� �s�m�a�l�l�e�s�t� �s�t�a�r�s�.� �"�3�°� �F�u�r�t�h�e�r�m�o�r�e�,� 

�H�e�v�e�l�i�u�s�'� �a�s�s�e�r�t�i�o�n� �t�h�a�t� �c�r�o�s�s�-�h�a�i�r�s� �a�r�e� �i�n�v�i�s�i�b�l�e� �o�n� �d�a�r�k� 

�n�i�g�h�t�s� �w�a�s� �r�e�f�u�t�e�d� �b�y� �M�o�l�y�n�e�u�x� �w�h�o� �p�o�i�n�t�e�d� �o�u�t� �t�h�a�t� �o�n�e� �c�o�u�l�d� 

�u�s�e� �a� �s�m�a�l�l� �l�i�g�h�t�,� �s�u�c�h� �a�s� �a� �c�a�n�d�l�e�,� �t�o� �i�l�l�u�m�i�n�a�t�e� �t�h�e� �c�r�o�s�s�-� 

�h�a�i�r�s�.�3�°�4� �F�i�n�a�l�l�y�,� �M�o�l�y�n�e�u�x� �a�r�g�u�e�d� �t�h�a�t� �H�e�v�e�l�i�u�s�'� �c�l�a�i�m� �t�h�a�t� 

� � 

�3�0�0� �T�b�i�d�.�,� �2�3�1�.� �M�o�l�y�n�e�u�x� �p�r�o�p�o�s�e�d� �t�h�i�s� �s�a�m�e� �a�r�g�u�m�e�n�t� �o�n� �t�w�o� �p�r�e�v�i�o�u�s� 
�o�c�c�a�s�i�o�n�s� �-�-� �i�n� �a� �l�e�t�t�e�r� �t�o� �H�a�l�l�e�y�,� �8� �A�p�r�i�l� �1�6�8�6� �(�B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �V�o�l�.� 

�4�,� �4�7�7�)�,� �a�n�d� �i�n� �a� �l�e�t�t�e�r� �t�o� �A�s�t�o�n�,� �1�5� �M�a�r�c�h� �1�6�8�4�,� �r�e�a�d� �d�u�r�i�n�g� �t�h�e� �R�o�y�a�l� 
�S�o�c�i�e�t�y� �m�e�e�t�i�n�g� �o�n� �2�6� �M�a�r�c�h� �1�6�8�4� �(�B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �V�o�l�.� �4�,� �2�7�2�)�.� 
�3�0�1� �C�h�a�p�m�a�n�,� �D�i�v�i�d�i�n�g�,� �3�9�.� 
�3�0�2� �M�u�r�d�i�n�,� �U�n�d�e�r�,� �1�2�4�.� 
�3�0�3� �M�o�l�y�n�e�u�x�,� �D�i�o�p�t�r�i�c�a� �n�o�v�a�,� �2�4�5�.� 
�3�0�4� �T�h�i�d�.� 
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�l�e�n�s�e�s� �f�o�g� �u�p� �o�n� �c�o�l�d� �n�i�g�h�t�s� �b�e�c�a�u�s�e� �o�f� �t�h�e� �o�b�s�e�r�v�e�r�'�s� 

�e�x�h�a�l�a�t�i�o�n�s� �w�a�s� �u�n�j�u�s�t�i�f�i�e�d�:� 

�'�T�i�s� �t�r�u�e�,� �t�h�e� �b�r�e�a�t�h� �o�f� �t�h�e� �o�b�s�e�r�v�e�r�,� �i�f� �p�u�f�t� 
�i�n�t�o� �t�h�e� �t�e�l�e�s�c�o�p�e�,� �w�i�l�l� �s�u�l�l�y� �t�h�e� �e�y�e�-�g�l�a�s�s�;� 
�b�u�t� �h�o�w� �e�a�s�i�l�y� �i�s� �t�h�i�s� �a�v�o�i�d�e�d�?� �W�h�o� �i�s� �i�t� 
�g�o�e�s� �p�u�r�p�o�s�e�l�y� �t�o� �m�a�k�e� �a� �s�p�e�a�k�i�n�g�-�T�r�u�m�p�e�t� �o�f� �a� 
�T�e�l�e�s�c�o�p�e�?� 

