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AMPÈRE, André-Marie.

AMPÈRE ON GAME THEORY – HIS VERY 
RARE FIRST PUBLISHED WORK
AMPÈRE, André-Marie. Considérations sur la théorie mathématique du jeu. 
Lyon: Chez les Frères Perisse … et se trouve à Paris chez la veuve Perise … et chez 
Duprat … An II, 1802.

$25,000

4to (270 x 212 mm), pp. [iv], 63, [1, blank], uncut and mostly unopened. Contem-
porary pink wrappers lined with printer’s waste on interior (very minor wear to 
extremities). Housed in a custom brown cloth box. A superb copy.

First edition, very rare, of Ampère’s first published work, a treatise on the theory 
of games “noted for its elegant and polished, though simple, application of the 
calculus to probabilities” (Catholic Encyclopedia). “It was on the strength of this 
paper that he was appointed to the professorship at Lyons and later [in 1809] to a 
post at the École Polytechnique in Paris” (Hutchinson’s DSB). In modern terms, 
Ampère discusses in this work the ‘gambler’s ruin problem.’ A gambler repeatedly 
plays a game which he has a certain probability of winning, and each time he wins 
or loses his fortune increases or decreases by a fixed amount; the problem is to 
determine the probability that the gambler eventually loses his initial fortune. By 
enumerating the sequences of games, Ampère determined the probability that 
a gambler with initial fortune m is ruined after p wins and m + p losses, and 
summed the result for all values of p, using d’Alembert’s ratio test to prove con-
vergence of the resulting series. “His first mathematical paper, ‘Considerations 
sur la théorie mathématique du jeu’ (1802), proved that a single player inevitably 
would lose in a game of chance if he were opposed by a group whose financial 
resources were infinitely larger than his own” (DSB). “Although in 1802 Ampère 
was not as yet concerned with the conceptual basis of the calculus as such, in his 
first memoir he conclusively demonstrated his thorough familiarity with power 
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series and his skill in the manipulation of their coefficients” (Hofmann, p. 62). 
This work “is so rare that that it remained unknown to H. M. Walker, Studies in 
the History of Statistical Methods and it is not even mentioned in Smith’s History of 
Mathematics” (Ernst Weil, Cat. 33, no. 43). No copy on ABPC/RBH in the past 25 
years. OCLC lists 11 copies in Europe (including both issues) but none in North 
America.

Ampère (1775-1836) grew up in the village of Poleymieux, near Lyon. Essentially 
an autodidact, Ampère’s childhood came to an end in 1789 with the outbreak of 
the French Revolution. When Lyon fell to the troops of the Republic, his father 
Jean–Jacques Ampère was tried and guillotined on 23 November 1793. He mar-
ried Julie Carron, from a neighbouring village, on 7 August 1799. “He was able 
to make a modest living as a mathematics teacher in Lyon, where on 12 August 
1800 his son, Jean–Jacques, was born. In February 1802 Ampère left Lyon to be-
come professor of physics and chemistry at the École Centrale of Bourgen-Bres-
se, a position that provided him with more money and, more important, with 
the opportunity to prepare himself for a post in the new lycée that Napoleon 
intended to establish at Lyons. In April of that year he began work on an original 
paper on probability theory that, he was convinced, would make his reputation. 
Thus, everything concurred to make him feel the happiest of men. Then tragedy 
struck. Julie had been ill since the birth of their son, and on 13 July 1803 she died. 
Ampère was inconsolable, and began to cast about desperately for some way to 
leave Lyons and all its memories. On the strength of his paper on probability, he 
was named répétiteur in mathematics at the École Polytechnique in Paris” (DSB).

“Ampère’s first mathematics essay was a consideration of the probabilities associ-
ated with a gambler’s attempt to avoid elimination from a game of chance by los-
ing all of a finite initial fortune. The problem may first have occurred to Ampère 
during parlor games at Poleymieux; he commented in a letter to Couppier [a 
friend from a nearby village] that he sometimes lost his entire allotment of tokens 
in the course of an evening’s games. The composition of the memoir spanned 
most of 1802, and Ampère refers to it in letters to Julie beginning in April of that 
year. At that point he asked her to send him all his mathematics reference books 

and notes, material he had left behind in Lyon and had not consulted seriously for 
five years. His renewed interest was sparked by a desire to impress the examining 
committee for the forthcoming mathematics position at the Lyon Lycée. His ini-
tial insight was the discovery of a ‘direct solution’ to a problem he had posed for 
himself seven years earlier.

“Ampère began by considering a gambler who is assumed to wager the same spe-
cific fraction of his original fortune in every game. That is, his initial resources 
are divided into m equal parts and he wagers one of these parts in every game. 
What is the probability that the gambler will be eliminated from further play after 
any specific number of games? In any particular sequence of games the gambler 
will be eliminated if he wins p games and loses (m + p) games, where p can be 
any possible number of victorious games. Ampère let q be the ratio between the 
probability to win a game and the probability to lose. These two probabilities can 
thus be written as q/(1 + q) and 1/(1 + q), respectively. The first and primary goal 
of Ampère’s essay is to calculate the probability of the gambler being eliminated 
as a function of q” (Hofmann, pp. 62-63).

Ampère finds that the probability of elimination after p wins and (m + p) losses 
is given by:

qp(1 + q)– (m + 2p)m(m + 2p – 1)! / p!(m + p)!

“Ampère then calculated the general probability of elimination by considering the 
above probability for all values of p. His goal was to determine the probability of 
elimination by calculating the value of the sum of the resulting infinite series …

“Ampère expanded each term involving (1 + q) using the binomial theorem. Ini-
tially he did not notice that the expansion must actually be done for two different 
cases, depending on whether q is larger or smaller than unity. Early in 1803, when 
Ampère finally submitted his memoir to the First Class of the Institut, Laplace no-
ticed this oversight and mentioned it in a letter to him. The flaw caused Ampère 
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considerable consternation; in a letter to Julie he remarked that he initially read 
Laplace’s comment as the éloge of his memoir. But he soon recovered when he 
noticed that only a few pages of the paper needed to be altered and learned that 
his brother-in-law Marsil was willing to quickly print up a corrected insert. In the 
altered version Ampère considered the two possible series and used an interesting 
recursion formula to show that in both cases the coefficient of each power of q 
vanished when the probability sums are written out for all values of p. This leaves 
for the value of the probability [of ruin] only the first term in each series. For q 
less than 1 this value is unity and for larger values of q the probability is q– m. In 
other words, if the odds of winning the game are less than the odds of losing (q < 
1), then the gambler will inevitably be ruined eventually …

“Ampère’s isolation in Bourg was one reason for his multiple revisions of the 
memoir and his hesitation to consider it complete. Couppier was too polite to 
make objections, if indeed he had any. Ampère suspected that Clerc [i.e., François 
Clerc, Professor of Mathematics at the Bourg École centrale] did not fully under-
stand the paper and thus gave untrustworthy praise. These suspicions grew when 
Lalande read an early version of the paper following Ampère’s presentation to the 
Société d’Émulation de l’Ain on 26 July 1802. The Société was one of the few cen-
ters for intellectual life in Bourg and Ampère was pleased that his memoir result-
ed in his election as an associate member. Lalande made a guest appearance at the 
meeting, studied the memoir with Clerc, and gave a positive assessment that won 
Ampère membership. Ampère’s enthusiasm waned when Lalande suggested that 
he include some numerical illustrations of the solution so as to make the results 
more accessible. Ampère had good reason to believe that Lalande simply did not 
understand the derivation and wanted to see some simple examples. Ampère was 
slightly offended and felt that this would give his memoir the style of a schoolboy 
primer …

“Several aspects of Ampère’s first significant publication are worth noting. First, 
it is clear that at this point in his career he had a thorough knowledge of the 
technique of power series expansions based on the binomial theorem. He could 
manipulate these series at will and was clever at using recursion relations to trans-
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form them into interesting results. Second, he was aware of the pitfalls of diver-
gent series. Laplace’s critique drove home this point conclusively. Third, Ampère 
demonstrated a preference for what he called ‘direct’ proof rather than proof ‘by 
induction’, that is, rather than show that a result held for various values of his 
parameter p and then assume that it held for all values, he went out of his way to 
derive the general result directly. This was a preference that was characteristic of 
him, and it would recur throughout his career” (Hofmann, pp. 64-66).

There are two issues of this work, of which ours is the second. In this issue, pp. 
17-20 are cancels, these two leaves being corrected following the criticism of the 
first issue by Laplace described above. 

Poggendorff I, col. 39. Hofmann, André-Marie Ampère. Enlightenment and Elec-
trodynamics, 1995.
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APIANUS, Petrus; GEMMA FRISIUS, Rainerus.

A LANDMARK IN THE HISTORY OF 
CARTOGRAPHY - INVENTION OF THE 
METHOD OF TOPOGRAPHICAL 
TRIANGULATION
APIANUS, Petrus; GEMMA FRISIUS, Rainerus. Cosmographicus liber Petri 
Apiani mathematici, iam denuo integritati restitutus per Gemmam Phrysium. Item 
eiusdem Gemmae Phrysij libellus de locorum describendorum ratione, & de eorum 
distantijs inueniendis, nunquam ante hac visus. Antwerp: Johannes Graphaeus for 
Arnold Birckman, 1533.

$17,500

Small 4to (207 x 155mm), ff. LXVI, title-page with large woodcut illustration of a 
globe, numerous astronomical and geographical woodcuts in text, those on ff. C1v, 
C4v, H4r, and O1r with intact and working volvelles, two unused woodcuts for the 
‘Instrumentum Syderale’ pasted to f. LVr (light browning). Eighteenth-century stiff 
buntpapier wrappers (a little rubbed).

First edition of Apianus’ cosmography to include Gemma’s highly important trea-
tise on topographical triangulation, a landmark in the history of cartography – 
copies such as ours which are complete with all the volvelles are very rare. “The 
work that firmly established Apianus’ academic credentials was Cosmographicus 
Liber (1524) … it was a lavishly-illustrated treatise on astronomy, navigation, 
geography, cartography and weather; it contained digressions on various map 
projections, the shape of the Earth, and descriptions of the use of mathematical 
instruments … Cosmographicus Liber … was an immediate success enjoying at 
least 45 editions in four languages by at least 18 different publishers and remained 
in print for over a half-century after Apianus’ death. Gemma Frisius carried out 
a careful correction and annotation of the 1524 version; the result was published 
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in 1529 … But it was the 1533 edition of Frisius’ annotated version, including his 
short works De locorum describendorum ratione (Concerning the method of de-
scribing places) and De eorum distantijs inueniendis (On the determination of dis-
tances), that earned the book its greatest popularity and secured its place in histo-
ry” (Barentine, p. 151). On the De locorum describendorum ratione, Haasbroek (p. 
11) notes: “its importance can hardly be gauged: for it revealed the final definite 
way of representing any country with its towns … by means of a series of triangles 
with one common basis which could be measured with preciseness so that it led 
to accurate distances and became the beginning of actual geography; subsequent 
times have only been able to add to it more facilities in the checking and the reg-
istering of the various elements”. Van Ortroy (pp. 58-9) notes that the principles 
of triangulation in it “sont absolument conformes à ceux de la planimétrie ou de 
la topographie moderne”.“During the first half of the sixteenth century Germa-
ny was the principal center of both mathematical and descriptive geography … 
[The] German school of geographers had its greatest exponents in Peter Apian 
(1501-52) and Sebastian Münster (1489-1552). Apian was an astronomer and 
mathematician; in his Cosmographicus Liber … subsequently edited by the great 
Flemish mathematician Gemma Phrysius [Frisius] (1508-55), he based the whole 
science on mathematics and measurements, following Ptolemy in making a dis-
tinction between geography (the study of the earth as a whole) and chorography 
(the study of specific areas). His work may best be described as a theoretical text-
book; for a hundred years it was a standard source” (Penrose, pp. 308-9). “ … it is 
the book’s volvelles that represent its main selling point and principal innovation. 
Whereas earlier books of similar content were largely constructed around sets of 
tabular information, Apianus’ volvelles turned the pages of Cosmographicus Liber 
into functional computers, enabling skilled users to make calculations involving 
navigation, distances and time” (Barentine, p. 152). Apianus used volvelles so ef-
fectively in his work that they are sometimes known as Apian wheels. The paper 
volvelles also served a commercial purpose – they provided his readers with a 
model of the real instruments he could produce. ABPC/RBH list only four copies 
complete with all the volvelles and pasted-on woodcuts in the last 50 years, all in 
19th or 20th century bindings.

“Petrus Apianus, also known as Peter Apian, Peter Bennewitz, and Peter Biene-
witz, was one of the foremost mathematical publishers, instrument makers and 
cartographers of the sixteenth century. Born on 16 April 1495 in Leisnig, Saxony, 
he was one of four sons of Martin Bienewitz, a shoemaker of comfortable mid-
dle-class extraction. He was educated first at the Latin school in Rochlitz, and 
then from 1516 to 1519 at the University of Leipzig where he studied astronomy, 
mathematics, and cosmography. While at Leipzig, he Latinized his surname to 
‘Apianus’, deriving from apis (‘bee’) and equivalent to Biene in German. Apianus 
relocated to Vienna in 1519 to complete his degree at the University of Vien-
na, taking a B.A. two years later during an outbreak of plague. Fleeing the city, 
he landed first in Regensburg before settling in Landshut. He married Katharina 
Mosner, the daughter of a local councilman, in 1526 and by her had fourteen 
children. Among his sons was Philip Apianus, born 1531, who would later follow 
his father into the study of mathematics.

Apianus was fascinated first and foremost by cosmography, a broad science of the 
Renaissance which set out to explain everything in the universe within a math-
ematical framework. He excelled in its study and later became one of its most 
famous practitioners; by modern standards, he can be thought of as one of the 
best applied mathematicians of his day. His interest in cartography was stimulated 
during one of the most momentous periods in European history: the Age of Ex-
ploration, witnessing the trailblazing voyages of the likes of da Gama, Columbus, 
and Magellan.

“The Cosmography instructs its readers on how to determine latitude, longitude 
and the time with the aid of instruments. For the measurement of longitude it 
proposes a recent technique involving an instrument for measuring angles called 
the Jacob’s staff. After having expanded the construction of a personal Jacob’s staff, 
Apian explains how longitude can be derived with the aid of the staff, astronomi-
cal tables and a little calculation. In itself his explanation is quite difficult to inter-
pret, and fortunately Apian inserts an illustration of the construction and use of 
this instrument [f. XVIv]. However, on closer inspection this picture is more than 
a mere illustration. It provides a valuable compliment to the text by incorporating 
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a visual explanation of the geometrical basis of this technique of finding longitude 
which the text does not even hint at. Apian makes two lines of vision intersect in 
the moon and shows by graduated marks on either side of the intersection that 
the difference between the angles of vision of two observers is equal to their dif-
ference in longitude. The geometry is extremely simple (the picture clearly shows 
the quality of opposing angles without verbalising it) but driving it from Apian’s 
text would be very difficult.

“The Cosmography also incorporates five volvelles, i.e. paper instruments with 
moving parts. The first of these is intended to show that the terrestrial latitude of 
a place is equal to the observed height of the world [f. IXv]. The accompanying 
text explicitly refers to Sacrobosco’s Sphere (book II), which contains a proof that 
‘the elevation of the pole of the world above the horizon is as great as the distance 
of the zenith from the equator’ … The relevance of this proposition to the inves-
tigation of latitude was recognised by only some of Sacrobosco’s commentators, 
which indicates the disciplinary separation between late medieval astronomy and 
cosmography. Apian therefore translates Sacrobosco’s proposition to one con-
cerning latitude by clarifying that the latitude of an observer is the arc between 
the pole of his horizon (zenith) and the terrestrial equator. More important for 
the matter at hand is the fact that Apian does not incorporate Sacrobosco’s verbal 
proof but instead uses the volvelle to make a visual point. The somewhat labori-
ous reading of a simple but non-illustrated mathematical proof is replaced with a 
device which immediately shows the relation between terrestrial latitude and the 
height of the pole in a small model.

“Two other volvelles offered by Apian are two-dimensional models of the quan-
tified path of the Sun across the sky over the Earth’s surface. Determining the 
quantity of solar movement in Apian’s time could proceed in two general ways: 
calculating the motion in astronomical tables or visualising it on an instrument. 
A distinguishing characteristic of mathematical instruments in Apian’s time is the 
visualisation of the relations between quantified data.

“These volvelles are conceptually based on familiar astronomical calculating 
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instruments, but are modified to suit a didactic and cosmicgraphical purpose. 
The first of both volvelles, the so-called organum Ptolomei, may be regarded as a 
universal sundial designed for instruction [f. XIIv]. It has three movable parts: a 
rectangle representing the horizon, a triangle measuring the Sun’s altitude, and a 
rotatable disk indicating the Sun’s declination, its hour-lines and the altitude of 
the celestial pole. The double didactic efficacy of the instrument is remarkable. 
First of all it provides a two-dimensional model of the Sun’s annual and daily path 
across the heavens (the rotatable disk), related to the perspective of a terrestrial 
observer (the horizon). Compared to a regular sundial, this rare instrument em-
ploys a much more transparent projection which distinctly models and visualis-
es its astronomical basis. As such it provides a powerful introduction to visual 
thinking about astronomical phenomena and relations. Learning this skill most 
probably was indispensable to a proper understanding of the principles of math-
ematical instruments in this period. On this basis the organun Ptolomei secondly 
instructs on the specific techniques of time measurement by means of the Sun’s 
movement. If properly positioned for a specific latitude, the intersection of the 
triangle with a grid of parallel- and hour-lines on the rotating disc works like an 
equatorial sundial, while the intersection of the horizon-line with this grid can 
easily be related to the set-up of a horizontal sundial. Apianus however did not 
provide a practical instrument: inserting it in a book and producing it in paper 
made it quite impossible to keep his instrument in the horizontal plane as was 
required.

“The second volvelle of this type is a paper astrolabe equipped with a geographi-
cal or map-plate [f. XXXIIr]. This exclusively cosmographical variant of the age-
old astrolabe indicates the latitude and longitude of a region, the movement of the 
Sun as seen from the Earth, and the relative time in different parts of the Earth. 
Notwithstanding its typical plate, this model referred the reader of the Cosmogra-
phy to a type of projection different from that of the organum Ptolomei but very 
common for designing astrolabes. It thus literally offered a different perspective 
to the forementioned visual thinking about astronomical concepts as well as a 
modest reference to more common astronomical astrolabes. In both cases the 
latter function can be interpreted as a reference to commercially available math-

ematical instruments. A remarkable example of this is a brass astrolabe made in 
1560 by a genius Egidius Coignet from Antwerp, which has Apian’s geographical 
place on the front and the organum Ptolomei on the back. The link between this 
extraordinary instrument and Apian’s Cosmography is evident. The precise na-
ture of the relationship however is not. Coignet seems to have made this instru-
ment for a rich commissioner with a non-professional interest in instruments and 
exquisite design, who was acquainted with Apian’s Cosmography. The symbiosis 
between cosmography and instrument-design not only made cosmographical 
treatises depict actual instruments, but also led to occasional brass implemen-
tation of paper instruments contained in these treatises” (Vanden Broecke, pp. 
139-141).

The two unused volvelles pasted onto f. 55r relate to the Instrumentum Syderale 
illustrated on the preceding page. This was an early form of ‘nocturnal’, an instru-
ment used to determine the local time by measuring the relative positions of two 
or more stars in the night sky, in this case the last two stars of the Plough in rela-
tion to the Pole star. Apianus not only depicted the image of the Instrumentum, 
but also reproduced the individual components of a “nocturnal” to be cut out and 
assembled as illustrated. These two components were originally loosely inserted 
in the book, and so are often missing, but were often pasted in to avoid their be-
ing lost. Nocturnal’s had been used since the 12th century at least, but Apianus’s is 
perhaps the earliest printed illustration of the instrument in use.

Gemma Frisius was born in Dokkum in Friesland (now in the Netherlands) in 
1508. He studied medicine in the Collegium Trilingue at Louvain (modern Bel-
gium) from 1525, achieving an M.D. in 1536. Although Gemma is most remem-
bered for his contributions to instrument making and cosmography, his formal 
training and occupation in medicine shows that most mathematical cosmogra-
phy was then practiced outside universities. At 21 and while still a student, Gem-
ma published his corrected edition of Apian’s Cosmographia (to be followed by 
several subsequent enlarged editions), and in the following year Deprincipiis as-
tronomiae et cosmographiae. During these years and after, Gemma produced a 
great number of mathematical instruments, maps and globes. His new designs in-
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cluded the astronomical rings described in his editions of the Cosmographia and 
the new kind of cross-staff described in De radio astronomico (1545). During and 
after his schooling, Gemma ran an instrument-making workshop that achieved 
great renown. As late as the end of the century, Tycho commented on the quality 
and accuracy of Gemma’s instruments. Among his students were Gerard Mer-
cator, John Dee, his nephew Arsenius and possibly the early English instrument 
maker Gemini. Like Apian, Gemma was patronized by the Emperor Charles V. 
Gemma Frisius died in 1555 at the age of 47 in Louvain.