�I�n� �a�d�d�r�e�s�s�i�n�g� �H�e�v�e�l�i�u�s�'� �o�b�j�e�c�t�i�o�n�s� �o�f� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�,� 

�M�o�l�y�n�e�u�x� �m�a�n�a�g�e�d� �t�o� �r�e�m�a�i�n� �t�h�e� �m�o�s�t� �o�b�j�e�c�t�i�v�e� �i�n� �h�i�s� �c�o�u�n�t�e�r�-� 

�a�r�g�u�m�e�n�t�s�,� �p�r�o�v�i�d�i�n�g� �j�u�s�t�i�f�i�c�a�t�i�o�n� �w�i�t�h�o�u�t� �t�h�e� �s�a�r�c�a�s�m� �w�h�i�c�h� 

�w�a�s� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �t�o� �H�o�o�k�e�'�s� �a�t�t�a�c�k�s�.� 

�H�o�o�k�e� �f�a�c�e�d� �a� �d�i�s�a�s�t�r�o�u�s� �f�a�t�e� �f�o�l�l�o�w�i�n�g� �H�e�v�e�l�i�u�s�'� �d�e�a�t�h�.� 

�H�i�s� �q�u�a�r�r�e�l�s� �w�i�t�h� �o�t�h�e�r�s� �(�e�s�p�e�c�i�a�l�l�y� �N�e�w�t�o�n�)�,� �a�n�d� �t�h�e� �d�e�a�t�h� 

�o�f� �h�i�s� �n�i�e�c�e�-�m�i�s�t�r�e�s�s� �i�n� �1�6�8�7�,� �t�u�r�n�e�d� �h�i�m� �i�n�t�o� �"�a� �r�e�c�l�u�s�e� �a�n�d� 

�a� �c�y�n�i�c�.�"�3�°�6� �N�e�v�e�r�t�h�e�l�e�s�s�,� �H�o�o�k�e� �c�o�n�t�i�n�u�e�d� �t�o� �l�e�c�t�u�r�e� �a�g�a�i�n�s�t� 

�o�p�e�n� �s�i�g�h�t�s�.� �O�n� �D�e�c�e�m�b�e�r� �6�,� �1�6�9�3�,� �h�e� �r�e�a�d� �a� �d�i�s�c�o�u�r�s�e� �o�n� 

�t�e�l�e�s�c�o�p�e�s� �i�n� �w�h�i�c�h� �h�e� �m�e�n�t�i�o�n�e�d� �h�o�w� �h�e�  ��h�a�d� �i�m�p�r�o�v�e�d� �a�n�d� 

�r�e�c�o�m�m�e�n�d�e�d� �t�h�e� �U�s�e� �o�f� �T�e�l�e�s�c�o�p�e� �S�i�g�h�t�s� �f�o�r� �A�s�t�r�o�n�o�m�i�c�a�l� 

�I�n�s�t�r�u�m�e�n�t�s�,� �i�n� �h�i�s� �A�n�i�m�a�d�v�e�r�s�i�o�n�s� �o�n� �H�e�v�e�l�i�u�s�'�s� �M�a�c�h�i�n�a� 

�C�o�e�l�e�s�t�i�s�,�.� �"�3�0�7� �I�n� �1�7�0�5�,� �t�h�r�e�e� �y�e�a�r�s� �a�f�t�e�r� �H�o�o�k�e�'�s� �d�e�a�t�h�,� 

�R�i�c�h�a�r�d� �W�a�l�l�e�r�,� �t�h�e�n� �s�e�c�r�e�t�a�r�y� �o�f� �t�h�e� �R�o�y�a�l� �S�o�c�i�e�t�y�,� 

�p�u�b�l�i�s�h�e�d� �a� �c�o�l�l�e�c�t�i�o�n� �o�f� �H�o�o�k�e�'�s� �p�a�p�e�r�s� �a�n�d� �d�i�s�c�o�u�r�s�e�s� �w�h�i�c�h� 

�i�n�c�l�u�d�e�d� �a� �l�e�t�t�e�r� �b�y� �H�o�o�k�e� �i�n� �w�h�i�c�h� �h�e� �v�i�n�d�i�c�a�t�e�d� �h�i�m�s�e�l�f� 

� � 

�3�0�5� �T�b�h�i�d�.� 
�3�0�6� �W�e�s�t�f�a�l�l�,� �"�H�o�o�k�e�,�"� �4�8�7�.� 
�3�0�7� �w�m�r�.� �W�a�l�l�e�r�'�s� �O�b�s�e�r�v�a�t�i�o�n�s� �u�p�o�n� �D�r�.� �H�o�o�k�'�s� �D�i�s�c�o�u�r�s�e�s�,� �c�o�n�c�e�r�n�i�n�g� 
�T�e�l�e�s�c�o�p�e�s� �a�n�d� �M�i�c�r�o�s�c�o�p�e�s�,�"� �i�n� �H�o�o�k�e�,� �P�h�i�l�o�s�o�p�h�i�c�a�l�,� �2�7�2�.� 

�8�9



�a�g�a�i�n�s�t� �t�h�e� �c�h�a�r�g�e�s� �o�f� �W�a�l�l�i�s� �a�n�d� �M�o�l�y�n�e�u�x� �t�h�a�t� �h�e� �h�a�d� �b�e�e�n� 

�t�o�o� �h�a�r�s�h� �w�i�t�h� �H�e�v�e�l�i�u�s�.�3�°�8� 

�H�o�o�k�e� �r�e�c�o�u�n�t�e�d� �t�h�e� �s�p�e�c�i�f�i�c� �o�b�j�e�c�t�i�o�n�s� �M�o�l�y�n�e�u�x� �l�e�v�e�l�e�d� 

�a�g�a�i�n�s�t� �h�i�m� �i�n� �a� �l�e�t�t�e�r� �r�e�a�d� �d�u�r�i�n�g� �a� �R�o�y�a�l� �S�o�c�i�e�t�y� 

�m�e�e�t�i�n�g�.�3�?�9�9� �F�i�r�s�t�,� �t�h�e�y� �a�r�g�u�e�d� �t�h�a�t� �w�h�a�t� �H�o�o�k�e� �(�a�n�d� �o�t�h�e�r�s�)� 

�c�l�a�i�m�e�d� �i�s� �t�r�u�e� �a�b�o�u�t� �H�e�v�e�l�i�u�s�'� �w�o�r�k� �a�n�d� �i�n�s�t�r�u�m�e�n�t�s�,� �w�a�s� �"�a�n� 

�E�v�e�n�t� �h�i�g�h�l�y� �d�e�p�l�o�r�a�b�l�e�,� �n�o�t� �o�n�l�y� �[�f�o�r� �H�e�v�e�l�i�u�s�]�,� �b�u�t� �t�h�e� 

�w�h�o�l�e� �R�e�p�u�b�l�i�c�a� �L�i�t�e�r�a�r�i�a�"�.� �H�o�o�k�e� �r�e�p�l�i�e�d� �t�h�a�t� �i�f� �w�h�a�t� �h�e� 

�h�a�d� �s�a�i�d� �w�a�s� �t�r�u�e� �a�n�d� �c�e�r�t�a�i�n�,� �t�h�e�n� �t�h�e� �"�R�e�p�u�b�l�i�c�a� �L�i�t�e�r�a�r�i�a�"� 

�w�o�u�l�d� �b�e� �b�e�t�t�e�r� �o�f�f� �k�n�o�w�i�n�g� �i�t�.� �S�e�c�o�n�d�,� �t�h�e�y� �a�r�g�u�e�d� �H�o�o�k�e� 

�h�a�d� �d�o�u�b�t�e�d� �H�e�v�e�l�i�u�s�'� �o�b�s�e�r�v�a�t�i�o�n�s� �b�e�c�a�u�s�e� �H�e�v�e�l�i�u�s� �d�i�d� �n�o�t� 