The Libellus de locorum describendorum ratione has seven chapters. “In the first 
and most important chapter Gemma gives first a definition of what we call now-
adays a magnetic bearing. Then he treats the principles of triangulation. They 
are illustrated with some drawings but there is not a single formula in the text … 
Two more accurate methods are described in the third and the fourth chapter” 
(Haasbroek, pp. 11 & 13).

“Chapter I. Topographical survey – with unknown longitudes, latitudes, and dis-
tances of the stations – was a novelty … The horizontal use of an astrolabe for the 
determination of azimuths of celestial bodies was centuries old; Gemma was the 
first to realize that by determining the bearings of terrestrial landmarks, and by 
repeating the observations at several stations, a network could be drawn on paper 
which would give, by the intersections of corresponding pointings, a map of the 
country surveyed. The instrument devised by Gemma for this graphic triangula-
tion is a link between the astrolabe and our plane table … The choice of Antwerp 
as the first station was highly appropriate; so was the choice of Louvain, in the 
illustration of the ‘angulis positionis’ counted from the (magnetic) meridian of 
Antwerp. The value of the clear and methodical exposition is enhanced by the 
inclusion of stations (Middelberg and Bergen op Zoom) invisible from Brussels, 
the consideration of the case of the alignment of three stations, and the determi-
nation of the scale without measuring the baseline Antwerp-Brussels. Gemma 
points out that the illustration on fol. 59v is not a map …

“Chapter II. The elementary problem of plotting the positions of stations whose 
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mutual distances – not directions – are known, is discussed here as a counterpart 
to the previous problem of mapping stations determined by their bearings only. 
Gemma is aware of the fact that the solution of the problem will meet with sur-
veying difficulties if the mutual distances of the stations are to be measured ‘in 
oceano & inter montes.’ The author considered, apparently, chapter II as a ‘second 
method’ of making maps, and the two or three following chapters merely a special 
cases of surveying practice …

“Chapter III. Gemma gives here a solution of the surveying problem of deter-
mining – by means of similar triangles – the distance of an inaccessible object … 
Gemma informs the reader who should desire a mathematical proof that he has 
it in readiness for him …

“Chapter IV. The use, for surveying purposes, of the altimetric or shadow scales, 
in the lower quadrants on the reverse side of an astrolabe suspended by its ring, 
was not new. Gemma introduces here the new idea of using the altimetric scales 
in a horizontal plane for determining the distance of a remote object” (Pogo, pp. 
475-7). For this method, “a ‘mathematical instrument’ must be used, the so called 
scala altimetra or scala geometrica … It consists of a cross-sight vane with which 
right angles can be set out. It is fastened on a staff ‘with a length of five or six feet’” 
(Haasbroek, p. 13). 

“Chapter V. The relative positions and distances of the inaccessible points a, b, 
and c are determined by means of their bearings from the stations d and e at 
the end of the measured baseline de” (Pogo, p. 478) “After the angles have been 
drawn on the map the distances between arbitrary points can be scaled-off on an 
arbitrary scale. If one distance is known in the terrain all other distances can be 
computed by a proportion … he states that the distances can also be computed 
‘with the tables of sine, but I omitted this intentionally as it is too difficult for the 
common man’” (Haasbroek, pp. 13-14).

“Chapter VI. The method of triangulation by distances and bearings … is an ap-
plications and combination of the precepts given in the previous chapters …
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“Chapter VII. Approximate solution of the following problem: knowing the dif-
ference of latitude of two places, and their distance, to find their difference in 
longitude … No great precision could be expected from the solution offered: the 
two places had to be sufficiently close to justify the fiction of a plane rectangular 
triangle, and this implied a rather unreliable value of the difference in longitude” 
(Pogo, pp. 478-9). Gemma recognizes that “without deformation, the spherical 
earth cannot be represented on a flat map, not even ‘if Ptolemy would come back’” 
(Haasbroek, p. 14).

It appears that, possibly for reasons of ill health, Gemma himself never applied his 
triangulation techniques in practice. The first important practical application was 
made by Tycho Brahe (1546-1601), who carried out a triangulation of The Sound 
in Denmark, in which his island of Hven was situated. Tycho wanted to determine 
the longitude difference between his observatory Uraniborg on Hven and Copen-
hagen. “It is important to state that Tycho Brahe had connections with members 
of Gemma’s family. For, in his ‘Description of his instruments and scientific work’ 
he mentions that the radius astronomicus (cross-staff) and annulus astronomicus 
(astronomical ring) which he uses ‘are not constructed by myself but by Walter 
Arscenius, a grandson of the eminent mathematician Gemma Frisius who at one 
time lived in Louvain in Belgium’ … From the quotation ‘eminent mathematician 
Gemma Frisius’ it is clear that Tycho must have known Gemma’s work. Moreover, 
it was written in the language (Latin) which was accessible to him. If he had not 
known it from his own investigation – which is improbable – Arscenius would 
have drawn his attention to it. Therefore Tycho’s triangulation over The Sound in 
Denmark could probably be carried out because he knew the principles of trian-
gulation which were published 45 years earlier in Gemma’s remarkable Libellus” 
(Haasbroek, p. 15). “Tycho’s triangulation from 1578 and 1579 included targets in 
the towns Helsingør, Køge, Copenhagen, Helsingborg, Landskrona, and Malmö. 
To determine the scale of the network, a baseline was measured on Hven. It was 
established between the center of Uraniborg observatory and the old Saint Ib 
church (middle of eastern tower). The length was 1,287.90 metres … Tycho pub-
lished a map of Hven [which] is the earliest map of any part of the Scandinavian 
countries based on a geodetic survey” (Borre, pp. 75-6).

Harrisse, Bibliotheca Americana Vetustissima, 179; Houzeau & Lancastee 2392; 
JCB I, page 106; Sabin I, 1742; Van Ortroy, Apian 27 & Gemma 8. Barentine, 
Uncharted Constellations: Asterisms, Single-Source and Rebrands, 2016. Borre, 
‘Fundamental triangulation networks in Denmark,’ Journal of Geodetic Science 
4 (2014), pp. 74-86. Haasbroeke, Gemma Frisius, Tycho Brahe and Snellius and 
their Triangulations, 1968. Penrose, Travel and Discovery in the Renaissance 1420-
1620, 1952. Pogo, ‘Gemma Frisius, his Method of Determining Differences of 
Longitude by Transporting Timepieces (1530), and his Treatise on Triangulation 
(1533),’ Isis 22 (1935), pp. 469-506. Vanden Broecke, ‘The use of visual media in 
Renaissance cosmography: the Cosmography of Peter Apian and Gemma Frisius,’ 
Paedagogica Historica 36 (2000), pp. 131-150.
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IMPORTANT ASTRONOMICAL/
GEOGRAPHICAL RENAISSANCE 
TREATISE WITH SEVERAL REFERENCES 
TO AMERICA
APIANUS, Petrus. Cosmographicus Liber a Petro Apiano Mathematico Studiose 
Collectus. Landshut: Johann Weissenburger fur Petrus Apianus, 1524.

$135,000

Small 4to (200 x 160mm), pp. [viii], 104, (8, last blank), title-page with large wood-
cut illustration of a globe, woodcut coat-of-arms of Archbishop Matthaus Lang of 
Salzburg on title-page verso, last leaf of the foreword with a large woodcut depicting 
a sphere, all printed in red and black. With volvelles on pp. 17, 24, 63 and the first 
leaf of the appendix as called for by Borba de Moraes (that on f. 24 with original 
lead weight). Early vellum over boards. A crisp clean copy. Quarter morocco case.

First edition, very rare, of one of the most important geographical and astronom-
ical texts of the Renaissance, and perhaps the most significant and influential of 
the 16th century instrument books for navigators and travellers. “During the first 
half of the sixteenth century Germany was the principal center of both mathe-
matical and descriptive geography … [The] German school of geographers had 
its greatest exponents in Peter Apian (1501-52) and Sebastian Münster (1489-
1552). Apian was an astronomer and mathematician; in his Cosmographicus Liber 
… subsequently edited by the great Flemish mathematician Gemma Phrysius 
[Frisius] under the simpler title Cosmographia, he based the whole science on 
mathematics and measurements, following Ptolemy in making a distinction be-
tween geography (the study of the earth as a whole) and chorography (the study 
of specific areas). His work may best be described as a theoretical textbook; for a 
hundred years it was a standard source” (Penrose, pp. 308-9). “Starting with the 
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distinction between cosmography, geography, and chorography, and using an in-
genious and simple diagram, the book defines terrestrial grids; describes the use 
of maps and simple surveying; defines weather and climate; and provides thumb-
nail sketches of the continents … The success of this and his previous works led to 
Apian’s appointment as professor of mathematics at the University of Ingolstadt, 
where he remained until his death. He was knighted by Charles V” (DSB). The 
maps on page 2 and 63, and the following passage in the text (p. 69), ‘America 
quae nunc Quarta pars terrae dicitur ab Americo Vespucio eiusde(m) inve(n)tore 
nomen sortita est. Et non immerito: Quoniam mari undig clauditur Insula appel-
latur…’, make this edition of the ‘Cosmography’ much sought after. Here Apianus 
attributes the discovery of America to Vespucci, which is called an island because 
it is surrounded by water on all sides. “The content was largely appropriated di-
rectly from Ptolemy, but it is the book’s volvelles that represent its main selling 
point and principal innovation. Whereas earlier books of similar content were 
largely constructed around sets of tabular information, Apianus’ volvelles turned 
the pages of Cosmographicus Liber into functional computers, enabling skilled 
users to make calculations involving navigation, distances and time” (Barentine, 
p. 152). Apianus used volvelles so effectively in his work that they are sometimes 
known as Apian wheels. The paper volvelles also served a commercial purpose 
– they provided his readers with a model of the real instruments Apianus could 
produce and which were available for purchase.

Provenance: several contemporary annotations from at least two different hands.

“Petrus Apianus, also known as Peter Apian, Peter Bennewitz, and Peter Biene-
witz, was one of the foremost mathematical publishers, instrument makers and 
cartographers of the sixteenth century. Born on 16 April 1495 in Leisnig, Saxony, 
he was one of four sons of Martin Bienewitz, a shoemaker of comfortable mid-
dle-class extraction. He was educated first at the Latin school in Rochlitz, and 
then from 1516 to 1519 at the University of Leipzig where he studied astronomy, 
mathematics, and cosmography. While at Leipzig, he Latinized his surname to 
‘Apianus’, deriving from apis (‘bee’) and equivalent to Biene in German. Apianus 
relocated to Vienna in 1519 to complete his degree at the University of Vien-

na, taking a B.A. two years later during an outbreak of plague. Fleeing the city, 
he landed first in Regensburg before settling in Landshut. He married Katharina 
Mosner, the daughter of a local councilman, in 1526 and by her had fourteen 
children. Among his sons was Philip Apianus, born 1531, who would later follow 
his father into the study of mathematics. 

“Apianus was fascinated first and foremost by cosmography, a broad science of the 
Renaissance which set out to explain everything in the universe within a math-
ematical framework. He excelled in its study and later became one of its most 
famous practitioners; by modern standards, he can be thought of as one of the 
best applied mathematicians of his day. His interest in cartography was stimulated 
during one of the most momentous periods in European history: the Age of Ex-
ploration, witnessing the trailblazing voyages of the likes of da Gama, Columbus, 
and Magellan. His first published work was a world map, Typus orbis universalis 
(1520), itself based on a contemporary map drawn by the German cartographer 
Martin Waldseemüller. The following year, Apianus published Isagoge, a geo-
graphical commentary on the 1520 map. 

“The work that firmly established Apianus’ academic credentials was Cosmo-
graphicus Liber, published by the printer and priest Johann Weyssenburger at 
Landshut in 1524. Frequently known as the Cosmographia in later editions, it was 
a lavishly-illustrated treatise on astronomy, navigation, geography, cartography 
and weather; it contained digressions on various map projections, the shape of 
the Earth, and descriptions of the use of mathematical instruments … The Cos-
mographia attracted the attention of the Holy Roman Emperor Charles V (1500–
1558), who praised the work at the Imperial Diet of 1530 and issued printing 
monopolies to Apianus’ press in 1532 and 1534. In 1535, Charles granted Apianus 
the right to display a coat of arms. 

“Cosmographicus Liber … was an immediate success enjoying at least 45 editions 
in four languages by at least 18 different publishers and remained in print for over 
a half-century after Apianus’ death. Gemma Frisius (born Jemme Reinerszoon, 
1508–1555) carried out a careful correction and annotation of the 1524 version; 
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the result was published in 1529 as a second edition, entitled Cosmographia von 
Petrus Apianus. Two years later, a less expensive, abridged version of Apianus’ 
original called Cosmographiae introductio was published at Ingolstadt. But it was 
the 1533 edition of Frisius’ annotated version, including his short works De loco-
rum describendorum ratione (Concerning the method of describing places) and 
De eorum distantijs inueniendis (On the determination of distances), that earned 
the book its greatest popularity and secured its place in history. 

“However, some of Apianus’ success was merely the result of fortuitous timing: a 
European reading public with an appetite for all things related to the New World 
ate up the book’s detailed discussion of newly-discovered lands in America. 
Again, he seems to have merely recycled content from previous authors; his in-
formation appears to be substantially drawn from the accounts in Cosmographiae 
introductio by Martin Waldseemüller, published at St. Die in 1507, and Johann 
Schöner’s Luculentissima quaeda[m] terrae totius description (The most brilliant 
description of the entire Earth), printed in 1515 at Nuremburg. Apianus’ work so 
strongly resembles Schöner’s book that Cosmographicus Liber may simply be an 
abridgment of its text …

“Apianus introduced one new figure in Cosmographicus Liber, an alternate figure 
for the bright stars of Ursa Major he called ‘Plaustrum’ (p. 21). Apanius’ figure 
shows a team of horses pulling a wagon, consistent with the European alternate 
view of Ursa Major as a four-wheeled wagon or ‘wain.’ The dualism of the Bear/
Wagon is at least as old as ancient Greece” (Barentine, pp. 147-152).

“The Cosmography instructs its readers on how to determine latitude, longitude 
and the time with the aid of instruments. For the measurement of longitude it 
proposes a recent technique involving an instrument for measuring angles called 
the Jacob’s staff. After having expanded the construction of a personal Jacob’s 
staff, Apian explains how longitude can be derived with the aid of the staff, astro-
nomical tables and a little calculation. In itself his explanation is quite difficult to 
interpret, and fortunately Apian inserts an illustration of the construction and use 
of this instrument (p. 32). However, on closer inspection this picture is more than 
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a mere illustration. It provides a valuable compliment to the text by incorporating 
a visual explanation of the geometrical basis of this technique of finding longitude 
which the text does not even hint at. Apian makes two lines of vision intersect in 
the moon and shows by graduated marks on either side of the intersection that 
the difference between the angles of vision of two observers is equal to their dif-
ference in longitude. The geometry is extremely simple (the picture clearly shows 
the quality of opposing angles without verbalising it) but driving it from Apian’s 
text would be very difficult.

“The Cosmography also incorporates five volvelles, i.e. paper instruments with 
moving parts. The first of these is intended to show that the terrestrial latitude 
of a place is equal to the observed height of the world (p. 17). The accompanying 
text explicitly refers to Sacrobosco’s Sphere (book II), which contains a proof that 
‘the elevation of the pole of the world above the horizon is as great as the distance 
of the zenith from the equator’ … The relevance of this proposition to the inves-
tigation of latitude was recognised by only some of Sacrobosco’s commentators, 
which indicates the disciplinary separation between late medieval astronomy and 
cosmography. Apian therefore translates Sacrobosco’s proposition to one con-
cerning latitude by clarifying that the latitude of an observer is the arc between 
the pole of his horizon (zenith) and the terrestrial equator. More important for 
the matter at hand is the fact that Apian does not incorporate Sacrobosco’s verbal 
proof but instead uses the volvelle to make a visual point. The somewhat labori-
ous reading of a simple but non-illustrated mathematical proof is replaced with a 
device which immediately shows the relation between terrestrial latitude and the 
height of the pole in a small model.

“Two other volvelles offered by Apian are two-dimensional models of the quan-
tified path of the Sun across the sky over the Earth’s surface. Determining the 
quantity of solar movement in Apian’s time could proceed in two general ways: 
calculating the motion in astronomical tables or visualising it on an instrument. 
A distinguishing characteristic of mathematical instruments in Apian’s time is the 
visualisation of the relations between quantified data.

“These volvelles are conceptually based on familiar astronomical calculating 
instruments, but are modified to suit a didactic and cosmicgraphical purpose. 
The first of both volvelles, the so-called organum Ptolomei, may be regarded as 
a universal sundial designed for instruction (p. 24). It has three movable parts: a 
rectangle representing the horizon, a triangle measuring the Sun’s altitude, and a 
rotatable disk indicating the Sun’s declination, its hour-lines and the altitude of 
the celestial pole. The double didactic efficacy of the instrument is remarkable. 
First of all it provides a two-dimensional model of the Sun’s annual and daily path 
across the heavens (the rotatable disk), related to the perspective of a terrestrial 
observer (the horizon). Compared to a regular sundial, this rare instrument em-
ploys a much more transparent projection which distinctly models and visualis-
es its astronomical basis. As such it provides a powerful introduction to visual 
thinking about astronomical phenomena and relations. Learning this skill most 
probably was indispensable to a proper understanding of the principles of math-
ematical instruments in this period. On this basis the organun Ptolomei secondly 
instructs on the specific techniques of time measurement by means of the Sun’s 
movement. If properly positioned for a specific latitude, the intersection of the 
triangle with a grid of parallel- and hour-lines on the rotating disc works like an 
equatorial sundial, while the intersection of the horizon-line with this grid can 
easily be related to the set-up of a horizontal sundial. Apianus however did not 
provide a practical instrument: inserting it in a book and producing it in paper 
made it quite impossible to keep his instrument in the horizontal plane as was 
required.

“The second volvelle of this type is a paper astrolabe equipped with a geographical 
or map-plate (p. 63). This exclusively cosmographical variant of the age-old as-
trolabe indicates the latitude and longitude of a region, the movement of the Sun 
as seen from the Earth, and the relative time in different parts of the Earth. Not-
withstanding its typical plate, this model referred the reader of the Cosmography 
to a type of projection different from that of the organum Ptolomei but very com-
mon for designing astrolabes. It thus literally offered a different perspective to the 
forementioned visual thinking about astronomical concepts as well as a modest 
reference to more common astronomical astrolabes. In both cases the latter func-
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tion can be interpreted as a reference to commercially available mathematical 
instruments. A remarkable example of this is a brass astrolabe made in 1560 by a 
genius Egidius Coignet from Antwerp, which has Apian’s geographical place on 
the front and the organum Ptolomei on the back. The link between this extraor-
dinary instrument and Apian’s Cosmography is evident. The precise nature of the 
relationship however is not. Coignet seems to have made this instrument for a 
rich commissioner with a non-professional interest in instruments and exquisite 
design, who was acquainted with Apian’s Cosmography. The symbiosis between 
cosmography and instrument-design not only made cosmographical treatises de-
pict actual instruments, but also led to occasional brass implementation of paper 
instruments contained in these treatises” (Vanden Broecke, pp. 139-141).

Copies of this book are very rarely found complete. We believe that a complete 
copy should have volvelles on pp. 17 (2 moving parts), 24 (3), 50 (1), 63 (4), and 
on the first leaf of the appendix (2), and a woodcut in two parts illustrating the 
‘Instrumentum syderale’ pasted on to the last leaf of text (or sometimes the final 
blank). Of the 5 copies listed on ABPC/RBH in the last 60 years, only one (Sothe-
by’s 1965) appears to have been complete. The present copy, like the British Li-
brary copy, lacks the volvelle on p. 50 (not called for by Borba de Moraes) and also 
the two-part woodcut pasted to the last page. However, it includes the thread with 
original lead weight on p. 24 that was not mentioned in the description of the 
copy offered by Sotheby’s in 1965 and which seems to be almost always lacking.

VD 16, A 3080; Sabin I, 1738; Borba de Moraes I, 35; Harrisse 237; Suarez 91, 46; 
Kleinschmidt, Ruling the Waves 223; Stillwell (Science) 136; Harrisse 127. Bar-
entine, Uncharted Constellations: Asterisms, Single-Source and Rebrands, 2016. 
Penrose, Travel and Discovery in the Renaissance 1420-1620, 1952. Vanden Bro-
ecke, ‘The use of visual media in Renaissance cosmography: the Cosmography of 
Peter Apian and Gemma Frisius,’ Paedagogica Historica 36 (2000), pp. 131-150.
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BACON, Sir Francis.

LARGE PAPER COPY OF BACON’S NEW 
FOUNDATION FOR SCIENCE
BACON, Sir Francis. Instauratio magna [Novum Organum]. London: Joannem 
Billium, 1620.

$85,000

Folio (323 x 207mm), [x], 172, 181-360, 36, [2], including engraved title by Simon 
van de Passe, woodcut headpieces and historiated initials; small cancel slip correct-
ing a preposition (‘de’ for ‘de de’) in the last line of Tir; in the second set of numbered 
pages, the misnumbering of pages 27 and 30 has been corrected; c4 blank and pres-
ent (lower edges of first few leaves a bit soiled and tearing in places, minor marginal 
tears to first leaf of dedication, E2 and e1). Contemporary blind-panelled calf, board 
edges gilt, edges red-sprinkled (later morocco lettering-piece, a few small repairs). 
Morocco folding case.