�u�s�e� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �o�r� �H�o�o�k�e�'�s� �m�e�t�h�o�d� �o�f� �d�i�v�i�d�i�n�g� 

�i�n�s�t�r�u�m�e�n�t�s� �(�a�n�d� �a�l�s�o� �t�h�a�t� �H�o�o�k�e� �d�e�s�c�r�i�b�e�d� �a�n� �i�n�s�t�r�u�m�e�n�t� 

�w�h�i�c�h� �w�a�s� �n�e�v�e�r� �c�o�n�s�t�r�u�c�t�e�d�)�.� �I�n� �r�e�p�l�y�,� �H�o�o�k�e� �a�c�c�u�s�e�d� 

�H�e�v�e�l�i�u�s� �o�f� �b�e�i�n�g� �t�h�e� �"�f�i�r�s�t� �A�g�r�e�s�s�o�r� �i�n� �P�r�i�n�t�.�"�3�!�°� �H�o�o�k�e� 

�a�d�d�e�d� �t�h�a�t� �d�i�s�c�o�v�e�r�i�n�g� �a�n�d� �c�o�m�m�u�n�i�c�a�t�i�n�g� �t�h�e� �t�r�u�t�h�,� �o�u�t�-� 

�w�e�i�g�h�e�d� �t�h�e� �c�o�n�s�e�q�u�e�n�c�e�s� �o�f� �d�i�m�i�n�i�s�h�i�n�g� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� 

�a�n�o�t�h�e�r�'�s� �w�o�r�k�.� �H�e�v�e�l�i�u�s� �h�a�d� �d�o�n�e� �t�h�e� �s�a�m�e� �w�i�t�h� �T�y�c�h�o�'�s� 

� � 

�3�0�8� �F�o�u�n�d� �i�n� �"�T�h�e� �L�i�f�e� �o�f� �D�r�.� �R�o�b�e�r�t� �H�o�o�k�e�,�"� �i�n� �R�o�b�e�r�t� �H�o�o�k�e�,� �T�h�e� 

�Y�O� �L�J� �U�I�N�©� �W�O�R�K�S� �©� �B�O�D�E� �H�O�O�K�S� �O�N�L�a�L�n�I�L�i�G� �2�)� �,� �S� �a�T�)� �S� � � � � 

�e�d�.� �R�i�c�h�a�r�d� �W�a�l�l�e�r�,� �2�n�d� �e�d�.� �(�L�o�n�d�o�n�:� �F�r�a�n�k� �C�a�s�s� �a�n�d� �C�o�m�p�a�n�y� �L�i�m�i�t�e�d�,� 
�1�9�7�1�)�,� �W�a�l�l�e�r� �d�o�e�s� �n�o�t� �g�i�v�e� �a� �d�a�t�e� �f�o�r� �t�h�e� �l�e�t�t�e�r�.� �H�o�w�e�v�e�r�,� �i�t� �h�a�d� �t�o� 
�h�a�v�e� �b�e�e�n� �w�r�i�t�t�e�n� �s�o�m�e� �t�i�m�e� �a�f�t�e�r� �W�a�l�l�i�s�'� �r�e�v�i�e�w� �o�f� �t�h�e� �A�n�n�u�s� 
�C�l�i�m�a�c�t�e�r�i�c�u�s� �(�1�6�8�5�)�.� 
�3�0�9� �T�h�e� �o�n�l�y� �l�e�t�t�e�r� �b�y� �M�o�l�y�n�e�u�x� �b�e�t�w�e�e�n� �1�6�8�5� �a�n�d� �1�6�8�7� �t�h�a�t� �c�o�u�l�d� �b�e� �t�h�e� 
�l�e�t�t�e�r� �r�e�f�e�r�r�e�d� �t�o� �h�e�r�e�,� �i�s� �o�n�e� �h�e� �s�e�n�t� �t�o� �H�a�l�l�e�y� �a�n�d� �r�e�a�d� �o�n� �D�e�c�e�m�b�e�r� 
�9�,� �1�6�8�5� �(�s�e�e� �n�.� �2�8�9�)�.� �T�h�i�s� �i�s� �u�n�l�i�k�e�l�y�,� �h�o�w�e�v�e�r�,� �s�i�n�c�e� �t�h�e�r�e� �i�s� �n�o� 
�m�e�n�t�i�o�n� �o�f� �H�o�o�k�e� �a�t� �a�l�l� �i�n� �t�h�e� �l�e�t�t�e�r� �(�B�i�r�c�h�,� �H�i�s�t�o�r�y�,� �V�o�l�.� �4�,� �4�5�0�)�.� �I�f� 

�B�i�r�c�h�'�s� �v�o�l�u�m�e�s� �a�r�e� �a�c�c�u�r�a�t�e�,� �t�h�e�n� �t�h�e� �l�e�t�t�e�r� �h�a�d� �t�o� �h�a�v�e� �b�e�e�n� �r�e�a�d� 
�a�f�t�e�r� �H�e�v�e�l�i�u�s�'� �d�e�a�t�h�.� 

�3�1�0� �(�i�.�e�.�,� �w�i�t�h� �h�i�s� �M�a�c�h�i�n�a� �c�o�e�l�e�s�t�i�s�)� �(�H�o�o�k�e�,� �P�o�s�t�h�u�m�o�u�s� �W�o�r�k�s�,� �x�v�i�)�.� 
�T�h�i�s� �p�a�r�t�i�c�u�l�a�r� �o�b�j�e�c�t�i�o�n� �s�e�e�m�s� �s�o�m�e�w�h�a�t� �i�m�m�a�t�u�r�e�.� 
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�m�e�a�s�u�r�e�m�e�n�t�s� �a�n�d� �i�n�s�t�r�u�m�e�n�t�s�,� �y�e�t� �"�H�e�v�e�l�i�u�s� �w�o�u�l�d� �b�e� �t�h�o�u�g�h�t� 

�h�i�g�h�l�y� �t�o� �v�a�l�u�e� �T�i�c�h�o� �B�r�a�h�e�,� �a�n�d� �n�o�t� �t�o� �h�a�v�e� �m�a�d�e� �a�n�y� 

�R�e�f�l�e�c�t�i�o�n�s� �u�p�o�n� �h�i�m�.�"�3�1�!�1� �M�o�r�e�o�v�e�r�,� �H�o�o�k�e� �a�r�g�u�e�d� �t�h�a�t� �i�t� �w�a�s� 

�a�l�w�a�y�s� �c�o�n�s�i�d�e�r�e�d� �p�r�o�p�e�r� �t�o� �c�r�i�t�i�c�i�z�e� �o�t�h�e�r�s� �w�h�e�n� �n�e�c�e�s�s�a�r�y�.� 

�C�i�t�i�n�g� �f�r�o�m� �h�i�s� �o�w�n� �A�n�i�m�a�d�v�e�r�s�i�o�n�s�,� �H�o�o�k�e� �a�s�s�e�r�t�e�d� �t�h�a�t� �h�e� 

�n�e�v�e�r� �i�n�t�e�n�d�e�d� �t�o� �p�e�r�s�o�n�a�l�l�y� �c�a�s�t�i�g�a�t�e� �H�e�v�e�l�i�u�s� �a�n�d� �h�i�s� �w�o�r�k�,� 

�b�u�t� �H�e�v�e�l�i�u�s� �h�a�d� �e�x�h�a�u�s�t�e�d� �t�h�e� �p�o�s�s�i�b�i�l�i�t�i�e�s� �a�f�f�o�r�d�e�d� �b�y� �o�p�e�n� 