First edition, second issue, extremely rare large paper copy, printed on paper 
with the large crown watermark. Bacon’s aim was to lay an entirely new founda-
tion for science, “neither leaping to unproved general principles in the manner of 
the ancient philosophers nor heaping up unrelated facts in the manner of the em-
pirics” (DSB). He proposed a new method of acquiring knowledge of the world 
through observation, experiment and inductive reasoning. “Bacon conceived 
a massive plan for the reorganization of scientific method and gave purposeful 
thought to the relation of science to public and social life. His pronouncement ‘I 
have taken all knowledge to be my province’ is the motto of his work … The fron-
tispiece to his magnum opus shows a ship in full sail passing through the Pillars 
of Hercules from the old to the new world. It symbolizes the vision of its author 
whose ambitious proposal was: ‘a total reconstruction of sciences, arts and all hu-
man knowledge … to extend the power and dominion of the human race … over 
the universe. Bacon made no contributions to science itself, but his insistence 
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on making science experimental and factual, rather than speculative and philo-
sophical, had powerful consequences … As a philosopher Bacon’s influence on 
Locke and through him on subsequent English schools of psychology and ethics 
was profound. Leibniz, Huygens and particularly Robert Boyle were deeply in-
debted to him, as were the Encyclopédistes and Voltaire” (PMM). Bacon “insisted 
on experiment in determining truth in nature and the above book is a proposed 
method for the assessment of all knowledge. The accumulation of observation 
and fact must be the basis of a new philosophy and not the authority of Aristotle 
or anyone else … Bacon’s inspiration led directly to the formation of the Royal 
Society. The famous engraved title-page showing a ship boldly sailing beyond the 
Pillars of Hercules (the limits of the old world) is interpreted to represent the bold 
spirit of adventure and research of the new age of science” (Dibner). Bacon orig-
inally conceived his revolutionary work in six parts, of which only the first and 
second parts, the De augmentiis scientiarum (1623, a greatly expanded version 
of the Advancement of learning) and the Novum organum were completed. More 
than a mere portion of the Instauratio, however the Novum organum, as its title 
implies, “contains the central ideas of Bacon’s system, of which the whole of the 
Instauratio is only the development” (Pforzheimer, p. XXI). “Book I of the Novum 
Organum restates in the form of detached aphorisms Bacon’s fundamental criti-
cisms of science and his plans for its renewal. Calling for the direct observation 
of nature (rather than recycling Aristotle’s texts), Bacon was nonetheless aware of 
the possible distortions involved, brilliantly analysing the four ‘Idols’ (from the 
Greek eidola, illusions) to which human beings are prone. These are the idols of 
the Tribe, Market-Place and Theatre. In the more technical Book II Bacon gives 
a worked example of inductive method as applied to heat, using experimental 
data to construct tables of absence and presence, concluding that heat is a form 
of motion. Bacon’s inductive method has often been misrepresented as a purely 
mechanical procedure, but recent research has shown that it includes hypotheti-
co-deductive elements, representing a substantial contribution to natural science” 
(Oxford Reference). ABPC/RBH list only two other large-paper copies since 1975 
(one first issue and one second).

Provenance: Early ink-lettered shelfmark(?) 17/8 on fore-edge (the 8 a larger nu-

meral written over the 17); Louis H. Silver (book label), sold Sotheby’s, 8 Novem-
ber 1965, lot 14, to; John Howell, bookseller, sold by him to; Haskell F. Norman 
(bookplate); sold Christie’s New York, 15 June 1998, lot 262, $20,700.

“Many commentators, in the seventeenth century and later, have been misled, 
by the apparently unorganized collections of facts that fill Bacon’s works, into 
supposing that his method was a merely empirical one, with no concern for theo-
retical interpretation. Such an impression is easily dispelled, however, by a closer 
reading of the text of Novum organum. We shall follow his account of the method 
in that work.

“The first step in making true inductions is, as in a religious initiation, a purging 
of the intellect of the ‘idols’ that, in man’s natural fallen state, obstruct his unprej-
udiced understanding of the world. Bacon holds that we must consciously divest 
our minds of prejudices caused by excessive anthropomorphism (the ‘idols of the 
tribe’), by the particular interests of each individual (the ‘idols of the cave’), by the 
deceptions of words (the ‘idols of the market place’), and by received philosoph-
ical systems (the ‘idols of the theater’). Only in this way can the mind become a 
tabula abrasa on which true notions can be inscribed by nature itself. The con-
sequences of the Fall for the intellect will then be erased, and man will be able to 
return to his God-given state of dominion over creation.

“The aim of scientific investigation is to discover the ‘forms of simple natures.’ 
What Bacon means by a ‘form’ is best gathered from his example concerning the 
form of heat (which is the only application of his method that he works out in 
any detail): ‘The Form of a thing is the very thing itself, and the thing differs from 
the form no otherwise than as the apparent differs from the real, or the external 
from the internal, or the thing in reference to man from the thing in reference 
to the universe.’ Hence, when the ‘form or true definition of heat’ is defined as 
‘Heat is a motion, expansive, restrained, and acting in its strife upon the smaller 
parts of bodies,’ Bacon means ‘Heat itself, or the quid ipsum of Heat, is Motion 
and nothing else.’ Thus, the form is not to be understood in a Platonic or Aristo-
telian sense but, rather, as what was later called an ‘explanation’ or ‘reduction’ of 
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a secondary quality (heat) to a function of primary bodies and qualities (matter 
in motion). In order to discover what primary qualities are relevant to the form, 
Bacon prescribes his Tables of Presence, Absence, and Comparison: ‘[the form] 
is always present when the nature is present … absent when the nature is absent’ 
and ‘always decrease[s] when the nature in question decreases, and … always 
increase[s] when the nature in question increases.’ 

“Therefore, we are to draw up a Table of Instances that all agree in the simple 
nature, heat – such as rays of the sun, flame, and boiling liquids – and then to 
look for other natures that are copresent with heat and therefore are candidates 
for its form. To ensure that as many irrelevant natures as possible are eliminated 
at this stage, these instances should be as unlike each other as possible except in 
the nature of heat. Second, a Table of Absence should be drawn up, in which as 
far as possible each instance in the Table of Presence should be matched by an 
instance similar to it in all respects except heat, such as rays of the moon and stars, 
phosphorescence, and cool liquids. This is the method of exclusion by negative in-
stances, which will at once test a putative form drawn from the Table of Presence; 
if it is not the true form, it will not be absent in otherwise similar instances when 
heat is absent. The tables are the precursors of Mill’s ‘Joint Method of Agreement 
and Differences,’ and clearly are more adequate than the method of induction by 
simple enumeration of positive instances, with which Bacon has so often been 
wrongly identified. Construction of the tables demands not a passive observation 
of nature, but an active search for appropriate instances; and it therefore encour-
ages artificial experiment. Nature, Bacon says, must be ‘put to the question.’ 

“Inference of the form from the tables is, however, only the beginning of the 
method. Bacon speaks often of raising a ‘ladder of axioms’ by means of the forms, 
until we have constructed the complete system of natural philosophy that unifies 
all forms and natures. The conception seems to be something like an Aristotelian 
classification into genus, species, and differentia, in which every nature has its 
place. It also has some affinity with the later conception of a theoretical struc-
ture that yields observation statements by successive deductions from theoretical 
premises. But it would be misleading to press these parallels too closely, for the 
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essence of Bacon’s ascent to the axioms is that it is the result of a number of induc-
tive inferences whose conclusions are infallible if they have been properly drawn 
from properly contrived Tables of Instances. The axioms are emphatically not the 
result of a leap to postulated premises from which observations may be deduced, 
for this is not an infallible method and gives no guarantee that the axioms arrived 
at are unique, let alone true. This deductive method is, in fact, what Bacon calls 
the method of ‘anticipation of nature,’ which, he thinks, may be useful in design-
ing appropriate Tables of Instances, but is to be avoided in inductive inference 
proper.

“Bacon is not unaware that the infallibility of his method depends crucially on 
there being only a finite number of simple natures and on our ability to enumerate 
all those present in any given instance. His faith that nature is indeed finite in the 
required respects seems to rest upon his natural philosophy. Although he reject-
ed atomism, he retained the belief that the primary qualities are few in number 
and regarded the inductive method as the means to discover which qualities they 
are. Forms are the ‘alphabet of nature’ that suffice to produce the great variety of 
nature from a small stock of primary qualities, just as the letters of the alphabet 
can generate a vast literature. The whole investigation is further complicated, as 
Bacon also sees, by the fact that some natures are ‘hidden’ and cannot be taken 
account of in the tables unless we employ ‘aids to the senses’ to bring them within 
reach of sensation. Much of the later part of Novum organum is taken up with 
this problem, which leads Bacon to commend not only instruments such as the 
telescope, but also ‘fit and apposite experiments’ that bring hidden and subtle 
processes to light. 

“Complementary to Bacon’s ascent to axioms is his insistence on subsequent de-
scent to works. The aim is not merely passive understanding of nature, but also 
practical application of that understanding to the improvement of man’s condi-
tion; Bacon holds that each of these aspects of his method is sterile without the 
other. Furthermore, he claims to have given in his method a means whereby any-
one who follows the rules can do science – he has ‘levelled men’s wits.’ Thus, with 
proper organization and financial support, it should be possible to complete the 

edifice of science in a few years and to gather all the practical fruit that it prom-
ised for the good of men” (DSB).

“What distinguishes the new Baconian view of science (as presented most clearly 
in The New Organon) from that of his predecessors is, indeed, his clear commit-
ment to the role of observation and experiment as a prerequisite for the con-
struction of scientific theory itself. Earlier scientists (and scientific near-contem-
poraries elsewhere in Europe) had thought of observation and experiment as 
demonstrating a conclusion anticipated by systematic deductive reasoning, or as 
determining a detail or filling in a gap, as required to extend an existing theory. 
Thus, for instance, Robert Boyle (a keen follower of Bacon) was quick to point 
out that Blaise Pascal’s ‘experiments’ in hydrostatics, adduced in support of his 
theoretical principles, are clearly impossible-to-perform ‘thought experiments’ 
whose proposed outcomes are calculated to confirm an already decided theory. 
Bacon, by contrast, regarded observation and experiment – particularly experi-
ments designed to test how nature would behave under previously unobserved 
circumstances – as the very foundation of science and its generalised methodol-
ogy. He expected that the process itself of organising the mass of data collected 
into natural and experimental histories would lead to an entirely new and largely 
unforeseen scientific theory.

“Among such groundbreaking experiments included in The New Organon are 
a number which Bacon had clearly carried out himself, mostly experiments in 
chemistry and mechanics (he may, however, like Boyle, have had laboratory assis-
tants who actually performed the experiments, while he himself simply observed, 
as befitted a gentleman) … Bacon lets his reader know clearly, by the formal lo-
cutions he uses, when it is he who has conducted experiments and when he has 
merely ‘heard tell’ or read about them at second hand. In another of his own 
experiments, described under ‘privileged instances’ of ‘range or furthest limit’, 
he tested ‘how much compression or expansion bodies easily and freely allow (in 
accordance with their natures), and at what point they begin to resist, so that at 
the extreme they bear it No Further’ … This kind of experiment with bells is relat-
ed to contemporary practical experiments with diving-bells. Sure enough, under 
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‘multi-purpose instances,’ Bacon refers directly to the technology of diving-bells 
for salvage operations … In most modern accounts of Baconian method, the 
groundbreaking originality of Bacon’s direct engagement with contemporary ap-
plied science and technology, leading to his attempt to devise an epistemology 
which reflected the intimate relationship in science between ideas and practice, 
has been lost from sight” (Jardine & Silverthorne, pp. xv-xviii).

“Francis Bacon (1561–1626) was one of the leading figures in natural philosophy 
and in the field of scientific methodology in the period of transition from the 
Renaissance to the early modern era. As a lawyer, member of Parliament, and 
Queen’s Counsel, Bacon wrote on questions of law, state and religion, as well as 
on contemporary politics; but he also published texts in which he speculated on 
possible conceptions of society, and he pondered questions of ethics (Essays) even 
in his works on natural philosophy (The Advancement of Learning).

“After his studies at Trinity College, Cambridge and Gray’s Inn, London, Bacon 
did not take up a post at a university, but instead tried to start a political career. 
Although his efforts were not crowned with success during the era of Queen Eliz-
abeth, under James I he rose to the highest political office, Lord Chancellor. Ba-
con’s international fame and influence spread during his last years, when he was 
able to focus his energies exclusively on his philosophical work, and even more so 
after his death, when English scientists of the Boyle circle (Invisible College) took 
up his idea of a cooperative research institution in their plans and preparations 
for establishing the Royal Society.

“To the present day Bacon is well known for his treatises on empiricist natural 
philosophy (The Advancement of Learning, Novum Organum Scientiarum) and 
for his doctrine of the idols, which he put forward in his early writings, as well as 
for the idea of a modern research institute, which he described in Nova Atlantis” 
(Stanford Encyclopedia of Philosophy).

Gibson notes the existence of large-paper copies of both the first and second is-
sues, but ESTC notes that “about 15 copies are printed on large paper, with a large 
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crown watermark … The large paper copies were printed last, and have all but one 
of the errors in pagination corrected, as well as two of the errors listed in the er-
rata of the second issue.” In the second issue, e3 is cancelled and reprinted on e4r, 
adding an errata and omitting the name of Bill Norton’s name from the colophon. 
Large-paper copies of both issues are of the greatest rarity.

Dibner, Heralds of Science 80; Gibson, Francis Bacon. A Bibliography (1950), 103b; 
Grolier/Horblit 8b; Pforzheimer, App. 1; PMM 119; STC 1163; Norman 98 (this 
copy). 
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THE FIRST COMPREHENSIVE TREATISE 
ON THE PYROTECHNIC ARTS
BIRINGUCCIO, Vannuccio. De la pirotechnia. Libri X. Dove ampiamente si trat-
ta non solo di ogni sorte & diversita di miniere, ma anchora quanta si ricerca in-
torno a la prattica di quelle cose di quel si appartiene a l’arte de la fusione over gitto 
di metalli come dogni altra cosa simile a questa. [Colophon:] Venice: Venturino 
Ruffinello for Curtio Navo and brothers, 1540.

$60,000

Small 4to (208 x 150mm), ff. [xvi], 168, title within elaborate woodcut border, 
woodcut initials, and 84 woodcut illustrations in text. Contemporary limp vellum, 
spine with manuscript lettering (edges with some wear, later but matching end-pa-
pers pasted over original, probably to keep text securely in the binding). Internally 
very fine and clean.

First edition, very rare in contemporary binding, of the “first comprehensive trea-
tise on the ‘pyrotechnic’ or fire-using arts, including mining, metallurgy, applied 
chemistry, gunpowder, military arts and fireworks. Virtually all of Biringuccio’s 
descriptions are original, based upon first-hand information garnered during his 
various employments as a mine and forge operator, director of the Sienese mint, 
cannon caster and fortification builder, director of building construction at the 
Duomo, and head of the papal foundry and munitions works. His account of the 
adaptation of metals to use by alloying, working and casting excels those of Ercker 
and Agricola, and his sections on glass, steel and the purification of salts by crys-
tallization were copied almost verbatim in Agricola’s De re metallica (1556). Bi-
ringuccio’s work is important to art history for its description of the Renaissance 
methods of casting medallions, statues and bells; and to the history of printing 
for containing the earliest known account of typecasting. His contributions to 
chemistry include the first account of silver amalgamation and liquation, the ear-
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liest mention of cobalt blue and manganese, and the first description of antimony, 
antedating that of Basil Valentine by fifty years” (Norman catalogue). It “was writ-
ten for the practicing metallurgist, foundryman, dyer, type-founder, glass-maker, 
and maker of gunpowder, fireworks and chemicals used in warfare” (Dibner).
The woodcuts show the use of various furnaces, pulleys and tools, and illustrate 
the making of bells, pottery and firearms. Biringuccio was “one of the principal 
exponents of the experimental method” (DSB II, 143). He entered the service of 
the ruler of Siena, Pandolfo Petrucci, undertook a period of travel in Germany, 
then the metallurgical capital of Europe, was involved in such politically useful 
activities as the manufacture of guns, gunpowder, and counterfeit money. He later 
served the Dukes of Parma, Ferrara, and the Venetian Republic. ABPC/RBH list 
only two copies in contemporary binding since the Kenney sale in 1966.

“Biringuccio’s reputation derives from a single work, his Pirotechnia, published 
posthumously in 1540. The work is divided into ten books, which deal with (1) 
metallic ores; (2) the ‘semiminerals’ (including mercury, sulfur, alum, arsenic, vit-
riol, several pigments, gems, and glass); (3) assaying and preparing ores for smelt-
ing; (4) the parting of gold and silver, both with nitric acid and with antimony 
sulfide or sulfur; (5) alloys of gold, silver, copper, lead, and tin; (6) the art of cast-
ing large statues and guns; (7) furnaces and methods of melting metals; (8) the 
making of small castings; (9) miscellaneous pyrotechnical operations (including 
alchemy; the distillation of acids, alcohol, and other substances; the working of 
a mint ‘both honestly and with profit’ the goldsmith, silversmith, and ironsmith; 
the pewterer; wire-drawing; mirror-making; pottery; and bricks); and (10) the 
making of saltpeter, gunpowder, and fireworks for warfare and celebration … The 
Pirotechnia contains eighty-three woodcuts, the most useful being those depict-
ing furnaces for distillation, bellows mechanisms, and devices for boring cannon 
and drawing wire.

“As the first comprehensive account of the fire-using arts to be printed, the Piro-
technia is a prime source on many practical aspects of inorganic chemistry. Birin-
guccio emphasizes the adaptation of minerals and metals to use – their alloying, 
working, and especially the art of casting, of which he writes in great detail. In 

this area he is far better than the two other sixteenth-century authors with whom 
he is inevitably compared, Georgius Agricola and Lazarus Ercker. Although Ag-
ricola excels on mining and smelting, his famed sections on glass, steel, and the 
purification of salts by crystallization are in fact taken nearly verbatim from the 
Pirotechnia.

“Biringuccio’s approach is in strong conflict with that of the alchemists, whose 
work he evaluates in eleven pages of almost modern criticism, distinguishing 
their practical achievements from their theoretical motivations. His interest in 
theoretical questions is limited to the repetition of an essentially Aristotelian view 
of the origins of metallic ores and the nature of metals, with a rather forced ex-
tension to account for the observed increase in weight of lead when it is turned to 
litharge [lead monoxide].

“Biringuccio has been called one of the principal exponents of the experimental 
method, for he states that ‘It is necessary to find the true method by doing it again 
and again, continually varying the procedure and then stopping at the best’ and 
‘I have no knowledge other than what I have seen with my own eyes.’ He gives 
quantitative information wherever appropriate. He was certain that the failure of 
an operation was due to ignorance or carelessness, not to either ill luck or occult 
influences: Fortune could be made to favor the foundryman by paying careful 
attention to details. Biringuccio’s method, however, is not that of the scientist, 
for none of his operations is planned to test theory or even reflects the conscious 
application of it. He represents the strain of practical chemistry that had to de-
velop and to be merged with philosophy before it could become science. Yet the 
enjoyment of the diverse properties of matter and the careful recording of a large 
number of substances and types of reactions that had been established by various 
craftsmen were just as necessary as the works of the philosophers, and in some 
sense were nearer the truth” (DSB).

“First and foremost [Biringuccio] stands out as the practical man, concerned with 
carrying out operations on metals for profit and for use. He realizes the advan-
tages of large-scale operation and advises the use of power-driven machinery in 
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place of hand labor whenever possible. The availability of adequate water-power 
is the first thing to consider in establishing a smelter. Fuel and transportation are 
the next requisites. Biringuccio’s work reflects an established capitalistic econo-
my. In an amusingly naive justification of his profession on moralistic grounds, 
he recommends mining as a safer way than soldiering to acquire wealth and as a 
pleasanter one than that of the merchant with his uncomfortable voyages to un-
friendly foreign shores – in mining the danger is only to one’s hired assistants. He 
recommends short shifts in mining (six or eight hours) but does so only because 
new and rested men enable the proprietor sooner to achieve profit. Biringuccio 
has little respect for the authorities that enslaved literature for so long. Though he 
was familiar with the classics and is not averse to quoting Aristotle and Pliny on 
the nature and origin of ores, references to literature are meager and are some-
times given with a hint of skepticism. Albertus Magnus in particular is the target 
for derisive comment combined with mock respect for his authority. Biringuccio’s 
source of information is almost entirely his own observation and experience in 
the shops where metals were smelted, worked, and cast. What alchemist could say 
with Biringuccio, ‘I have no knowledge other than that gained through my own 
eyes’. He obviously enjoys the application of skill and knowledge to the working 
of metals and finds intellectual satisfaction more in accomplishing a desired result 
than in contemplating the causes of things. The modem metallurgist will recog-
nize a kindred spirit when, after comparing the foundryman to a stevedore and 
a fool and describing his burned and dusty clothes and muddy face, Biringuccio 
says that bronze founding is a profitable and a skilful art, and in large part de-
lightful. 

“Few sixteenth-century works are so utterly devoid of superstition. Biringuccio 
recognizes that ill luck is nothing but ignorance or carelessness and says that 
the founder can assure Fortune’s favoring him by careful attention to details. He 
laughs at those who use the divining rod and scorns the pseudo-magic of the al-
chemists. His evaluation of alchemy is astonishingly modern. Though he ridicules 
their general approach, he concedes that practical alchemists have produced a 
number of useful things and believes that they delude themselves more than they 
do others. He shares the perplexity of modern man when he sees how scientific 
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knowledge can be used for good or ill, and wonders if men make inventions in the 
desire to serve mankind, or from some inner or outer necessity. He sarcastically 
refers to the good and lofty men of intelligence who, not satisfied with cannon 
and shot, devise yet more effective means to injure their fellow men. 

“Biringuccio’s approach is largely experimental; that is, he is concerned with op-
erations that had been found to work without much regard to why. The state of 
chemical knowledge at the time permitted no other sound approach. Though Bi-
ringuccio has a number of working hypotheses, he does not follow the alchemists 
in their blind acceptance of theory which leads them to discard experimental 
evidence if it does not conform. It was men like Biringuccio, the practical met-
alworkers, dyers, pottery makers, alum boilers, and kindred artisans, who accu-
mulated the basic facts for a chemical science during the period in which learned 
men of church and university were engaged in lengthy but barren theological 
disputation. The artisans were the true scientists of this period, and if they lacked 
the flash of genius to produce a consistent theoretical framework, it must be re-
membered that even genius could do nothing without a reservoir of established 
fact. Many chemical reactions had been discovered and put to practical use long 
before their interrelation and significance were appreciated. If development of the 
chemistry of metals in this period was slow, this was a result of the small number 
of men interested in such things, the lack of encouragement that they received, 
and the difficulties of communication with each other, increased by a certain re-
luctance to share knowledge of possible advantage to a competitor. 

“Printing was just a hundred years old when Biringuccio’s work came from the 
presses. Of the thirty thousand works printed in the fifteenth century, not one 
was on metallurgy and very few dealt with science of any kind. Most, indeed, 
were the works of men dead some centuries. Biringuccio states that one of his 
objects in writing is to record information for the specific purpose of arousing in-
telligent minds to action, and on the basis of new information to arrive at certain 
conclusions that they could not otherwise approach. Many followed Biringuccio’s 
example, and as a result of this growing literature of technological practice and 
experimental fact, science eventually became the concern of the educated man. 

Biringuccio records those processes that he has seen working and the materials 
that have served him. He realizes that in other localities other materials may be 
more economical and hence advises experiment with whatever related substances 
are readily available. He advises trying out many things to see which ones work. 
‘It is necessary to find the true method by doing it again and again, always vary-
ing the procedure and then stopping at the best.’ In most cases Biringuccio gives 
quantitative information and records appropriate weights and dimensions. He 
says that whatever is promised by the assay should be obtained in large-scale op-
eration. Quantitative chemistry was well established and the law of fixed reacting 
proportions understood and utilized, if not expressed. The balance for weight 
assays and furnace charges and the pen for computing them were as important to 
Biringuccio as the furnaces themselves. Weigh everything, he admonishes – and 
trust no one! In designing cannon and their carriages, he advises careful atten-
tion to dimensions and design in order to avoid having parts either too heavy for 
transport or too light for safety. To the bell founder he gives complete information 
on design and a linear scale of bell dimensions for any desired weight. 

“Although Biringuccio can be credited with the first description in full working 
detail of many of the arts and processes in his field, he lays no claim to being ac-
tually the originator of any of them. Of course, like any artisan worthy of his salt 
he must have made many minor adjustments and adaptations to local circum-
stances, but the broad principles seem to be those slowly accumulated through-
out the previous years. Biringuccio’s work is valuable primarily because it records 
the technical details of applied chemistry as practiced in his day, but inseparable 
from his account of an early stage in the growth of an experimental science is 
the picture of the beginnings of capitalistic industrial economy as it related to a 
most vital type of production. Here we have science working hand in hand with 
industrial organization in beginning to produce a new society. His work should 
be as valuable to the historian of economics as to the historian of science and 
technology. 

“It is hard to judge the influence of Biringuccio’s work on the development of sci-
ence. Some descriptions attributed to others are in reality copies of Biringuccio. 
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Georgius Agricola in his famed De re metallica says of him: ‘Recently Vannoccio 
Biringuccio of Sienna, a wise man experienced in many matters, wrote in ver-
nacular Italian on the subject of the melting, separating and alloying of metals. 
He touched briefly on the methods of smelting certain ores, and explained more 
fully the methods of making certain juices; by reading his directions, I have re-
freshed my memory of those things which I saw in Italy; as for many matters on 
which I write he did not touch upon them at all, or touched but lightly.’ Agricola’s 
‘refreshing of his memory’ consisted of copying in extenso, without further ac-
knowledgment, the earlier author’s accounts of mercury and sulphur distillation, 
glass and steel making, and the recovery by crystallization of saltpeter, alum, salt, 
and vitriol together with other less important sections. Agricola usually added a 
superior illustration and often provided valuable additional details. 

“Biringuccio was certainly popular among men of his own kind, as attested by the 
fact that no fewer than nine editions of the Pirotechnia appeared over a period of 
138 years. Men like Robert Hooke used it for practical information, for in 1675 
when Hooke heard of the finest steel’s being made by casting cemented steel and 
forging the ingots – this 65 years before Huntsman – he made a note to look up 
more of this in ‘Vannuchio Beringochio.’ Nevertheless, references to Biringuccio 
in scientific literature are few. Agricola’s works were soon absorbed in the snow-
ball accretion of literature references and were quoted by almost everyone writing 
on metals, at first as a current authority and later as an important milestone in the 
historical development of metallurgy, mineralogy, chemistry, and engineering. 
On the other hand, Biringuccio was rarely mentioned in contemporary literature 
and to this day is frequently ignored by scientific and technological historians, 
particularly those writing in English. It seems likely that the greater popularity of 
Agricola was a result of his more scholarly approach and the fact that he wrote in 
Latin, the language of the educated throughout Europe. The German and Italian 
translations made him available to the nations of greatest metallurgical activity 
at the time. Biringuccio’s best descriptions are of the more practical aspects of 
metalwork, and these were, for several generations, of little interest to those who 
wrote books. Perhaps, too, the beautiful format that the house of Froben gave to 
Agricola’s works appealed to those who were more concerned with the physical 
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form of books than with the knowledge to which they were the key. While Ag-
ricola was, and is, proudly owned and displayed, the smaller and inferior format 
of Biringuccio’s work and its inferior literary style caused it to be placed on the 
topmost shelves – when, indeed, it ever got away from the company of the mould-
ers’ tools and assay furnaces that were its fit companions” (Smith & Gnudi, pp. 
xiv-xviii). 

Adams B2080; Censimento 16 CNCE 6156; Duveen p.79; Philip B110.1; Mortim-
er Italian 66; Hoover 129; Mortimer Italian 66; Norman 238; Partington II, 32-37; 
Wellcome I, 873; Cockle, Military Books 931. Smith & Gnudi (tr.), The Pirotech-
nia of Vannoccio Biringuccio, 1943.
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THE LARGE PAPER 
MACCLESFIELD COPY
BOERHAAVE, Herman. Elementa chemiae … Vol. 1. Qui continet historiam et 
artis theoriam – Vol. 2. Qui continet operationes chemicas. Leiden: Isaac Severinus, 
1732.

$12,000

Two vols., 4to (252 x 201mm), pp. [xii], [1], 2-896, [40, index], with 17 engraved 
plates, each with a facing page of explanation (not included in the pagination); 
[viii], 538, [46, index]. Engraved device on each title-page, with motto ‘Ars usu, 
studio, sapientia crescit’. Printed attestation, signed by Boerhaave, on verso of first 
title (as in all copies): ‘Ut certus sit Lector, hunc librum a me editum prodire; pro-
pria manu nomen adscribendum putavi; nec pro meo agnosco, ubi haec adscription 
abest.’ Contemporary calf, spines richly gilt in compartments with two contrasting 
lettering-pieces (slightly rubbed, joints cracked but firm).

First edition, very rare large and thick paper copy, from the Macclesfield library. 
“The first and best edition, and rare” (Duveen). “[Boerhaave] introduced exact 
quantitative methods into chemistry by measuring temperature and using the 
best available balances made by Fahrenheit; indeed he may be considered the 
founder of physical chemistry as well as a contributor to pneumatic chemistry 
and biochemistry … When a spurious edition of his chemical lecture notes was 
published in 1724 … he felt impelled to publish a textbook on chemistry, the Ele-
menta chemiae, which was later translated into English and French and remained 
the authoritative chemical manual for decades” (DSB). In the preface, Boerhaave 
pointedly disowned the unauthorised 1724 publication, railing that “The false 
Notions, Absurdities, and Barbarisms, that are imputed to me in every page of 
that Work, are so abominable, that they will not bear mentioning” (quoted in 
Powers, Inventing Chemistry, p. 144). To distinguish the present authorised edi-
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tion from that published in 1724, Boerhaave signed all copies on the verso of the 
title page. This copy is printed on thick paper (although it was not so described in 
the Macclesfield catalogue) – the text block of this copy is about one-third thicker 
than that of a normal copy. The only other large paper copy we have located is that 
in the British Library; we know of no other having appeared in commerce.

Provenance: Earls of Macclesfield (South Library bookplate on each front paste-
down, blind-stamp on first three printed leaves in each volume). Extensive pencil 
notes in English in the margins and on the rear endpapers of both volumes.

“To some historians of science the great event of the 18th century is the rise of 
modern chemistry. This is commonly associated with the names of men like 
Black, Cavendish, Scheele, Priestley or Lavoisier, whose careers, distinguished by 
brilliant discoveries, fell mainly in the later part of the century. But if we are to 
judge history not only in terms of individual men’s accomplishments, but also 
of the influence which guided them, the name of Herman Boerhaave and the 
title of his great work, Elementa chemiae, stand out among all the others. Boer-
haave gathered up the chemistry of the centuries before him, extracted what was 
factually sound, eliminated what was theoretically irrelevant, and re-presented it 
in a form congenial to a century which was to seek above all things a dignified 
enlightenment. Boerhaave assimilated to a chemistry which was a practical art a 
chemistry which was a material philosophy, and he expounded the product as a 
science unified as best he knew …

“Like all chemists of his time and even after him, he had to come to terms with 
the traditions of alchemy. He did so experimentally, finding that he could repeat 
some of the alchemists’ experiments, while others he could not. To some extent 
he retained a theory of the composition of metals similar to that of the alchemists 
but experiment was for him the deciding factor in his choice, not tradition.

“His chemical lectures were enormously successful and suffered a common fate. 
They were recorded, transcribed, and published by students, without his consent. 
They appeared in 1724 as Institutiones et experimenta chemiae, followed by other 

editions and in 1727 an English translation. Anyone may be expected to be angry 
at unauthorised publications. Boerhaave was doubly angry to see his books being 
brought into his own lectures. He could rectify the position only by producing his 
own textbook. It appeared in 1732, each copy bearing a signed declaration as a 
guarantee of authenticity …

“The leading characteristic of this great work is its realism. Stahl defined chem-
istry succinctly as the art of resolving compound bodies into their principles and 
of recombining them again. By comparison Boerhaave’s definition is ponderous: 
Chemistry is “an art which teaches the manner of performing certain physical 
operations, whereby bodies cognizable to the sense, capable of being rendered 
cognizable, and of being contained in vessels, are so changed by means of proper 
instruments, as to produce certain determinate effects, and at the same time dis-
cover the causes thereof, for the service of various arts.” Yet while Stahl’s writings 
are complicated, argumentative and self-opinionated, Boerhaave’s are clear and 
purposeful, superior in their discipline to the author’s definition of the subject. 
Perhaps the biggest difference between these two influential men was that Stahl 
denied the relevance of chemistry to medicine, whereas Boerhaave saw the rele-
vance of chemistry to every art including medicine” (Greenaway, pp. 102-4).

“Boerhaave was firmly convinced of the usefulness of chemistry in medicine and 
the “mechanical arts”, among which he mentioned in particular painting, enamel-
ling, staining glass, manufacturing glass, dyeing, metallurgy, the art of war, natu-
ral magic, cookery, the art of winemaking, brewing, and alchemy. In the “practical 
part” of his textbook he presented a collection of 227 “processes” which were, 
apart from dozens of experiments devoted unambiguously to chemical analysis, 
recipe-like descriptions of “the actual operations of chemistry” – that is, famil-
iar operations performed in pharmaceutical and chemical laboratories all over 
Europe, both for the acquisition of knowledge and for the manufacture of useful 
goods. Much of the fame of Boerhaave’s Elementa chemiae depended on this sec-
ond, practical part of the book” (Klein & Lefèvre, Materials in 18th century Science: 
A Historical Ontology (2007), p. 29).
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“Boerhaave’s [Elementa chemiae] is dedicated to his brother Jacobus (James), ‘in 
memory of the many days and nights we have spent together in the chemical 
examination of natural bodies, at the time when your chief view was to Medicine 
and mine to Theology.’ It begins in Part I with a good history of Chemistry; Part 
II is on the Theory of Chemistry (metals, salts, the universal acid, sulphur, bitu-
mens, stones, earths, semi-metals, vegetables, and animals), the use of chemistry 
in physics, medicine, and the mechanical arts, the instruments of chemistry, on 
fire, on fuel or the pabulum of fire, on air, water, and earth, on menstruums, and 
chemical apparatus. Part III, filling the second volume, is on chemical operations, 
containing detailed descriptions of chemical experiments, with uses of the prepa-
rations …

“The sections on Fire, Air, Water, and Earth (delivered as separate annual lec-
tures), and on Menstruums, are really comprehensive monographs, the first and 
second incorporating much recent work in physics. Boerhaave’s textbook is dis-
tinguished from that of Stahl by its greater common sense, its sparing use of hy-
potheses, its greater clarity, and above all by its extensive use of the newer results 
of physics and a bias to what may be called the outlook of physical chemistry. His 
treatises on Fire, on Menstruums, and on Fermentation exhibit in a striking way 
the new spirit which he infused into chemistry. Thomson says Boerhaave col-
lected his material from ‘a thousand different sources, and from writings equally 
disgusting from their obscurity and their mysticism’, stripping them of their mys-
ticism and producing ‘the most learned and luminous treatise on chemistry that 
the world had yet seen’. In it ‘chemistry is shown as a science and an art of the first 
importance, not merely to medicine, but to mankind in general’.

“The second volume, on Chemical Operations, is a collection of preparations 
from vegetables, animals, and minerals in this order, as of increasing difficulty. 
The simple chemical operations (solution, coagulation, precipitation, efferves-
cence, etc.) thus come at the end and, as Burton said, the course ends where oth-
ers usually begin. In this part there are some references to Boyle’s publications on 
tastes, odours, colours, etc., and a criticism of the Iatrochemical doctrine of acid 
and alkali. Temperatures according to Fahrenheit’s scale, instead of vague specifi-
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cations, are used throughout the book. A small thermometer enclosed in a glass 
tube for taking body temperatures is a clinical thermometer. Boerhaave’s lecture 
experiments on the rise in temperature on mixing vegetable, animal, and mineral 
bodies, must be the earliest in chemical calorimetry” (Partington, pp. 746-7).

Boerhaave (1668-1738) graduated in philosophy from the University of Leiden 
in 1684 and in medicine from the academy at Harderwijk in 1693. He spent the 
whole of his professional life at the University of Leiden, serving as professor 
of botany and of medicine, rector of the university, professor of practical medi-
cine, and professor of chemistry. Students came from all parts of Europe to hear 
his brilliant lectures. He is often credited with founding the modern system of 
teaching medical students at the patient’s bedside and is sometimes referred to 
as ‘the father of physiology.’ He is best known for demonstrating the relation of 
symptoms to lesions, he was the first to isolate the chemical urea from urine, and 
he was the first physician to introduce thermometer measurements into clinical 
practice.

There were at least four printings of this work in the same year, with different 
printers and collations: two other quarto editions, one printed at Leiden by Jean 
Rodolphe Imhof (this was an export issue), and one with a false London imprint 
‘S. K. & J. K.’; and an octavo edition printed by Caspar Fritsch at Leipzig (Lin-
deboom also lists an edition with a Venice imprint, but we have been unable to 
locate a copy). Only the present edition is signed by Boerhaave to guarantee its 
authenticity; it is accepted as the first. Like all copies, this lacks pp. 423-4 (sig. 
3G4) in vol. 1. This leaf was printed as a cancel for pp. 187-8 (sig. 2A2). In the 
Wellcome copy this cancel is still present and 2A2 is slit for cancelling. Partington 
(p. 743) states that “pp. 423-4 (no gap in text) and plate VI are always wanting”, 
but plate VI is present in this copy.

Bolton, Select Bibiliography of Chemistry, p. 322; Cole, Chemical Literature 1700-
1860, 164; Duveen, Bibliotheca alchemica et chemica, p. 84; Ferguson, Bibliotheca 
Chemica I, 112; Lindeboom, Bibliographia Boerhaaviana 450 (incorrect colla-
tion); Macclesfield 375 (this copy). Greenaway, ‘Boerhaave’s influence on some 

18th century chemists,’ pp. 102-113 in Boerhaave and His Time, Lindeboom (ed.), 
1970. For a detailed analysis of the work see Partington III, pp. 746-756.
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PROBABILITY INTO QUANTUM 
MECHANICS - A COLLECTION OF 
OFFPRINTS
BORN, Max; HEISENBERG, Werner; et al. Bound volume of 25 offprints, in-
cluding the four papers in which Born introduced the probability (or Copenhagen) 
interpretation of quantum mechanics (1926), two giving Heisenberg’s explanation of 
the anomalous Zeeman effect on the basis of the Bohr-Sommerfeld quantum theory 
(1924/5), and two more by Heisenberg giving his solution of the Helium problem by 
means of his new quantum mechanics (1926/7). 

$25,000

Twenty-five offprints bound in one vol., 8vo. Contemporary dark blue cloth (rear 
joint cracked but firm, extremities rubbed), binder’s ticket on rear paste-down.

An extraordinary sammelband of offprints from the period 1924-27, during which 
Heisenberg’s new quantum mechanics (1925) revolutionized the study of atomic 
phenomena. The most important are the four papers by Max Born in which he 
introduced the statistical interpretation of quantum mechanics (nos. 10, 14, 15 
and 25 in the list below). “On 20 June 1926 Born’s first paper on wave mechanics 
was received [no. 14] … It is the first paper to contain the quantum mechanical 
probability concept” (Pais 1991, p. 286 – his italics). “The introduction of probabil-
ity in the sense of quantum mechanics, that is, probability as an inherent feature 
of fundamental physical law, may well be the most drastic scientific change yet 
effected in the twentieth century” (Pais 1982). “Max Born was one of the found-
ing fathers of quantum mechanics – indeed, he coined its name even before his 
assistant, Werner Heisenberg, gave birth to the theory with a breakthrough paper 
in the summer of 1925” (Gottfried). Born won the Nobel Prize in Physics 1954 
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“for his fundamental research in quantum mechanics, especially for his statistical 
interpretation of the wave-function.” “The prize recognized, at long last, Born’s 
discovery of the statistical interpretation of the wave function. He was the first to 
recognize the profound departure from classical concepts of causality that quan-
tum mechanics implies. In particular, he recognized that although the Schröding-
er equation describes a continuous and causal evolution, it nevertheless makes 
only statistical predictions about observable events. This was before Heisenberg’s 
discovery of the uncertainty principle and Bohr’s formulation of complementar-
ity, the essential ingredients in the Copenhagen interpretation” (Gottfried). Two 
of the Heisenberg papers in this volume relate to the Bohr-Sommerfeld quantum 
theory (pre-quantum mechanics), and two to quantum mechanics. Nos. 9 & 11, 
treat the ‘anomalous Zeeman effect,’ on the basis of the Bohr-Sommerfeld theory. 
“Heisenberg’s real talents emerged in his work on the anomalous Zeeman effect, 
in which atomic spectral lines are split into multiple components under the influ-
ence of a magnetic field. Heisenberg developed a model that accounted for this 
phenomenon, though at the cost of introducing half-integer quantum numbers, 
a notion at odds with Bohr’s theory as understood to date” (Brittanica). Nos. 17 
& 18 present Heisenberg’s solution of the ‘Helium problem’ “that had haunted the 
theoreticians since 1913 and had contributed primarily in 1923 to the recognition 
of the failure of the Bohr-Sommerfeld quantum theory” (Mehra & Rechenberg, 
vol. 6, p. 128). “His helium calculation constituted a major triumph in quantum 
mechanics … Heisenberg’s successors would improve the approximation meth-
ods … but the basic ideas did not have to be altered. In this respect, Heisenberg’s 
helium calculation became a classic in atomic theory” (Mehra & Rechenberg, vol. 
5, p. 745). Heisenberg achieved this breakthrough by incorporating for the first 
time the Pauli exclusion principle into quantum mechanics: he discovered that 
the Pauli principle requires the two-electron wave function to be antisymmetric. 
This was the first step towards Fermi-Dirac statistics.