�s�i�g�h�t�s�:� 

�H�e� �h�a�d� �g�o�n�e� �a�s� �f�a�r� �a�s� �w�a�s� �p�o�s�s�i�b�l�e� �f�o�r� �h�u�m�a�n�e� 
�I�n�d�u�s�t�r�y� �t�o� �g�o� �w�i�t�h� �I�n�s�t�r�u�m�e�n�t�s� �o�f� �t�h�a�t� �k�i�n�d�,� 
�w�h�i�c�h� �w�e�r�e� �a�s� �c�o�m�p�l�e�a�t� �a�n�d� �e�x�a�c�t� �a�s� 
�I�n�s�t�r�u�m�e�n�t�s� �w�i�t�h� �p�l�a�i�n� �S�i�g�h�t�s� �c�o�u�l�d� �b�e� �m�a�d�e�;� 
�a�n�d� �t�h�a�t� �h�e� �h�a�d� �c�a�l�c�u�l�a�t�e�d� �w�i�t�h� �a�l�l� �i�m�a�g�i�n�a�b�l�e� 
�c�a�r�e� �a�n�d� �s�k�i�l�l�,� �a�n�d� �d�e�l�i�v�e�r�'�d� �t�h�e�m� �w�i�t�h� �t�h�e� 
�l�i�k�e� �C�a�n�d�o�r� �a�n�d� �I�n�t�e�g�r�i�t�y�:� �B�u�t� �y�e�t� �t�h�a�t� �i�t� �w�a�s� 
�m�y� �O�p�i�n�i�o�n�,� �t�h�a�t� �t�h�i�s� �o�u�g�h�t� �n�o�t� �t�o� �d�i�s�c�o�u�r�a�g�e� 
�o�t�h�e�r�s� �f�r�o�m� �m�a�k�i�n�g� �u�s�e� �o�f� �T�e�l�e�s�c�o�p�e�-�s�i�g�h�t�s�,� 
�a�n�d� �t�o� �m�a�k�e� �b�e�t�t�e�r� �O�b�s�e�r�v�a�t�i�o�n�s� �w�i�t�h� 
�I�n�s�t�r�u�m�e�n�t�s� �b�y� �t�h�a�t� �m�e�a�n�s� �m�o�r�e� �e�x�a�c�t�.�3�!�?� 

�H�o�o�k�e� �c�o�n�t�i�n�u�e�d� �b�y� �c�o�m�p�l�a�i�n�i�n�g� �t�h�a�t� �h�e� �w�a�s� 

�m�i�s�r�e�p�r�e�s�e�n�t�e�d� �w�h�e�n� �o�t�h�e�r�s� �a�s�s�e�r�t�e�d� �t�h�a�t� �h�e� �c�l�a�i�m�e�d� 

�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �y�i�e�l�d�e�d� �m�e�a�s�u�r�e�m�e�n�t�s� �w�h�i�c�h� �w�e�r�e� �6�0� �t�i�m�e�s� 

�m�o�r�e� �p�r�e�c�i�s�e� �t�h�a�n� �t�h�o�s�e� �u�s�i�n�g� �o�p�e�n� �s�i�g�h�t�s�.�?�!�3� �L�a�s�t�l�y�,� �t�h�e�y� 