Provenance: Douglas Rayner Hartree FRS (1897-1958), English mathematician, 
physicist and computer pioneer.

“Until the spring of 1926, quantum mechanics, whether in its matrix or its wave 

formulation, was high mathematical technology of a new kind, manifestly im-
portant because of the answers it produced, but without clearly stated underlying 
physical principles … The break with the past came in a paper by Born received 
on June 25, 1926 [no. 14]. In order to make his decisive new step, ‘It is necessary, 
(Born wrote half a year thereafter) [in no. 25] to drop completely the physical 
pictures of Schrödinger which aim at a revitalization of the classical continuum 
theory, to retain only the formalism and to fill that with new physical content.’ 
In his June paper, entitled ‘Quantum mechanics of collision phenomena’, Born 
considers (among other things) the elastic scattering of a steady beam of par-
ticles … [Born showed that the number of particles scattered into the element 
of solid angle dω is given by N|Ψ|2dω, where N is the number of particles in the 
incident beam crossing unit area per unit time and Ψ is the wave function.] Then, 
Born declares: Ψ determines the probability for the scattering of the electron from 
the z-direction into [a given other] direction … Born added a footnote in proof 
to his evidently hastily written paper: ‘A more precise consideration shows that 
the probability is proportional to the square of Ψ. He should have said ‘absolute 
square.’ But he clearly bad got the point, and so the correct expression for the 
transition probability concept entered physics via a footnote …

“If Born’s paper lacked formal precision, causality was brought sharply into focus 
as the central issue: ‘One obtains the answer to the question, not ‘what is the state 
after the collision’ but ‘how probable is a given effect of the collision’ … Here the 
whole problem of determinism arises. From the point of view of our quantum 
mechanics there exists no quantity which in an individual case causally deter-
mines the effect of a collision I myself tend to give up determinism in the atomic 
world.’ …

“One month after the June paper, Born completed a sequel with the same title 
[no. 15]. His formalism is firm now and he makes a major new point. He consid-
ers a normalized stationary wave function Ψ referring to a system with discrete, 
non-degenerate eigenstates Ψn and notes that in the expansion 

Ψ = Σ cnΨn,
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|cn|
2 is the probability for the system to be in the state n. In June he had discussed 

probabilities of transition, a concept which, at least phenomenologically, had been 
part of physics since 1916 when Einstein had introduced his A- and B-coefficients 
in the theory of radiative transitions – and at once had begun to worry about cau-
sality. Now Born introduced the probability of a state. That had never been done 
before. He also expressed beautifully the essence of wave mechanics: ‘The motion 
of particles follows probability laws but the probability itself propagates according 
to the law of causality’” (Pais 1982). 

“The results from the theory agreed, as Born noted happily, with experimental 
observation … Hence, Born concluded that his collision theory, involving the 
probability interpretation as an integral part, indeed solved the problem of quan-
tum-mechanical scattering completely within the wave-mechanical formulation. 
He further declared that, if one so wished, the usual concepts of space and time 
might be retained but not the causal determination of single events …

“In the next two investigations of his program, … [Born dealt with the problems] 
of adiabatic invariance and an exact evaluation of the collision of an atomic par-
ticle (electron or alpha particle) with a neutral hydrogen atom. He submitted the 
result of the latter calculation to the Göttingen Academy in late fall 1928 [no. 
25]. In it, Born proved the Rutherford scattering formula for large values of the 
incident momentum of the alpha particle” (Mehra & Rechenberg, vol. 6, p. 48). 
The method introduced in this paper is now known to every student of quantum 
mechanics as the ‘Born approximation’.

The paper on adiabatic invariance is notable particularly for Born’s discussion of 
‘quantum jumps.’ “Early in October 1926 Born completed a paper [no. 10] on the 
adiabatic principle in quantum mechanics in which he generalised his probabi-
listic interpretation for arbitrary quantum transitions. Accepting Schrödinger’s 
formalism, but not his interpretation of it as a ‘casual continuum theory in the 
classical sense,’ Born pointed out that the wave mechanical formulation, rather 
than necessarily implying a continuum interpretation, may well be ‘amalgamated’ 
with the description of atomic processes in terms of discrete quantum transi-
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tions (quantum jumps) … ‘The individual process, the ‘quantum jump’, continued 
Born, ‘is therefore not causally determined in contrast to the a priori probability 
of its occurrence; this probability is ascertainable by the integration of Schröding-
er’s differential equation which is completely analogous to the corresponding 
equation in classical mechanics, putting into relation two stationary states sep-
arated by a finite temporal interval. The jump thus passes over a considerable 
abyss: whatever occurs during the transition can hardly be described within the 
conceptual framework of Bohr’s theory, nay, probably in no language which lends 
itself to visualizability’” (Jammer, pp. 41-42).

According to the ‘adiabatic principle’ of the Bohr-Sommerfeld theory, since an 
atomic system can exchange energy only in discrete elements (Planck quanta), a 
very slowly changing force (with only small frequency components) can produce 
no ‘quantum jump’ between stationary states, but only a continuous modifica-
tion of the properties of these states. This principle was used to determine the 
quantities which were characteristic for the stationary states (adiabatic invari-
ants). In no. 10 Born showed how to derive this adiabatic property from quantum 
mechanics. He concluded that quantum-mechanical transition processes are re-
versible like the classical ones, except that the reversibility is now expressed as a 
property of the transition probabilities, and that for infinitely slow perturbations 
the probability of a quantum jump is zero.

The Heisenberg papers in the present volume relate to the anomalous Zeeman 
effect and the spectrum of the Helium atom. When an atom is placed in a mag-
netic field, its spectral lines split into a series of equidistant lines – always an odd 
number - whose separation is proportional to the field strength. This, the normal 
Zeeman effect, was explained in 1916 by Debye and Sommerfeld in terms of the 
Bohr-Sommerfeld theory: the splitting was due to the interaction between the 
magnetic field and the orbital magnetic moment of the electrons in the atom. 
However, there is also an anomalous Zeeman effect, observed particularly in at-
oms with odd atomic number, in which the lines split in a more complex fashion. 
“During 1920-24, many physicists attacked the problem [of the anomalous Zee-
man effect] … [but no one] occupied with the problem could justify their results 

in terms of quantum theory. “It’s a great misery with the theory of anomalous 
Zeeman effect,” Pauli wrote to Sommerfeld on July 19, 1923” (Kragh, p. 158).

Heisenberg’s treatment of the anomalous Zeeman effect in nos. 9 & 11 is based 
on his ‘core model’ of atomic structure, which he introduced in 1922 in his first 
published paper. “The Bohr theory of atoms and molecules, Sommerfeld’s ‘quan-
tum theory of spectral lines,’ and the correspondence principle of 1918 … formed 
the foundations of the Bohr quantum theory. This theory provided in turn the 
basis for model interpretations of most, but not all, existing phenomena of em-
pirical spectroscopy. Two phenomena, multiplet line spectra and the anomalous 
Zeeman effect, continually resisted explanation by quantized mechanical models” 
(Cassidy, pp. 191-192).

The eighteen-year-old Heisenberg entered Sommerfeld’s institute in the winter 
semester of 1920-21, and Sommerfeld immediately introduced him to the Bohr 
theory. In June 1921 Alfred Landé gave a phenomenological explanation of the 
splittings observed in the anomalous Zeeman effect, but he did not propose any 
physical interpretation of his theory, writing to Bohr: “With regard to the com-
plicated types of the Zeeman effect, I have found a few empirical rules which … 
permit one to make predictions regarding the neon spectrum. But what these 
rules signify is entirely incomprehensible to me.” Sommerfeld suggested that 
Heisenberg should try to find a model to explain Landé’s rules. “In [the result-
ing paper] he claimed that he was presenting the essential details of a complete 
quantum-theoretical ‘model interpretation’ of the empirical regularities of optical 
multiplet lines in spectroscopy and the anomalous Zeeman effect of these lines in 
a magnetic field. All previous attempts to explain these lines by mechanical mod-
els had failed … The model was nevertheless riddled with what Max Born called 
‘conscious deviations’ from accepted principles and procedures.

“Heisenberg, Sommerfeld’s ‘vastly gifted pupil,’ had reduced the previously in-
explicable line structure to internal magnetic interactions between the valence 
electrons and the rest of the atom. The inner orbits and nucleus acted as a solid 
core … possessing on the average a half-unit of angular momentum. Half-inte-
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gral quantum numbers and magnetic interactions between orbital interactions 
between orbital electrons had already appeared in the work of Landé and others, 
but half-integral momenta and a magnetic core had not. They could not be justi-
fied in either classical or quantum theory, despite Sommerfeld’s blessing.

“Although the model was theoretically untenable, with it Heisenberg could quan-
titatively account for doublet and triplet term energies. By attributing half-inte-
gral angular momenta to the valence electrons, he could also derive the semi-em-
pirical Landé g-factors for the anomalous Zeeman effect and their continuous 
transition to unity in the Paschen-Back effect.

“Heisenberg’s accomplishments were unique, but Bohr judged his ‘interesting 
paper’ to be ‘hardly agreeable with the general assumptions’ of quantum theo-
ry. Not only had Heisenberg introduced real non-integral momenta, but he had 
also violated the Sommerfeld quantum conditions, classical radiation theory, the 
Larmor precession theorem, and the semi-classical criterion of perceptual clarity 
(Anschaulichkeit) in model interpretations. The impact of these violations upon 
the rational advance of quantum theory spurred Bohr and others to try to derive 
Heisenberg’s results without straying too far from current principles and proce-
dures” (ibid. pp. 190-191).

“It was well known that the Bohr-Sommerfeld quantum theory had insuperable 
problems in dealing with atoms with more than one electron and Heisenberg was 
well aware of these, having already worked on the theory of the helium atom on 
the basis of the Bohr-Sommerfeld theory of atomic structure. By 1926, however, 
the problem was ripe for a renewed attack. The discoveries of electron spin by 
Uhlenbeck and Goudsmit and Pauli’s exclusion principle [both in 1925] as well 
as the success with which Heisenberg and Jordan had accounted for the anom-
alous Zeeman effect suggested a new approach to the helium problem. At the 
same time, Heisenberg rapidly assimilated Schrödinger’s wave mechanics which 
provided a simpler means of determining the relevant matrix elements” (Longair, 
p. 316).
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In no. 17, Heisenberg reformulated the two-electron problem in the language of 
wave mechanics, and used it to calculate the energy levels of the helium atom. 
“This language appeared to be more appropriate for calculating the energy states 
of the real two-electron system in the Coulomb field of the helium nucleus. After 
all … a one-to-one relationship existed among the crucial elements of the inter-
action-Hamiltonian matrix and the corresponding integrals of the Schrödinger 
method, which could be obtained in some approximation by taking the overlap of 
two one-electron wave functions, the so-called ‘exchange integral.’ Although the 
results – including also the magnetic electron-spin interaction, which again in-
troduced two separated term systems – came out indeed quite crudely, ‘there fol-
lowed a satisfactory description of the most essential properties of these spectra’ 
(p. 499)” (Mehra & Rechenberg 6, 128). “Thus the helium calculation – in spite of 
the fact that wave mechanical methods entered into it only as a tool for evaluating 
complicated matrix elements – also represented a major triumph of Schröding-
er’s theory, perhaps one of the greatest in view of the many unsuccessful efforts 
during the first half of the 1920s” (Mehra & Rechenberg, vol. 5, pp. 745-6).

“In December, [Heisenberg] completed his extended memoir on the quan-
tum-mechanical many-body problem, so to say, the extension and completion 
(in the mathematical sense and the physical interpretation) of his previous work 
on the two-electron atoms [no. 18]. Although the wave-mechanical language 
might have been most suitable in formulating the rather complicated fundamen-
tal equations, Heisenberg again avoided in his Section I on ‘General principles’ all 
references to the ‘hostile’ scheme [wave mechanics], using only matrix and oper-
ator expressions. Just for practical purposes – in Section II, ‘Atomic systems with 
two electrons,’ and Section III, ‘Resonance effect in the theory of band spectra’ 
– did he permit himself to speak about wave functions” (Mehra & Rechenberg, 
vol. 6, p. 129).

“These calculations were also to lead to the development of the concept of ex-
change forces, the quantum mechanical force associated with the fact that two 
identical electrons cannot occupy the same quantum state” (Longair, p. 318). 
Freeman Dyson showed that it is these exchange forces that are responsible for 
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the imperviousness of solid matter (rather than electrostatic repulsion as had 
been previously assumed); they are also responsible for the formation of white 
dwarf stars.

One further paper in the collection which is of great historical significance is no. 
6, which treats the phenomenon of ‘Thomas precession.’ By 1925, several dis-
crepancies had been found between experimental measurements of the splitting 
of atomic energy levels and the predictions of the Bohr-Sommerfeld theory. To 
explain them, Pauli had found it necessary to postulate a ‘particular two-val-
uedness of the quantum-theoretic properties of the electron, which cannot be 
described from the classical point of view,’ later recognized as the electron spin 
which was proposed, independently, by Kronig and by Goudsmit and Uhlenbeck 
(and initially opposed by Pauli!). A problem quickly arose, however: Heisenberg 
calculated the splitting of the energy levels based on Uhlenbeck and Goudsmit’s 
idea and found that it was twice as large as the experimentally observed value. 
“The missing factor of two was found by [the British physicist Llewellyn] Thomas 
early in 1926, then working in Bohr’s institute. The transformation between the 
two reference systems (orbiting electron and electron at rest) is, of course, a Lo-
rentz transformation. After all, in his first paper on special relativity Einstein had 
used it to connect the electric field of a charge at rest with the magnetic field of a 
moving charge. But a Lorentz transformation can be applied only if the two ref-
erence systems are in uniform (unaccelerated) motion with respect to each other. 
The circular motion appearing here, however, is accelerated. By taking this fact 
properly into account Thomas was able to explain the mysterious factor of two, 
later called the Thomas factor” (Brandt, p. 151). Pauli initially rejected Thomas’s 
work but later, following Bohr’s intervention, he conceded that it was correct. It 
was this historical episode which led to spin being accepted as a central concept 
in quantum physics.

Hartree attended St John’s College, Cambridge but World War I interrupted his 
studies. He joined a group working on anti-aircraft ballistics, gaining consider-
able skill and an abiding interest in numerical methods for the solution of dif-
ferential equations. After the end of the war Hartree returned to Cambridge. In 

1921, a visit by Niels Bohr to Cambridge inspired Hartree to apply his numerical 
skills to Bohr’s theory of the atom, for which he obtained his PhD in 1926 – his 
advisor was Ernest Rutherford. With the publication of Schrödinger’s equation in 
the same year, Hartree was able to apply his knowledge of differential equations 
and numerical analysis to the new quantum theory. He derived the ‘Hartree equa-
tions’ for the distribution of electrons in an atom and proposed the ‘self-consis-
tent field method’ for their solution. The Soviet physicist Vladimir Fock modified 
the Hartree equations so as to be consistent with the Pauli exclusion principle. 
The resulting ‘Hartree-Fock equations’ are of great importance to the field of 
computational chemistry. Hartree held the chair of applied mathematics at the 
University of Manchester from 1929 to 1946, when he returned to Cambridge as 
professor of theoretical physics. In the 1930s, Hartree became interested in elec-
tronic computers, constructing his own version of the Bush differential analyzer 
and later advising on the use of the ENIAC. 

Brandt, Harvest of a Century, 2009. Cassidy, ‘Heisenberg’s first core model of the 
atom: the formation of a professional style,’ Historical Studies in the Physical Sci-
ences 10 (1979), pp. 187-224. Gottfried, ‘Born to greatness?’ Nature 435 (2005), 
pp. 739-740. Jammer, The Philosophy of Quantum Mechanics, 1974. Kragh, Quan-
tum Generations, 1999. Longair, Quantum Concepts in Physics, 2013. Mehra & 
Rechenberg, The Historical Development of Quantum Theory. Pais, ‘Max Born’s 
statistical interpretation of quantum mechanics,’ Science 218 (1982), pp. 1193-
1198. Pais, Niels Bohr’s Times, 1991. 
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boards with vellum tips, spine decorated in gilt and blind with red lettering-piece, 
green marbled edges. A fine and very attractive copy.

First edition, an exceptionally fine copy, of this classic in the history of mathemat-
ics, which gives the first rigorous definitions of the notions of limit, continuity 
and convergence of infinite series, as well as the first comprehensive theory of 
functions of a complex variable. “In 1821, Augustin-Louis Cauchy (1787-1857) 
published a textbook, the Cours d’analyse, to accompany his course in analysis at 
the École Polytechnique. It is one of the most influential mathematics books ever 
written. Not only did Cauchy provide a workable definition of limits and a means 
to make them the basis of a rigorous theory of calculus, but he also revitalized the 
idea that all mathematics could be set on such rigorous foundations. Today the 
quality of a work of mathematics is judged in part on the quality of its rigor; this 
standard is largely due to the transformation brought about by Cauchy and the 
Cours d’analyse” (Bradley & Sandifer, p. vii). “Cauchy rivaled Euler in mathemati-
cal productivity, contributing some 800 books and articles on almost all branches 
of the subject. Among his greatest contributions are the rigorous methods which 
he introduced into the calculus in his three great treatises: the Cours d’analyse de 
l’École Polytechnique (1821), Résumé des leçons sur le calcul infinitesimal (1823), 
and Leçons sur le calcul differential (1829). Through these works Cauchy did more 
than anyone else to impress upon the subject the character which it bears at the 
present time” (Boyer, p. 271).

DBF_Author
DBF_Title
DBF_Title
DBF_PlacePub
DBF_Publisher
DBF_DatePub
DBF_U_Price_1
DBF_Description
https://www.sophiararebooks.com/5345


CAUCHY, Augustin-Louis.

The original development of the calculus by Leibniz and Newton had relied on 
intuitive geometric arguments. Although the majority of scientists and mathema-
ticians accepted the truth of the calculus because of its impressive success in de-
scribing and predicting the workings of the natural world, especially in astrono-
my and mechanics, some, notably Bishop George Berkeley and Michel Rolle, were 
skeptical about the soundness of its foundations. Their criticisms were addressed 
by, among others, Colin Maclaurin and Jean le Rond d’Alembert. The next major 
development came in 1797, when Joseph-Louis Lagrange published his Théorie 
des fonctions analytiques, based on his lectures at the École Polytechnique. La-
grange used power series expansions to define derivatives, but his approach left 
open the question as to whether all functions could be expressed as power series. 
In 1815, just two years after Lagrange died, Cauchy joined the faculty at the École 
Polytechnique as professor of analysis and started to teach the same course that 
Lagrange had taught. He inherited Lagrange’s commitment to establish proper 
foundations for the calculus, but he followed Maclaurin and d’Alembert rather 
than Lagrange and sought those foundations in the formality of limits. A few 
years later he published his lecture notes as the present work. The year after its 
publication, the École Polytechnique changed the curriculum to reduce its em-
phasis on foundations. This probably explains why there was only one edition of 
the work – it became obsolete for the purpose for which it had been intended. As 
its title suggests, Cauchy intended to write a second part; this appeared two years 
later as the Résumé des leçons.

The Cours begins with a short introduction in which Cauchy thanks his teachers, 
Ampère, Laplace and Poisson, and states his reason for writing the volume: “As 
for the methods, I have sought to give the rigour which one demands from ge-
ometry, so that one need never rely on arguments from the generality of algebra.” 
This is followed by 16 pages of ‘Preliminaries,’ in which Cauchy carefully defines 
his terms, distinguishing between number (which had to be positive and real) 
and quantity (which could be positive, negative, or zero, real or imaginary, finite, 
infinite or infinitesimal).

In Chapters I-V Cauchy gives his new approach to limits and continuous func-

tions, and develops their basic properties. In giving his definition of limit, he di-
vorced the idea from any dependence on geometric intuition: “ “When the suc-
cessive values attributed to a variable approach indefinitely a fixed value so as to 
end by differing from it by as little as one wishes, the last is called the limit of all 
the others.” This is the most clear-cut definition of the concept which had been 
given up to that time … Upon the basis of this arithmetical definition of limit, 
Cauchy then proceeded to define that elusive term, infinitesimal … “One says 
that a variable quantity becomes infinitely small when its numerical value de-
creases indefinitely in such a way as to converge to the limit zero” ” (Boyer, pp. 
272-3). With this understood, Cauchy could now define continuity: “the function 
f(x) is continuous within given limits if between these limits an indefinitely small 
increment i in the variable x produces always an indefinitely small increment f(x 
+ i) – f(x), in the function itself. The expressions infinitely small are here to be 
understood … in terms of the indefinitely small and limits” (ibid., p. 277).