� � 

�3�1�1� �T�p�i�d�.�,� �x�v�i�i�.� 
�3�1�2� �I�b�i�d�.� �H�o�o�k�e� �d�i�d� �n�o�t� �h�a�v�e� �t�o� �w�o�r�r�y� �a�b�o�u�t� �o�t�h�e�r�s� �u�s�i�n�g� �o�p�e�n� �s�i�g�h�t�s�.� 
�3�1�3� �T� �h�a�v�e� �c�o�m�e� �a�c�r�o�s�s�,� �n�o�t� �o�n�l�y� �p�r�i�m�a�r�y� �s�o�u�r�c�e�s�,� �b�u�t� �s�e�c�o�n�d�a�r�y� �s�o�u�r�c�e�s� 
�t�h�a�t� �m�a�k�e� �t�h�i�s� �c�l�a�i�m�.� �H�o�o�k�e� �w�a�s� �j�u�s�t�i�f�i�e�d� �i�n� �m�a�k�i�n�g� �t�h�i�s� �o�b�j�e�c�t�i�o�n� 
�d�e�s�p�i�t�e� �t�h�e� �f�a�c�t� �t�h�a�t� �h�e� �c�l�a�i�m�e�d� �t�h�a�t� �h�i�s� �i�n�s�t�r�u�m�e�n�t� �(�t�h�e� �o�n�e� �d�e�s�c�r�i�b�e�d� 
�i�n� �h�i�s� �A�n�i�m�a�d�v�e�r�s�i�o�n�s�)� �i�s� �"�4�0� �t�i�m�e�s� �b�e�t�t�e�r� �t�h�e�n� �w�h�a�t� �i�s� �n�o�w� �m�a�d�e� �a�n�d� 
�d�e�s�c�r�i�b�e�d� �b�y� �H�e�v�e�l�i�u�s�.� �.� �.�"� �(�A�n�i�m�a�d�v�e�r�s�i�o�n�s�,� �i�n� �G�u�n�t�h�e�r�,� �E�a�r�l�y�,� �V�o�l�.� �8�,� 
�7�3�)�.� �T�h�o�s�e� �w�h�o� �h�a�v�e� �i�n�a�c�c�u�r�a�t�e�l�y� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �H�o�o�k�e� �c�l�a�i�m�e�d� 
�t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s� �w�e�r�e� �6�0� �t�i�m�e�s� �m�o�r�e� �a�c�c�u�r�a�t�e� �t�h�a�n� �o�p�e�n� �s�i�g�h�t�s�,� �m�i�g�h�t� 
�h�a�v�e� �b�e�e�n� �c�o�n�f�u�s�e�d� �w�i�t�h� �H�o�o�k�e�'�s� �c�l�a�i�m� �t�h�a�t� �h�e� �c�o�u�l�d�  ��d�o� �m�o�r�e� �w�i�t�h� �a� 
�Q�u�a�d�r�a�n�t�,� �S�e�x�t�a�n�t� �o�r� �O�c�t�a�n�t�,� �o�f� �1� �f�o�o�t� �R�a�d�i�u�s�,� �f�u�r�n�i�s�h�e�d� �w�i�t�h� 
�T�e�l�e�s�c�o�p�i�c�a�l� �S�i�g�h�t�s� �a�n�d� �S�c�r�e�w�s�,� �t�h�e�n� �c�a�n� �p�o�s�s�i�b�l�y� �b�e� �d�o�n�e� �w�i�t�h� �a�n�y� �o�t�h�e�r� 
�I�n�s�t�r�u�m�e�n�t�s�,� �f�u�r�n�i�s�h�e�d� �o�n�l�y� �w�i�t�h� �C�o�m�m�o�n� �S�i�g�h�t�s�,� �t�h�o�u�g�h� �1�0�,� �2�0�,� �3�0�,� �n�a�y� 
�t�h�r�e�e�s�c�o�r�e� �[�6�0�]� �f�o�o�t� �R�a�d�i�u�s� �(�e�m�p�h�a�s�i�s� �m�i�n�e�,� �I�b�i�d�.�,� �7�9�)�.� �T�h�e�r�e�f�o�r�e�,� �h�e� 
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�a�r�g�u�e�d� �t�h�a�t� �H�o�o�k�e� �n�e�v�e�r� �t�o�o�k� �u�p� �H�e�v�e�l�i�u�s�'� �c�h�a�l�l�e�n�g�e� �t�o� �c�a�r�r�y� 

�o�u�t� �m�e�a�s�u�r�e�m�e�n�t�s� �u�s�i�n�g� �t�e�l�e�s�c�o�p�i�c� �s�i�g�h�t�s�.�3�!�4� �H�o�o�k�e� �r�e�s�p�o�n�d�e�d� 

�t�h�a�t� �t�h�e� �F�i�r�e� �o�f� �L�o�n�d�o�n� �p�r�e�v�e�n�t�e�d� �h�i�m� �f�r�o�m� �c�a�r�r�y�i�n�g� �o�u�t� �t�h�e� 

�p�a�r�t�i�c�u�l�a�r� �m�e�a�s�u�r�e�m�e�n�t�s� �H�e�v�e�l�i�u�s� �h�a�d� �s�p�e�c�i�f�i�e�d�,� �a�l�t�h�o�u�g�h� 