In Chapter VI Cauchy turns to the problem of the convergence of infinite se-
quences and series. “In the theory of convergence even more than in the theory 
of continuity, Cauchy broke new ground and set old results on a new, rigorous, 
foundation… We may thank all the eighteenth-century practitioners of the anal-
ysis of the infinite, especially Euler, d’Alembert and Lagrange, for having created a 
wealth of results and techniques for infinite series, especially power series… But 
recognizing the usefulness of the techniques, making the correct generalizations, 
and above all exploiting the methods to prove general theorems about series – 
these were Cauchy’s own achievements. His convergence tests, in particular, gave 
rise to an entirely new subject. He helped found the rigorous theory of power 
series, essential to nineteenth-century analysis. It was above all Cauchy’s work on 
infinite series that so inspired the young Abel and provided the first great contrast 
between Cauchy’s new rigor and the older analysis” (Grabiner, p. 109). Abel called 
the Cours “an excellent work which should be read by every analyst who loves 
mathematical rigour.”

In Chapters VII-X, Cauchy turns to complex variables, what he calls imaginary 
quantities. “The first comprehensive theory of complex numbers is found in Cau-
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chy’s Cours d’analyse. There he justified the algebraic and limit operations on 
complex numbers, considered absolute values, and defined continuity of complex 
functions” (DSB III: 137). Chapter X gives Cauchy’s proof of the fundamental 
theorem of algebra, that a polynomial of degree n has n real or complex roots.

Chapters XI and XII are each short topics, partial fraction decomposition of ratio-
nal expressions and recurrent series, respectively. The work concludes with what 
Cauchy describes in the Introduction as “several notes placed at the end of the 
volume [where] I have presented the derivations which may be useful both to 
professors and students at the Royal Colleges, as well as those who wish to make 
a special study of analysis” (these ‘notes’ occupy 174 pages of text).

The Cours was published by the publishing family of de Bure (‘Booksellers of the 
King’), into which Cauchy had conveniently married in 1818.

C. B. Boyer, The History of the Calculus, 1949, Ch. VII; R. E. Bradley & C. E. San-
difer, Cauchy’s Cours d’analyse. An annotated translation, 2009; J. V. Grabiner, The 
origins of Cauchy’s rigorous calculus, 1981; I. Grattan-Guinness, Convolutions in 
French mathematics, 1800-1840 (1990), Ch. 11; I. Grattan-Guinness (ed.), Land-
mark writings in western mathematics 1640-1940, 2005, Ch. 25. En français dans 
le texte 231 (‘C’est dans ses cours d’analyse de l’École Polytechnique, publiés en 
1821, qu’il émet pour le première fois ses considérations sur les fonctions imag-
inaires … Les conséquences qui vont être dégagées des recherches de Cauchy sur 
les fonctions de variables complexes sont énormes, tant pour la mécanique que 
pour l’astronomie. Elles sont la base de toutes les methods pour l’exposition du 
calcul infinitésimal’).
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THE MOST FAMOUS OSTEOLOGICAL 
ATLAS EVER PRODUCED - INSCRIBED 
PRESENTATION COPY TO 
MARTIN FOLKES
CHESELDEN, William. Osteographia, or the Anatomy of the Bones. London: 
[William Bowyer for the author], 1733.

$55,000

Elephant folio (505 x 350mm), engraved frontispiece, engraved title with royal arms 
on verso, engraved dedication with engraved deer skeleton on verso, 25 leaves with 
29 engravings (vignettes and head-pieces) in text and 112 engraved plates compris-
ing 2 sets of 56 numbered engraved plates (one with letterpress on verso and refer-
ence letters on the recto, one without – except no. 56, which has an unnumbered 
illustration on the verso in both cases, with the work ‘Finis’ in one case) by Jacob 
Schijnvoet and Gerard van der Gucht, and with seven additional plates of animal 
skeletons (some occasional pale spotting or soiling). Presentation binding of red mo-
rocco gilt, sides with wide gilt-floral borders, edges gilt (rebacked preserving original 
spine). Cloth folding case.

First edition, presentation copy inscribed by Cheselden to Martin Folkes, and 
with seven additional plates not found in any other copy. “The most famous 
and among the most artistically interesting osteological atlases ever produced” 
(Norman). Cheselden was the first to use a camera obscura to give precision to 
his work and this use is illustrated on the title page. This is a fine association copy: 
Martin Folkes was a scientist-scholar who at the age of 23 was elected fellow of 
the Royal Society. He was held in such esteem that he president as president of 
the society in the absence of Isaac Newton, and was formally elected President in 
1741, succeeding Sir Hans Sloan. He studied coins and artifacts and published his 
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Table of Silver Coins from the Conquest in 1744. “This work, with its magnificent 
plates depicting the human skeleton, separate and articulated, still ranks among 
the best osteographic atlases. It shows normal adult, fetal, and some pathological 
bones with great accuracy and artistry. Cheselden lost a considerable amount of 
money on the production of his anatomical atlas because so few copies were sold. 
As a result, many of the sets were broken up so the plates could be sold separately 
in order to reduce the amount of his losses. Because of this, complete copies of the 
work are rare. All complete copies contain the text and a double set of plates. One 
of the sets is lettered and has descriptions on the verso of each plate; the other set 
is unlettered with no descriptive information” (Heirs of Hippocrates). “Cheselden 
was aware of the difficulties involved in rendering the complicated three-dimen-
sional forms of the skeleton and attempted to minimize them by having his art-
ists, Gerard van der Gucht (1695/6–1776) and Jacob Schijnvoet (1685–1733), use 
a camera obscura to make the initial drawings, which they gladly agreed to do.3 
As Cheselden tells us in his address ‘To The Reader’, “My engravers, Mr. Vander-
gucht and Mr. Shinevoet, not less skilled in drawing than in their own proper 
art, knew too well the difficulties of representing irregular lines, perspective, and 
proportion, to despise such assistance, always declaring that it was impossible to 
do these things so well without.” The camera obscura appears prominently on the 
title-page of Osteographia and acts as a kind of symbol and guarantee of verisimil-
itude” (Allister, p. 518).

Provenance: Martin Folkes (1690-1754, presentation inscription from the author: 
“These last seven plates are only in this book of my much honour’d friend Martin 
Folkes, Esq. W. Cheselden 3 Feb. 1736”. Folkes was elected a Fellow of the Royal 
Society aged 23 and became President in 1741; Sir John Hayford Thorold (1773-
1831, Syston Park bookplate, his notes on rear pastedown?); Anson W. Ward 
(label presenting the book to; American Museum of Natural History (bookplate 
with cancellation stamp, library pocket on rear pastedown).

“Cheselden, a successful surgeon based in London, first won fame for his per-
fection of the lateral method of lithotomy, or ‘cutting for the stone’. At the time 
of publication of the Osteographia, he was already well established in his career. 

Surgeon to Queen Caroline, to whom the book is dedicated, he was also a Fellow 
of the Royal Society, surgeon at St. Thomas’s hospital and the first foreign member 
of the newly founded Royal Academy of Surgery in Paris. Work was under way 
for the Osteographia already by 1726 when Cheselden states in the preface to the 
Anatomy of the Human Body (1740) that he would have replaced illustrations 
from the first edition:

‘if I had not been so much engaged about an Osteology in which every plate is 
twenty one inches long, and fifteen broad. All the bones will be done so large as 
the life, and the bones of the limbs and trunk, with sceletons as large as the plates 
will admit of; And besides these there will be some plates of the cartilages, liga-
ments and diseased bones; and every chapter will have a distinct head-piece and 
tail-piece, which will be chiefly made of the sceletons of different animals.’

“The Osteographia eventually appeared in 1733 with a double set of plates, 56 
lettered and 56 unlettered, ‘to shew them in their full beauty’ (ch. VIII). Part 
of the delay was that the initial drawings for the plates were abandoned when 
Cheselden, in his desire for the greatest accuracy in the rendering of the skeleton, 
had his artists, Gerard Vandergucht and Jacob Schijnvoet, employ a camera ob-
scura, the use of which is illustrated in a vignette on the title page. As described in 
chapter VIII, the artist drew upon a roughened glass set six inches inside; a sliding 
lens allowed him to adjust the scale. The resulting image was then traced on to 
paper. Many of the preparatory drawings survive in the collection of the Royal 
Academy, London.

“In the production of the plates, Cheselden took a markedly active role. He chose 
the poses for the skeletons and oversaw each stage of the production, stepping 
in when necessary to correct both drawings and plates: ‘where particular parts 
needed to be more distinctly expressed on account of the anatomy, there I always 
directed; sometimes in the drawings with the pencil, and often with the needle 
upon the copper plate.’ Cheselden was also attuned to the different effects that 
could be brought about in the engraving, and he comments that the use of un-
hatched, single lines to evoke the smoothness of the ends of the bones ‘was also 
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my contriving’. Cheselden’s close involvement in making the plates and his desire 
for accuracy through mechanical means, as well as in the great expense incurred, 
parallel the contemporaneous efforts of the Dutch anatomist, Bernhard Siegfried 
Albinus, who had his artist, Jan Wandelaar, view anatomical preparations through 
a grid system of ropes.

“An early influence upon Cheselden’s attention to illustration was the surgeon and 
anatomist William Cowper, with whom Cheselden resided while studying anat-
omy. Cowper was also a remarkable draftsman and provided illustrations for his 
own works and those of others. Cheselden then attended the first St Martin’s Lane 
Academy of Art in 1720 and would himself later contribute accomplished plates 
for his addendum to the translation of Le Dran’s Operations in Surgery (London 
1749).

“Much of the charm of the Osteographia lies with the vignettes of the animal skel-
etons, which are frequently depicted in lifelike poses. A cat with an arched back is 
startled by a dog; a young, antlered deer stops suddenly and turns to the viewer; a 
crane picks up a fish with its beak, yielding the conceit of a skeleton bird seeking 
nourishment from the bones of a fish. Cheselden’s comment concerning the skel-
eton of a bear indicates the care he took in the poses of the animal skeletons: ‘This 
skeleton being put together with stiff wires, I could not alter it into a properer 
posture” (ch. VIII). The pose of the chameleon skeleton, set on a branch with its 
tail wrapped around a twig, seen at the head of the fifth chapter, was adapted from 
an illustration first published by Charles Perrault in 1669.

“The inventiveness seen in the vignettes is likewise found in the decorated initials 
and the plates of entire human skeletons. Inspired by the meditative skeletons 
of Vesalius, Cheselden offers a lateral view of a skeleton kneeling in prayer (Tab. 
XXXVI), the pose chosen in order ‘to represent the figure in a larger scale.’ In the 
Anatomy of the Human Body of 1740, the figure has been adapted for Tab. X and 
is shown with his arms tied behind his back.

“The influence of Vesalius is also evident in the low-set Italianate landscape seen 
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in some of the full-size skeleton plates, such as Tab. XXXII. Here the viewpoint 
manages to confer a monumental sense of scale to the skeleton of a year-and-a-
half-old child, who is shown walking toward the viewer while brandishing an 
adult humerus. This bone serves as a comparison of scale but fails, nevertheless, 
to dwarf the skeleton in any way. The print that follows offers a comparison of 
scale and of species as well, as a skeleton of a boy of nine years is seen leaning 
against the skull of a horse, almost half his height. The frontal views of a male and 
a female skeletons are both after classical statues, the Apollo Belvedere and the 
Medici Venus. Cheselden has altered the pose of the latter, turning her head and 
placing her left arm out to the side rather than in the original ‘pudica’ position, 
thus allowing for a better view of the pelvic bones.

“In addition to developmental plates of the bones, there are several excellent plates 
with cross-sections of the bones and depicting cartilages and ligaments. The sev-
enth chapter and the last nine plates of the book are devoted to diseased bones, 
dealing with cases from Cheselden’s own practice and those of his colleagues. The 
preparation of the bones of the left arm, showing a congenital ankylosis of the 
elbow joint, which was sent to Cheselden by ‘Mr Goodwin’ and survives today 
in the Hunterian Museum, London, is depicted in Tab. LXV. The fused ‘crooked 
skeleton’ of Tab. XLIII is described as having been ‘dug out of a grave’.

“In the Osteographia as well as in his other works, Cheselden favored a reliance 
on the image for elucidation rather than lengthy description: ‘I thought it useless 
to make long descriptions, one view of such prints shewing more than the fullest 
and best description can possibly do’ (Address to the Reader). For example, in 
discussing the intricate bones of the foot he concludes the fifth chapter by saying 
that ‘for what remains see the plate, which makes a farther description needless’. 
The brevity of the text is certainly one valid criticism of the many made by John 
Douglas, a rival lithotomist, in his querulous pamphlet, Animadversions on a late 
pompous book, intituled, Osteographia … by William Cheselden (London 1735). 
Curiously, his brother James Douglas, the anatomist and physician, was a valued 
friend and collaborator of Cheselden’s.

“The brevity of the text, the decorative vignettes and the luxurious production of 
the Osteographia was aimed at attracting a wealthy, general audience for the book. 
It is for this same potential market that Cheselden had earlier designed a course of 
anatomy, given with Francis Hawksbee, which was advertised in The Daily Cou-
rant of 21 March 1721 as, ‘chiefly intended for Gentlemen, Such Things only will 
be omitted as are neither Instructive nor Entertaining and Care will be taken to 
have nothing Offensive.’

“From an advertisement in Cheselden’s Anatomy of 1740, we learn that only 97 of 
the 300 copies of the Osteographia printed had been sold. In an attempt to recoup 
his expenses, 83 of the remaining copies were cut apart so that the prints could 
be sold separately. In addition, 100 prints had been struck for a projected Latin or 
French edition. Some of these were used for an undated edition of the unlettered 
plates, issued without the text.

“The plates of the Osteographia are magnificent and worthy of their fame. They 
are of a far finer quality than the crude depictions of skeletons, originally made 
for James Douglas, that appeared in Cheselden’s first edition of his Anatomy of 
1713. Cheselden’s original plan, laid out in To the Reader, was for a three-volume 
work on human anatomy, all similarly decorated with plates of comparative anat-
omy. It is regrettable that the Osteographia did not meet with the financial success 
necessary to allow the completion of the project” (Kornell).

“Cheselden was apprenticed to a Mr. Wilkes, surgeon of Leicester. He also studied 
under the anatomist William Cowper in 1703 and under James Ferne, a surgeon 
and lithotomist (specialist in removal of bladder stones) at St. Thomas’ Hospi-
tal. By 1711 he was already established as a lecturer in anatomy. Cheselden was 
named assistant surgeon at St. Thomas’ in 1718 and was elected one of the insti-
tution’s principal surgeons the following year. Queen Caroline appointed him to 
be her surgeon in 1727. In 1733 he published Osteographia, an atlas of the bones 
of the human body that was widely celebrated for the beauty and accuracy of its 
illustrations.
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“Cheselden was known for his swift and skillful operations; it was reported that 
he could perform a lithotomy in 54 seconds. He was, in 1727, the first surgeon to 
extract bladder stones using the lateral (rather than the suprapubic) approach, a 
technique invented by him and soon used by surgeons throughout Europe. The 
following year he surgically restored a blind man’s vision and devised a method of 
treatment for some forms of blindness in which an opening, created by surgery, 
functioned as an ‘artificial pupil’” (Britannica).

The magnificent library at Syston Park, formed by John Thorold and his son John 
Hayford Thorold, contained an extraordinary collection of incunabula, Aldines, 
Greek and Latin classics (some printed on vellum), and other important books. 
The 2110 lots brought a total of £28,000, or £13. 5s. per lot, the highest average for 
any book sale for more than a decade.

Choulant-Frank, p.261; ESTC N 55711; Garrison-Morton 395; Heirs of Hippo-
crates 814; Norman 466; Russell 173; Waller 1941; Wellcome II, p. 335. Allister, 
‘The Truth about Our Bones: William Cheselden’s Osteographia,’ Medical History 
54 (2010), 517–528. Kornell, ‘Accuracy and elegance in Cheselden’s Osteographia 
(1733),’ The Public Domain Review, August 22, 2011.
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CHLADNI, Ernst Florens Friedrich.

PMM 233: THE FOUNDATION OF THE 
MODERN SCIENCE OF ACOUSTICS
CHLADNI, Ernst Florens Friedrich. Entdeckungen über die Theorie des Klanges. 
Leipzig: Weidmanns, Erben und Reich, 1787.

$8,500

4to, pp. [iv], 77, [1], with 11 engraved plates, text tables and charts (interior browned 
throughout as usual with this paper stock and with small stain). Contemporary 
wrappers (soiled and spine reinforced). Generally a very good copy preserved in a 
clamshell case.

First edition, rare, of this important work which attempted to describe and visual-
ize the production of sound from solid bodies, “the foundation of the modern sci-
ence of acoustics” (PMM). “The production of sound from solid bodies was not 
clearly understood until Chladni devised the method of sand figures to illustrate 
the structure of vibrations in a solid body” (Norman). “By spreading sand over 
plates and running a violin bow over their edges, Chladni was able to observe the 
structure of the resulting vibrations, because the sand collected along the nodal 
curves where there was no motion. Patterns formed in this way [now known as 
‘Chladni figures’] were symmetrical and often spectacular, the lines of sand form-
ing circles, stars, and other geometric patterns. Chladni first used circular and 
rectangular plates of glass and copper, three to six inches in diameter. Later he ex-
tended his observations to ellipses, semicircles, triangles, and six-sided polygons. 
He generally fixed the plates at one internal point, which became a node, and left 
the sides free. In a few cases a stationary point or line occurred on the edge of 
the plate. Chladni analyzed the sand patterns by classifying them according to 
geometrical shape and noting for each the corresponding pitch. Thus he was able 
to emphasize that the patterns and sounds of a vibrating plate are analogous to 
the shapes and tones of the modes in the harmonic series of a string. In addition 
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to his analysis of surface vibrations, Chladni studied the vibrations of cylindri-
cal and prismatic rods. For the latter, he again used the sand figure method. He 
deduced the velocity of sound in solids from the pitch that a long rod of a given 
material produces when made to vibrate longitudinally. He measured the velocity 
of sound in gases other than air in a similar way: he compared the pitch of a wind 
instrument filled with the gas being studied with the normal pitch of the instru-
ment under standard atmospheric conditions. The visible demonstration of sur-
face vibration received much attention in the 1820s and 1830s. In Germany, Frie-
drich Strehlke continued experimental investigations; Wilhelm and Ernst Weber 
dedicated their treatise on wave motion to Chladni, since they believed that the 
acoustical figures had stimulated the contemporary interest in the subject; and in 
the middle of the century Gustav Kirchoff worked on the mathematical theory 
of vibration. Thomas Young in England had been interested in the experiments 
as early as 1800, and Charles Wheatstone later analyzed them by a geometrical 
superposition principle. Michael Faraday knew about the phenomenon and ex-
perimented with the figures, considering especially the surrounding air currents” 
(DSB).

Provenance: Haskell F. Norman (bookplate).

“Leonardo da Vinci noted the unusual patterns formed by particles in response to 
vibrations. So did Galileo, who noticed that bits of bristle on the sounding board 
of an instrument would move in some areas but not in others. But these so-called 
‘Chladni figures’ bear the name of the man who conducted the first in-depth in-
vestigations of the phenomenon: a German physicist and musician named Ernst 
Florens Friedrich Chladni.

“Chladni was born in Wittenberg in 1756, to a long line of academics. His father 
was a law professor and dean of law at the University of Wittenberg. Both his 
mother and his sister died when he was still quite young. Chladni was mostly 
educated at home by his father, a strict disciplinarian. The boy was often confined 
to his room to study by day, and discouraged from fostering friendships, but he 
loved studying the stars and maps, yearned to travel, and began reading about 

science at age seven. As a teenager he was sent to boarding school near Leipzig, 
rooming with one of his teachers rather than with the other students. His father 
nixed his desire to study medicine and insisted he earn a law degree instead.

“Chladni went on to earn degrees in law and philosophy from the University of 
Leipzig, but his father died just as he completed his studies, leaving Chladni to 
provide for his stepmother. But it also freed him to finally pursue his scientific in-
terests. He eked out a nomadic living giving lectures, initially on law, but eventu-
ally on geometry, geography, and the field to which he would go on to contribute 
so much as a researcher: acoustics.

“Chladni first began conducting experiments in his flat, moving beyond the usual 
studies of vibrations in string and wind instruments to focus on transverse vibra-
tions of rods — inspired by earlier work by Leonhard Euler and Daniel Bernoulli 
— before turning to vibrations of plates, then largely an unknown field. Chladni 
might not have known it at the time — there is no specific mention in his sur-
viving writings — but a century earlier, on July 8, 1680, Robert Hooke sprinkled 
sand over a solid metal plate, ran a violin bow along the edge to make the plate 
vibrate, and noted the unique patterns that formed as the sand grains rearranged 
themselves along the vibrational nodes.

“Chladni would take that work to the next level with his systematic investigation 
of the sound patterns of circular, square, and rectangular plates. By his own ac-
count, Chladni found inspiration in the work of Georg Christoph Lichtenberg, 
who scattered powders over the surface of electrified resin cakes to produce the 
patterns known today as Lichtenberg figures. Figuring he could do the same 
thing with sound, Chladni began scattering sand on his rods and plates. He had 
a musician’s ear and could discern slight changes in frequency, so he noticed that 
different frequencies produced different distinct patterns, and he recorded them 
assiduously. Also, he developed a formula that predicted the sand patterns for 
vibrating circular plates. He published the results — including 11 plates and 166 
figures — in his 1787 treatise Entdeckungen über die Theorie des Klanges …
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“As for the underlying mechanism moving the particles, it appeared to be twofold. 
The sand particles were bouncing on the rapidly vibrating plates, impinging on 
the surface at the crests and moving towards the nodes. But Chladni also noticed 
that his bow shed even finer particles as it moved across the plate, and these finer 
particles migrated toward the antinodes. This is due to a second transport mech-
anism, acoustic streaming, first observed by Michael Faraday back in 1831 [‘On a 
peculiar class of acoustical figures and on the forms of fluids vibrating on elastic 
surfaces,’ Philosophical Transactions, Vol. 121]. It is the opposite of how airflow 
generates vibrations in a musical instrument; in this case, the vertically vibrating 
plates produce a lateral fluid flow along its surface.

“Because the vibrational patterns showed exactly where modes of vibrations fell 
in the back plates of musical instruments, Chladni’s technique soon became a 
vital tool for violin makers and other instrument makers. It is still widely used 
today. Chladni himself invented two musical instruments: the euphony, inspired 
by Benjamin Franklin’s glass armonica, and the clavicylinder, an improvement of 
Hooke’s earlier musical cylinder, or ‘string phone.’

“And his research continues to inspire other scientists. Last year, a Physical Review 
Letters paper described how physicists at the University of Grenoble in France 
performed their own version of Chladni’s pioneering experiment. Rather than 
scattering sand on metal plates, they suspended polystyrene microbeads in water, 
injected the suspension into a microfluidic device, and stretched a membrane of 
polysilicone across a circular opening at the base to create a drum that vibrat-
ed. Then they recorded the positions of the microbeads with a camera attached 
to a microscope. When the plate vibrated, the beads arranged themselves at the 
antinodes, forming inverse Chladni figures — the result of acoustic streaming 
in the fluid. The ability to form such patterns in a microfluidic device opens the 
door to using sound waves to organize objects into specific patterns for various 
technological applications, such as grouping cells into colonies and then using 
changing frequencies to shift their size and distribution, thereby affecting their 
development.
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“Chladni died in April 1827 while on a lecture tour in Breslau, having never held 
a formal academic position. He never married, nor did he have children, and the 
site of his grave has been forgotten. But his patterns continue to inspire scientists 
and artists alike. While the great German author Johann Wolfgang von Goethe 
was mildly dismissive of Chladni when he first met him in Weimar in 1803, by the 
time of the latter’s death he had changed his tune. ‘Who will criticize our Chladni, 
the proud of the nation?’ Goethe wrote. ‘The world owes him gratitude, since he 
made the sound visible.’

“The wonder of giving graphic form to auditory sensation made Chladni a celeb-
rity, and there are accounts of his giving numerous demonstrations before En-
lightenment notables (Goethe, Napoleon etc.) and learned societies” (This month 
in Physics History, APS News, July 2017).

PMM 233a; Dibner, Heralds of Science 150; Norman 480; Sparrow, Milestones of 
Science 39.
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15TH CENTURY ENCYCLOPEDIA OF 
NATURAL HISTORY AND MEDICINE
CUBE (or CUBA, or KAUB), Johannes von. Hortus Sanitatis. De Herbis et Plan-
tis. De Animalibus et Reptilibus. De Avibus et volatilibus. De Piscibus et Natatilibus, 
De Lapidibus et in Terre Venis Nasce(n) tibus. De urinis et earum speciebus. Tabu-
la medicinalis. Cum directorio Generali per pmnes Tractatus. Strassburg: Johann 
Prüss, not after 21 October, 1497.

$185,000

Folio (300 x 210mm), ff. 360, two columns, 55 lines, with large woodcut of scholar 
seated at lectern and four students on verso of title, one large woodcut of a human 
skeleton, one large woodcut of a physician and apothecary in an apothecary’s shop, 
and 1063 woodcuts of plants, animals, etc. in text, capital spaces with guide letters, 
several capitals supplied in red. Contemporary vellum.

Second (first Strasbourg) Latin edition, very rare, of the most extensive 15th-cen-
tury work on natural history and medicine, first published by Meydenbach in 
Mainz in 1491, and compiled by the German doctor and herbalist Johannes de 
Cuba or Johannes von Kaub (fl. 1484-1503). It was the prototype for all subse-
quent editions. Due to its date of printing,  it is the last major medical work to 
cover medicines from the Old World only. The Hortus sanitatis, meaning ‘Garden 
of Health’, provides information on the medicinal use of plants and animals both 
real and mythical. It is partly based on the Gart de gesundheit, published in 1485, 
which is sometimes attributed to Johann von Cube, and was originally printed 
by Peter Schöffer at Mainz in 1485. However, it should be regarded as a separate 
work, as it covers nearly 100 more medicinal plants than the Gart der gesund-
heit and also includes extensive sections on animals, birds, fish and minerals. The 
Hortus Sanitatis is divided into 6 parts: De Herbis, with 530 chapters on herbs; De 
Animalibus, with 164 chapters on land animals (Chapter 1: De homo); De Avibus, 
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with 122 chapters on birds and other airworthy animals; De Piscibus, with 106 
chapters on aquatic animals; De Lapidibus, with 144 chapters on semi-precious 
stones, ores and minerals; and the sixth constituting an essay on uroscopy, the 
medieval art of performing diagnoses through examination of a patient’s urine. It 
is printed in Gothic characters in two columns of 55 lines and includes abundant 
illustrations copied from the 1491 edition, consisting of over 1000 woodcuts the 
width of a column, several of which are repeated, depicting hundreds of plants, 
mammals, birds, insects, fish, monsters and other fabulous creatures. In its many 
editions and translations, the Hortus Sanitatis was the most popular and influen-
tial herbal of its time, and served as an encyclopaedia of the plant, animal, and 
mineral kingdoms and the medical applications of their products. ABPC/RBH 
list only two complete copies.

“It was not until the Early Renaissance that Man discovered Nature in all its rich-
ness and plunged into investigating it. This gave rise to new truly empirical and 
experimental methods of studies, being in sharp contrast with the traditional 
scholastic approach and a mystic under standing of the world. In his thirst for 
knowledge Man treated Nature not as a passive object of contemplations but as 
an unusually rich source which, once understood and investigated, would reveal 
all of its wealth. Mysteries of Nature and their discovery got to the forefront of 
scientific research, which was also engaged in rearranging and revising the earlier 
evidence based on classical and mediaeval sources. This period is particularly 
fascinating as the time of settling accounts with the earlier experience and dis-
covering new territories and tools of scientific development such as invention of 
printing …

“Folk medical knowledge was a general source of information passed on from 
generation to generation. Its dissemination was made easier as herbals appeared 
at that time. Those were the first medical and botanical print ed books of encyclo-
paedic nature. They could hardly be called scientific in the present-day sense of 
the word since the concepts of the Middle Ages and Early Renaissance were rath-
er aimed at rearranging and pop ularizing what had already been known. Never-
theless, such books were signs of the times and an important step on the way to 

science …

“Herbarium by Apuleius Placotonicus (or pseudo-Placotonicus) is the earli-
est printed herbal, published in Rome most likely in 1481. In the foreword the 
author mentions the Monte-Cassino manuscript over a thousand years old as a 
source-book for his Herbarium. This treatise combines medicinal formulae with 
description of herbs. Soon afterwards three printed books came out in Mainz that 
were to have a strong influence on the future of pharmacy. Those were the Lat-
in Herbarius (1484), the German Herbarius (1485) and Ortus (Hortus) Sanitatis 
(1491). The first two of them must have been based on earlier manuscripts though 
the evidence of such borrowings can be found only when these herbals are com-
pared with the texts by Apuleius or with the ancient Greek and Roman originals” 
(Kuznicka, pp. 255-257).

“The first of these is the Latin Herbarius of 1484, which gives pictures and descrip-
tions of 150 plants found in Germany, both native and cultivated … Schöffer’s 
German Herbarius [i.e., the Gart de gesundheit], one of the first scientific books 
printed in a vernacular language, appeared in 1485. It is larger than its Latin 
brother, with nearly 400 plants illustrated, and its text is not related to that of the 
earlier Herbarius, being compiled, according to the introduction, by an anony-
mous amateur botanist, with the advice of Johann von Cube” (Raphael, p. 249).

“The third of the fundamental botanical works, produced at Mainz towards the 
close of the fifteenth century, was the Hortus, or as it is more commonly called 
Ortus Sanitatis, printed by Jacob Meydenbach in 1491. It is in part a modified 
Latin translation of the German Herbarius, but it is not merely this, for it contains 
treatises on animals, birds, fishes and stones, which are almost unrepresented in 
the Herbarius. Nearly one-third of the figures of herbs are new. The rest are copied 
on a reduced scale from the German Herbarius …

“The Ortus Sanitatis is very rich in pictures. The first edition opens with a full-
page woodcut, modified from that at the beginning of the German Herbarius, 
and representing a group of figures, who appear to be engaged in discussing some 



CUBE (or CUBA, or KAUB), Johannes von.

medical or botanical problem. Before the treatise on Animals, there is another 
large engraving of three figures with a number of beasts at their feet, and before 
that on Birds, there is a lively picture with an architectural background, showing 
a scene which swarms with innumerable birds of all kinds, whose peculiarities 
are apparently being discussed by two savants in the foreground. The treatise on 
Fishes begins with a landscape with water, enlivened by shipping. There are two 
figures in the foreground, and in the water, fishes, crabs and mythical monsters 
such as mermen, are seen disporting themselves. Before the treatise on Stones, 
there is a very spirited scene representing a number of figures in a jeweller’s shop, 
and two large woodcuts of doctors and their patients illustrate the medical por-
tion with which the book concludes.

“The treatise on Plants is considerably modified from the German Herbarius, and 
the virtues of the herbs described are dealt with at greater length. The Herbarium 
of Apuleius Platonicus is more than once quoted, though not by name. A number 
of new illustrations are added, some of which are highly imaginative. The Tree of 
Life and the Tree of Knowledge are dealt with amongst other botanical objects, 
a woman-headed serpent being introduced in the first case, and Adam and Eve 
in the second. There is a beautiful description of the virtues of the Tree of Life, in 
which we read that he who should eat of the fruit ‘should be clothed with blessed 
immortality, and should not be fatigued with infirmity, or anxiety, or lassitude, 
or weariness of trouble.’ The engraving which is named Narcissus has diminutive 
figures emerging from the flowers, like a transformation scene at a pantomime! It 
is probably, however, intended to represent the conversion of the beautiful youth, 
Narcissus, into a flower. Apart from these mythological subjects, there are a num-
ber of very curious engravings. A tree called ‘Bausor,’ for instance, which was be-
lieved to exhale a narcotic poison, like the fabulous Upas tree, has two men lying 
beneath its shade, apparently in the sleep of death.

“Among the herbs, substances such as starch, vinegar, cheese, soap, etc., are in-
cluded, and as these do not lend themselves to direct representation, they become 
the excuse for a delightful set of genre pictures. ‘Wine’ is illustrated by a man gaz-
ing at a glass; ‘Bread,’ by a housewife with loaves on the table before her; ‘Water,’ 
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by a fountain; ‘Honey,’ by a boy who seems to be extracting it from the comb; and 
‘Milk,’ by a woman milking a cow. The picture which appears under the heading 
of Amber shows great ingenuity. The writer points out that this substance, accord-
ing to some authors, is the fruit or gum of a tree growing by the sea, while accord-
ing to others it is produced by a fish or by sea foam. In order to represent all these 
possibilities, the figure shows the sea, indicated in a conventional fashion, with a 
tree growing out of it, and a fish swimming in it. The writer of the Ortus Sanitatis, 
on the other hand, holds the opinion that Amber is generated under the sea, after 
the manner of the Fungi which arise on land.

“The treatises on animals and fishes are full of pictures of mythical creatures, such 
as a unicorn being caressed by a lady as though it were a little dog, recalling the 
‘Lady and Unicorn’ tapestry in the Musee Cluny – a fight between a man and 
hydras – the phoenix in the flames – and a harpy with its claws in a man’s body. 
Other monsters which are figured include a dragon, the Basilisk, Pegasus, and a 
bird with a long neck which is tied in an ornamental knot.

“Later Latin editions of the Ortus Sanitatis were printed in Germany and Italy, 
and translations were also popular. The part of the book dealing with animals and 
stones was produced in German under the name of Gart der Gesuntheit; zu Latin 
Ortus Sanitatis, so as to form a supplement to the German Herbarius, which dealt, 
as we have seen, almost exclusively with herbs. No really complete translation of 
the Hortus was ever published, except that printed by Antoine Verard in Paris 
about the year 1500, under the title, Ortus sanitatis translate de latin en François 
… The complete Ortus Sanitatis made its appearance for the last time as Le Jardin 
de Sante, printed by Philippe le Noir about 1539, and sold in Paris” (Arber, pp. 
25-33).

A third, almost identical, Latin edition (also issued by Prüss), appeared after Oc-
tober 1497. The two are often not distinguished in library and auction records.

CIBN, H-295; Goff, H-487; GW, 13550; HC, 8941*; Kristeller, 38; Schrammn, XX, 
p. 14; Schreiber, 4248. Arber, Herbals, Their Origin and Evolution. A Chapter in 

the History of Botany 1470-1670, 1912. Kuznicka, ‘The earliest printed herbals and 
the evolution of pharmacy,’ Organon 16 (1980), pp. 255-266. Raphael, ‘Herbal,’ in: 
The Oxford Companion to Gardens, 1986.
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SUPPORTING EVIDENCE FOR THE 
ORIGIN OF SPECIES
DARWIN, Charles. On the various contrivances by which British and foreign or-
chids are fertilised by insects, and on the good effects of intercrossing. London: John 
Murray, 1862.

$8,750

8vo (197 x 122 mm), pp. vi, 365, [1, colophon], [32, publisher’s advertisements dat-
ed December 1861], with 33 woodcuts in the text and one woodcut folding plate. 
Publisher’s original textured purple-brown pebbled cloth, embossed in blind on both 
boards, titled in gilt on spine, with a large gold-blocked orchid on front board, spine 
stamped and lettered in gilt, brown coated endpapers.

First edition of the first of Darwin’s works to publish extensive evidence support-
ing his theory of evolution through natural selection. In a letter to his publisher, 
John Murray, Darwin wrote: “I think this little volume will do good to the Origin, 
as it will show that I have worked hard at details, & it will, perhaps, serve [to] il-
lustrate how natural History may be worked under the belief of the modification 
of Species” (24 September, 1861; Darwin Correspondence Project 3264). In Life 
and Letters (vol. III, p. 274), Asa Gray is quoted as saying: “if the Orchid-book 
(with a few trifling omissions) had appeared before the ‘Origin’ the author would 
have been canonized rather than anathematized by the natural theologians.” Dar-
win’s orchid book “was concerned with working out in detail the relationships 
between sexual structures of orchids and the insects which fertilise them, their 
evolution being attributed to natural selection. It is therefore the first of the vol-
umes of supporting evidence. It was much praised by botanists, but sold only 
about 6000 copies before the turn of the century’” (Freeman, p. 112). “Darwin 
was adept at flanking movements in order to get around his critics. He would take 
seemingly intractable subjects like orchids flowers and make them test cases for 
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‘natural selection.’ Hence the book that appeared after the Origin was, to every-
one’s surprise, The Various Contrivances by which British and Foreign Orchids are 
Fertilised by Insects (1862). He showed that the orchid’s beauty was not a piece 
of floral whimsy ‘designed’ by God to please humans but honed by selection to 
attract insect cross-pollinators. The petals guided the bees to the nectaries, and 
pollen sacs were deposited exactly where they could be removed by a stigma of 
another flower” (Brittanica). Darwin wrote of the book in his autobiography: 
“On May 15th, 1862, my little book on the Fertilisation of Orchids, which cost me 
ten months’ work, was published: most of the facts had been slowly accumulated 
during several previous years. During the summer of 1839, and, I believe, during 
the previous summer, I was led to attend to the cross-fertilisation of flowers by 
the aid of insects, from having come to the conclusion in my speculations on the 
origin of species, that crossing played an important part in keeping specific forms 
constant. I attended to the subject more or less during every subsequent sum-
mer; and my interest in it was greatly enhanced by having procured and read in 
November 1841, through the advice of Robert Brown, a copy of C. K. Sprengel’s 
wonderful book, Das entdeckte Geheimnis der Natur. For some years before 1862 
I had specially attended to the fertilisation of our British orchids; and it seemed to 
me the best plan to prepare as complete a treatise on this group of plants as well as 
I could, rather than to utilise the great mass of matter which I had slowly collected 
with respect to other plants.”

“Darwin emphasized the roles of inbreeding and outcrossing in formulating his 
theory of evolution and would later write an entire book on the subject – Effects 
of Cross and Self Fertilisation in the Vegetable Kingdom (1876). After all, variation 
is the raw material of evolution by natural selection, and even though Darwin was 
not familiar with Mendelian genetics, he and others, especially livestock breeders, 
knew that sexual reproduction among unrelated individuals had the potential to 
produce a higher level of variation than did inbred lines. But Darwin’s interest in 
the subject may have been more than academic. It has been argued that he had 
a personal interest in the subject of inbreeding, for the Darwin and Wedgwood 
families had intermarried for several generations. Of the 62 aunts, uncles, and 
cousins born in the four generations founded by Charles Darwin’s grandparents, 

Josiah and Sarah Wedgwood, 38 (61%) remained childless. Specifically, a total of 
19 (73%) of the 26 children born from the first-cousin marriages in the ‘Darwood’ 
family did not reproduce. Perhaps some of these couples chose to remain child-
less. Others may have lost children due to lack of modern medical care (although 
the families were both wealthy and would have had access to the best physicians 
of the day). It is likely, however, that this high level of infertility (i.e., reduced ‘fit-
ness’ in the sense of evolutionary theory) was due to genetic defects caused by in-
breeding among the close relatives. Charles Darwin almost certainly recognized 
this fact. Even he married his first cousin, Emma Wedgwood, and several of their 
children died young (3 of 10) or suffered serious health problems. Only 3 of their 
7 living children produced grandchildren for Charles and Emma. Could Darwin’s 
personal family life have influenced the development of his theory of evolution 
with its emphasis on fitness defined by reproductive potential and descent from 
parent to offspring? Some believe that this was precisely the case.

“Whatever the reason, Darwin went forth by publishing his orchid book to 
demonstrate that natural selection not only serves to explain animal evolution but 
plant evolution as well. One might assume that plants tend to self-pollinate (in-
breed) more than do animals, because the former are stationary and their flowers 
generally hermaphroditic. If this were true, it would be a serious flaw in Darwin’s 
theory. Thus, he argued that outcrossing among plants must be more common 
than perceived, and he used as examples the complex behavior of orchid pollina-
tors coupled with detailed descriptions of orchid floral structure to demonstrate 
that these, and most likely other plants as well, are perfectly adapted to avoid self-
ing. In fact, when you think about it, what better group of organisms to document 
this fact than orchids, which have hermaphroditic flowers in which male and fe-
male organs are intimately united into one. This is certainly an extreme case that 
would appear at first glance to promote selfing if ever there was one! This fact was 
not lost on Darwin, who stated in the book that ‘unless we bear in mind the good 
effects which have been proved to follow in most cases from cross-fertilisation, it 
is an astonishing fact that the flowers of Orchids should not have been regularly 
self-fertilised. It apparently demonstrates that there must be something injurious 
in this latter process, of which I have elsewhere given direct proof.’ He concluded 
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the orchid book stating that ‘it is hardly an exaggeration to say that Nature tells us, 
in the most emphatic manner, that she abhors perpetual self-fertilisation.’ 