�H�e�v�e�l�i�u�s�'�  ��u�n�k�i�n�d� �R�e�c�e�p�t�i�o�n�"� �o�f� �p�r�e�v�i�o�u�s� �o�b�s�e�r�v�a�t�i�o�n�s� �b�y� 

�H�o�o�k�e�,�  ��w�a�s� �e�n�o�u�g�h� �t�o� �d�e�t�e�r�"� �H�o�o�k�e� �f�r�o�m� �c�o�m�p�l�y�i�n�g� �w�i�t�h� 

�H�e�v�e�l�i�u�s�'� �w�i�s�h�e�s�.�7�!�5� �A�l�t�h�o�u�g�h� �H�o�o�k�e� �r�e�p�l�i�e�d� �t�o� �e�a�c�h� �c�o�m�p�l�a�i�n�t� 

�i�n� �h�i�s� �l�e�t�t�e�r�,� �h�i�s� �s�a�r�c�a�s�t�i�c� �a�n�d� �a�c�r�i�m�o�n�i�o�u�s� �p�e�r�s�o�n�a�l�i�t�y� 

�c�o�u�l�d� �n�o�t� �b�e� �s�e�p�a�r�a�t�e�d� �f�r�o�m� �h�i�s� �v�i�e�w�s�.� �I�n� �t�h�e� �f�i�n�a�l� �y�e�a�r�s� �o�f� 

�h�i�s� �l�i�f�e�,� �h�e� �w�r�o�t�e� �s�e�v�e�r�a�l� �s�m�a�l�l� �p�a�p�e�r�s�,� �b�u�t� �h�e� �r�e�m�a�i�n�e�d� 

�b�e�d�-�r�i�d�d�e�n�,� �a�n�d� �d�i�e�d� �o�n� �M�a�r�c�h� �3�,� �1�7�0�2�.�3�1�6� 

�A�f�t�e�r� �H�e�v�e�l�i�u�s�'� �d�e�a�t�h� �i�n� �1�6�8�7�,� �n�o� �o�n�e� �e�l�s�e� �c�o�n�t�i�n�u�e�d� 

�t�o� �a�d�v�o�c�a�t�e� �t�h�e� �u�s�e� �o�f� �o�p�e�n� �s�i�g�h�t�s� �w�i�t�h� �t�h�e� �s�a�m�e� �f�e�r�v�o�r� �a�s� 

�H�e�v�e�l�i�u�s�,� �n�o�r� �w�a�s� �a�n�y�o�n�e� �q�u�a�l�i�f�i�e�d� �t�o� �c�o�n�t�i�n�u�e� �t�h�i�s� 

�t�r�a�d�i�t�i�o�n�.� �A�s�t�r�o�n�o�m�e�r�s� �r�e�a�l�i�z�e�d� �t�h�a�t� �t�h�e� �n�a�t�u�r�e� �o�f� �a�s�t�r�o�n�o�m�y� 

�h�a�d� �c�h�a�n�g�e�d� �t�o� �s�u�c�h� �a� �d�e�g�r�e�e� �t�h�a�t� �t�o� �e�m�u�l�a�t�e� �H�e�v�e�l�i�u�s�'� 

�m�e�t�h�o�d�s� �w�a�s� �t�o� �g�o� �b�a�c�k� �o�n� �p�r�o�g�r�e�s�s� �i�t�s�e�l�f�.� 

� � 

�w�a�s� �d�i�s�c�u�s�s�i�n�g� �t�h�e� �d�i�m�e�n�s�i�o�n�s� �o�f� �i�n�s�t�r�u�m�e�n�t�s�,� �n�o�t� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� 
�p�r�e�c�i�s�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �t�y�p�e�s� �o�f� �s�i�g�h�t�s�!� 

�3�1�4� �H�o�o�k�e�,� �P�o�s�t�h�u�m�o�u�s� �W�o�r�k�s�,� �x�v�i�.� 
�3�1�5� �I�p�b�i�d�.�,� �x�v�i�i�i�.� 
�3�1�6� �W�e�s�t�f�a�l�l�,�  ��H�o�o�k�e�,�"� �4�8�7�.� 
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