“While the advantage of outcrossing is a theme that runs through the entire or-
chid book, the fact that Darwin published it immediately after the Origin of Spe-
cies leads us to believe that he had other motives as well. In his rush to publish 
the Origin as quickly as possible (as what he called an unfinished ‘abstract’), Dar-
win was unable to provide all of the supporting material that he felt bolstered his 
argument. Critics were quick to attack, and the orchid book served as a partial 
response … These detailed examples were provided not only for other naturalists 
but also for so-called natural theologians who were beginning to accept many of 
the facts presented by geologists, paleontologists, and biologists in terms of the 
origins and antiquity of life but still saw God as the force guiding all laws of na-
ture. Just as people today continue to debate the driving force of evolution either 
by means of natural selection or the hand of a creator, so they did as well in the 
mid-19th century as the Origin became a bestseller. Throughout the book Darwin 
dismisses what today might be called intelligent design in orchid flowers and in-
stead provides example after example of what he regularly called ‘perfect adapta-
tion.’ For example, Darwin felt no need to invoke the hand of God in referring to 
the flowers of Spiranthes autumnalis as a ‘perfect adaptation by which the pollen 
of a younger flower is carried to the stigma of an older flower’ …

“Among the most celebrated of the detailed examples provided by Darwin in 
the orchid book is his hypothesis concerning the pollination of Angraecum ses-
quipedale. This orchid species endemic to Madagascar is often referred to as the 
‘comet orchid’ because of its unusually long nectar spur (the specific epithet of 
the species, sesquipedale, translates to ‘a foot and a half ’). Although the sphyn-
gid moth pollinator of the comet orchid (Xanthopan morganii praedicta) would 
not be discovered until 1903, and in situ observations of visitation events would 
not be recorded on video until the early 21st century, Darwin’s hypothesis for 
explaining the co-evolution between the orchid and insect would prove to be a 
classic example of the predictive power of evolutionary biology. In his own words, 
Darwin explained that ‘We can thus understand how the astonishing length of 



DARWIN, Charles.

the nectary had been acquired by successive modifications … As certain moths of 
Madagascar became larger through natural selection in relation to their general 
conditions of life [or their proboscis became elongated] … those individual plants 
of the Angraecum which had the longest nectaries (and the nectary varies much 
in length in some Orchids) … would be best fertilised. These plants yield the most 
seed, and the seedlings would generally inherit long nectaries; and so it would be 
in successive generations of the plant and the moth’ …

“The first edition treated 63 genera of orchids, and included 34 illustrations dis-
persed among 365 pages of text … For the most part, these were arranged accord-
ing to the accepted classification system of the day as proposed by John Lindley 
(1827). Subfamilies were not considered, but Orchidaceae (excluding apostasioid 
orchids) were divided into tribes. Chapters 1 and 2 treat Ophreae, in particu-
lar the European terrestrial orchids such as Orchis and Ophrys, the bee orchids. 
A total of 73 pages were devoted to detailed observations and experimentation 
with the orchids with which Darwin would have been most familiar because they 
grew near his home in the English countryside. Among the genera considered 
are Orchis, Ophrys, Herminium, Peristylus, Gymnadenia, Platanthera, Habenar-
ia, Disa, and Bonatea. Chapter 3 and 4 are short and consider tribes Arethuseae 
and Neottieae, respectively. Although Vanillais recognized today as only distantly 
related to these lower epidendroid groups, it was treated among the 12 pages of 
Chapter 3. Among the other genera discussed here are Cephalanthera, Sobralia, 
Pterostylis, Caladenia, and Pogonia. More recent systems of classification, espe-
cially those based on DNA evidence, have demonstrated that these orchids, which 
share plesiomorphic aspects of their floral morphology, actually belong to three 
different subfamilies. Likewise, many of the genera considered together in Lind-
ley’s concept of tribe Neottieae and discussed by Darwin in Chapter 4 (Epipactis, 
Listera, Neottia, Epipogium, Goodyera, Spiranthes, Thelymitra) are now clas-
sified among different tribes of subfamilies Orchidoideae and Epidendroideae. 
Darwin devoted 34 pages to them. 

“The subsequent chapters of the orchid book treated those orchids classified with-
in Epidendroideae, the largest subfamily of Orchidaceae. Today we count nearly 

20,000 different species in that group. However, in Darwin’s day less than 2000 
orchid species were recognized in total. It is almost humorous to note that Lind-
ley estimated that there might be as many of 6000 orchid species to be discovered 
eventually. It might not be surprising, therefore, to realize that Darwin only de-
voted 20 pages of text in Chapter 5 to tribes Malaxeae and Epidendreae. These are 
primarily tropical orchid tribes, and many of the most species-rich genera were 
still poorly collected, especially those from higher elevations of the Andes, New 
Guinea, and southeast Asia. Among the genera that were known to Darwin – 
primarily through relationships with horticulturists at Kew and from other glass-
house collections – were Malaxis, Bulbophyllum, Dendrobium, Cattleya, Laelia, 
Epidendrum, Pleurothallis, and Stelis. Darwin was intrigued by the odd flowers 
of Zootrophion atropurpureum ̧ which he knew and illustrated in Figure 20 as 
Masdevallia fenestrate … 

“Following in sequence we reach Chapters 6 and 7, which are 74 pages in length 
and devoted to the plants Darwin said were ‘the most remarkable of all orchids.’ 
These are members of tribe Vandeae (as then understood), and particular empha-
sis was given to Catasetumand its fast-action mechanism of pollinarium ejection. 
This is not surprising because Darwin was obviously fascinated by plant move-
ment. In 1875, he published Movement and Habits of Climbing Plants. That same 
year, his Insectivorous Plants considered the movement of sundews (Droseraspp.) 
and Venus’ flytrap (Dionaea muscipula Ellis). In 1880, he published The Power 
of Movement in Plants. Other orchids discussed in chapters 6 and 7 of the orchid 
book are Calanthe, Miltonia, Sarcanthus, Maxillaria, Angraecum, Coryanthes, 
Mormodes, and Cycnoches. 

“Chapter 8 is devoted to the lady’s slipper orchids, with one genus (Cypripedium) 
at that time classified into tribe Cypripedieae. Among the 20 pages is also found a 
discussion concerning the homologies of orchid floral organs. This is a wonderful 
chapter in which Darwin demonstrated his skill as a keen observer and experi-
mental biologist. For example, he described several attempts to introduce various 
insects to the flowers of Cypripedium calceolus in order to record their behavior, 
only to find that some ‘were either too large or too stupid, and did not crawl out 
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properly.’ Originally he felt sure that lady’s slipper orchids were pollinated when 
‘insects alighted on the labellum and inserted their proboscides through either of 
the orifices close to the anthers,’ but later realized that this made little sense given 
that ‘if an insect were to insert its proboscis, as I had supposed, from the outside 
through one of the orifices, … the stigma would be liable to be fertilized by the 
plant’s own pollen.’ This would be contrary to the argument made throughout the 
book in favor of mechanisms to ensure cross-fertilization, and so he was delight-
ed to document that his experiments proved just the opposite — Cypripedium 
also manages to avoid self-pollination. 

“An example of a hypothesis presented in the book that would eventually be prov-
en incorrect, however, can be found in this chapter. Figure 36 in the book shows 
an artificial section through a monandrous orchid flower. At the time it was as-
sumed that three anthers of an ancestral inner androecial whorl were modified 
to form the orchid clinandrium and apex of the column. One of the anthers from 
the outer whorl remained fertile, leaving two others ‘of the same whorl combined 
with the lower petal, forming the labellum.’ Today the structure and homologies 
of the orchid labellum are not viewed in this way. There is no evidence that sterile 
stamens or anthers are involved in its construction. 

“Finally, in Chapter 9, titled ‘Gradation of Organs, etc. & Concluding Remarks’, 
Darwin provides a summary of the various examples he has presented through-
out the book, and makes his final arguments. He states, ‘it may naturally be in-
quired, Why do the Orchideae exhibit so many perfect contrivances for their fer-
tilization? From the observations of various botanists and my own, I am sure that 
many other plants offer analogous adaptation of high perfection; but it seems that 
they are really more numerous and perfect with the Orchideae than with most 
other plants.’ From that statement alone it is clear that Charles Darwin had a pas-
sion for orchids. One might even say that he contracted what today some would 
call orchid fever! During in his life he would write to colleagues such statements 
as ‘you cannot conceive how the orchids have delighted me’, ‘I am sillily and very 
idly interested in them’, ‘the orchids are more play than real work’, and ‘the orchids 
have been a splendid sport’. This highly respected and influential scientist, a man 
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who was passionate about animal and plant biology and who would do so much 
to advance evolutionary theory, would state that ‘orchids have interested me more 
than almost anything in my life’” (Cameron).

Freeman 800; Norman 595. Cameron, ‘A look at the ‘Orchid Book’ in celebration 
of Charles Darwin’s 200th birthday,’ Lankesteriana 11 (2011), pp. 223-231.
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THE INVENTION OF THE MINER’S 
SAFETY LAMP IN A CONTEMPORARY 
ROYAL BINDING
DAVY, Humphry. On the Safety lamp for coal miners; with some researches on 
flame. London: Rowland Hunter, 1818.

$9,500

8vo (213 x 130mm), pp. [i-v], vi-viii, [1], 2-148, with engraved folding plate (some 
light spotting).  Contemporary straight-grained red morocco by W.J. Smith of Brigh-
ton, gilt panelled, the Prince of Wales’s feather device gilt on upper cover, spine gilt 
in compartments (corners lightly rubbed). Modern red morocco box.

First edition, in a fine contemporary royal binding, of Davy’s invention of the 
safety lamp, which immediately reduced the number of fatalities in coal mines, 
also allowed miners to mine deeper than was previously possible and was there-
fore fundamental to the rapid industrialisation of Britain during the nineteenth 
century. The present work is “a full description of Davy’s wire-gauze lamp, and 
a preliminary account of his researches on flame, in which he concluded that 
luminosity is due to the presence of solid particles” (Norman). “Following a num-
ber of serious explosions in North East coal mines due to pockets of flammable 
gas known as ‘firedamp’, Humphry Davy was asked by the Rector of Bishopwear-
mouth (near Newcastle) to find a means of lighting coal mines safely. In an in-
tense period of work from mid-October to December 1815, Davy made various 
prototype lamps. The final design was very simple: a basic lamp with a wire gauze 
chimney enclosing the flame. The holes let light pass through, but the metal of 
the gauze absorbs the heat. The lamp is safe to use because the flame can’t heat 
enough flammable gas to cause an explosion, although the flame itself will change 
colour. The lamp was successfully tested in Hebburn colliery in January 1816 and 
quickly went into production. The introduction of the lamp had an immediate 

DBF_Author
DBF_Title
DBF_Title
DBF_PlacePub
DBF_Publisher
DBF_DatePub
DBF_U_Price_1
DBF_Description
https://www.sophiararebooks.com/5334


DAVY, Humphry.

effect, decreasing the number of fatalities per million tons of coal produced enor-
mously and also increasing the amount of coal produced as it allowed miners to 
mine deeper seams of coal.  In this way it made a fundamental contribution to 
the continuing industrialisation of Britain and to many other mining countries, 
during the nineteenth century. At precisely the same time however George Ste-
phenson, a mining engineer at Killingworth Colliery, was also working on the 
problem. He independently invented a remarkably similar lamp and soon the two 
inventors were locked in a bitter dispute over priority. Davy needed to differenti-
ate his lamp from Stephenson’s and therefore claimed that his invention was the 
product of scientific research, despite there being very little science in it – indeed 
the only science in the lamp is the discovery (made independently by Davy, Ste-
phenson and Smithson Tennant) that explosions would not pass through narrow 
tubes. Davy won this battle of words going on to become President of the Royal 
Society, while Stephenson went on to invent the first steam-powered locomotive 
for the railroad” (Royal Institution). The Prince of Wales (Prince Regent at the 
date of publication and later George IV), whose device adorns the upper cover, 
knighted Davy in 1812.

Provenance: George IV (1762-1830) as Prince of Wales (binding). He was King 
from the death of his father, George III, on 29 January 1820 until his own death 
ten years later.

“Davy was indulging in his sporting activities in the Highlands of Scotland … 
when the plea for help came from Mr. Wilkinson and Dr. Gray (rector of Bishop-
wearmouth – later Bishop of Bristol). He replied immediately and said he would 
visit Newcastle on his return journey so as to investigate the problem. This he did 
in August 1815, when he spent some days in discussion with colliery owners and, 
in particular, with Mr Buddle (of the Wallsend Colliery) – an influential person 
on Tyneside and County Durham – who had endeavoured to minimize the risk 
of explosions by forced ventilation of his mines. 

“Davy quickly ascertained the nature of the problem, and he acquired, for his re-
turn to the R[oyal] I[nstitution], bulk samples of fire-damp from various sources 

in the mines. In his laboratory, he reassured himself that fire-damp was, indeed 
(as had been demonstrated earlier by Henry and by Dalton), methane, CH4. He 
set about investigating the range of concentrations in which fire-damp formed 
an explosive mixture with air, and then focused his attention on the degree of 
heat needed to ignite it. He discovered that fire-damp was relatively harder to 
ignite than explosive mixtures of air with H2 [hydrogen] or carbonic oxide (CO) 
or olefiant gas (ethylene, C2H4). For the ignition of fire-damp, a higher tempera-
ture was required. Next, he studied the expansion that occurred on the explosion 
of various mixtures and their power of communicating flame through apertures 
to other explosive mixtures. These experiments yielded the clue that led him to 
the ultimate solution. He investigated the movement of the flame of an explosive 
mixture of coal gas (which consists mainly of H2, CO and C2H4) and air in a tube 
one-quarter of an inch in diameter and one foot long. He found that it took a 
second to travel from one end to the other. When the diameter of the tube was 
reduced to one-seventh of an inch he found that he could not make the mixture 
explode, although coal gas was more explosive than fire-damp. He then exploded 
mixtures of fire-damp via a jar connected with a bladder filled with the same mix-
ture by means of a stopcock with an aperture of one-sixth of an inch and found 
that the flame did not ignite the gas in the bladder. On comparing the effect of 
connections between the jar and the bladder made of glass and metal, he noted 
that flames passed more readily through glass tubes than metal tubes of the same 
diameter, a fact that he attributed to the higher thermal conductivity of the metal 
and, hence, the cooling it produced, bearing in mind his earlier observation that 
– in his own words – the fire-damp requires a very strong heat for inflammation.

“Davy also established that the explosion would not pass through metal slots if 
their diameter was less than one-seventh of an inch, provided they were of suf-
ficient length, nor would it pass through fine wire-gauze. The latter was an im-
portant discovery. He then examined the effect of mixing CO2 or N2 (nitrogen, 
azote) with the explosive mixture and found that the presence of one part of N2 in 
six parts of the explosive mixture deprived it of its explosive power. He obtained 
the same result with one part of CO2 in seven parts of the mixture. He concluded 
that this effect was attributable to the cooling of the flame by this admixture of an 
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‘inert’ gas. 

“Equipped with all of these fundamental, experimental facts, Davy possessed 
sufficient evidence to design his first safety lamp in which, by admitting only a 
limited supply of air to an oil burner, in a closed lantern, the amount of CO2 and 
N2 would be sufficient to prevent an explosion if the air were contaminated with 
fire-damp. Then came his crucial test. With the lamp described above, he tested 
it with the lantern supplied by air through two glass tubes one-tenth of an inch in 
diameter, the chimney being protected in a similar manner. He then introduced 
this lighted lantern into a large jar containing an explosive mixture of air and 
fire-damp: the flame simply increased in size and then was extinguished without 
causing the mixture in the jar to explode …

“Davy’s first paper [‘On the fire-damp of coal mines, and on methods of lighting 
the mines so as to prevent its explosion,’ Philosophical Transactions 106 (1816), 
1–22], written, read and printed within but weeks of his being alerted to the 
dangers that coal miners were exposed when working at seams that emitted fire-
damp, describes 11 distinct kinds of safety lamps … Davy’s second paper [‘An 
account of an invention for giving light in explosive mixtures of fire-damp in coal 
mines, by consuming the fire-damp,’ ibid., 23-24], read to the Royal Society on 11 
January 1816, explains that wire-gauze could be substituted for the glass sides of 
the lantern with perfect security, and this realization led him to the final form of 
the safety lamp. This additional invention of his consists in covering or surround-
ing a flame of a lamp or candle by a wire sieve; the coarsest that he tried (with 
perfect safety) contained 625 apertures in a square inch, and the wire itself was 
1/70th of an inch in thickness; and the finest he tried contained 6400 apertures 
per square inch, with a wire thickness of 1/250th of an inch. Davy tested the lamp 
by putting it into explosive mixtures of air and methane (which he called ‘carbu-
retted hydrogen’). When the gas burnt inside the wire-gauze, and even when it 
became red-hot, explosions never ensued.

“In a paper read to the Royal Society on 25 January 1816 [‘Farther experiments 
on the combustion of explosive mixtures confirmed by wire-gauze, with some 
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observations of flame,’ ibid., 115-119], Davy announced that two lamps made to 
his new design had been tested in the mines of the Wallsend Colliery by Mr John 
Buddle with complete success … A few months later, Davy had the satisfaction of 
seeing his lamp in action in Mr. Buddle’s pits … Davy was urged, by Buddle and 
others, to take out a patent to protect his invention which, as Buddle said, would 
yield him a large income …

“Davy’s lamps were soon in action in many pits; and at a general meeting of coal 
owners at Newcastle in March 1817, he received a vote of thanks for his great ser-
vice to the coal miners. Davy had recognized that if his lamp was exposed to an 
air current of six to seven feet per second, the flame was blown against the gauze 
and raised its temperature to the point when it would cause an explosion in dan-
gerous concentrations of fire-damp. This danger he drew to the attention of po-
tential uses; and in later refinements of his safety lamp, there were two shields to 
protect the flame from a draught. In some lamps, two gauze cylinders to diminish 
this risk were used. The nature of this risk, and its circumvention, was dealt with 
at length by Davy in his January 1817 paper [‘Some new experiments and obser-
vations on the combustion of gaseous mixtures, with an account of a method of 
preserving a continuous light in mixtures of inflammable gases and air without 
flame,’ Philosophical Transactions 107 (1817), 77-85] and in his monograph [the 
offered work] published in 1818 …

“Dr. W. R. Clanny, a philanthropic Irish doctor who practised in Sunderland, had 
seen the tragedies caused by colliery explosions, and in May 1813 he read a paper 
to the Royal Society on an air-tight lantern containing a candle to which air is 
supplied from pairs of bellows after bubbling through some water in the bottom 
of the lantern. The products of combustion escaped through a valve at the top of 
the lantern for which a water trap was later substituted. Clanny and friends tested 
his lantern in the most inflammable part of a colliery, where it gave light without 
causing an explosion. The disadvantage of Clanny’s invention was that it needed 
the services of a boy to carry the lamp and to work the bellows. 

“The other rival was the redoubtable George Stephenson (1781–1848), the col-

liery engineer at Killingworth Main, who had noted that the flames of a number 
of candles placed to the windward of burning blowers of gas were extinguished 
by the burnt air which was carried towards them. He had also noted that when 
fire-damp was ignited, it took an appreciable time for the flame to travel from 
one point to another. This gave him the idea that if a lamp could be made in 
which the velocity of the mixture of fire-damp and air entering below the flame 
was sufficient to prevent the explosion pressing downwards, the burnt air would 
prevent it from pressing upward. Stephenson tested his first lamp successfully in 
a particularly dangerous part of his colliery on 21 October 1815. His later design, 
which then became known as ‘the Geordie’, consisted of an oil lamp with a glass 
chimney. Air was admitted at the side of the lamp through a series of small holes 
in metal plates, the diameter of the outer hole being 2/25th to 1/22nd of an inch 
and that of the wires 1/12th to 1/18th of an inch, the burnt gases escaping through 
a metal cap with small perforations. Although Stephenson’s lamp lacked the pre-
cision of detail (on which safety depends) of the Davy lamp, it is remarkable that 
the keen observations of the unlettered engineer should have led him to a device 
closely related to Davy’s. In some of the coal mines of the north of England, partly 
because of local patriotism, the ‘Geordie’ was preferred to the ‘Davy’ lamp. As a 
consequence of this rivalry, there was some opposition to a proposal (in August 
1818) to present Davy with a gift of a plate in token of the miners’ and owners’ 
gratitude on the grounds that Stephenson was the first discoverer of the principle 
of the safety lamp. Davy’s supporters carried the day, and when he was in New-
castle in 1817, Sir Humphry was presented with a silver plate at a special banquet. 
The supporters of Stephenson collected a sum of £1000, which was presented to 
him with a silver tankard in recognition of the value of the ‘Geordie’. Subsequent-
ly, Davy reacted angrily to Stephenson’s claim … 

“And there was a rumour, reported by Dr Alexander Marcet in a letter to Ber-
zelius, that Davy must have known of Smithson Tennant’s unpublished exper-
iments, showing that explosions of mixtures of coal gas and air could not pass 
through narrow tubes, experiments that Tennant, an English chemist, had made 
in 1813. The Royal Society stepped in and issued the following statement, signed 
by Sir Joseph Banks, PRS, W. H. Wollaston, FRS, W. T. Brande, and others: 
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‘Sir Humphry Davy not only discovered, independently to all others, and without 
any knowledge of the unpublished experiments of the late Mr. Tennant on flame, 
the principle of the non-communication of explosions through small apertures, 
but that he also has the sole merit of having first applied it to the very important 
purpose of a safety-lamp, which has evidently been imitated in the latest lamps of 
Mr. George Stephenson.’ 

“It is gratifying that Michael Faraday, whose honesty and purity of heart are be-
yond a scintilla of doubt, gave his own abbreviated account of the progress of the 
invention of the Davy lamp. Faraday’s notes for a lecture to the London Philo-
sophical Society in 1817 state:

‘The great desideratum of a lamp to afford light with safety; several devised; not 
to mention them all but merely refer to that which alone has been found effica-
cious, the DAVY: this the result of pure experimental deduction. It originated in 
no accident nor was it forwarded by any, but was the consequence of a regular 
scientific investigation.’ 

“A report of the Select Committee appointed by Parliament in 1835 to enquire 
into the nature, cause and extent of those lamentable catastrophes that have oc-
curred in the mines of Great Britain praises Davy for his inventiveness and origi-
nality. It also exonerates Stephenson of plagiarism” (Thomas).

“Davy was able to win [the priority dispute with Stephenson] by linking the lamp 
to the agenda of the president of the Royal Society, Joseph Banks, who sought to 
promote the practical value of science in England for industry, for war, and for 
the exploitation of the empire. Davy had little difficulty in enlisting the support 
of the metropolitan elite of science and, by aligning himself with their Baconian 
ideology, neither of which Stephenson was in a position to do. Therefore, he was 
able to defeat Stephenson’s claims.

“Davy’s victory allowed him to use the lamp as an example of the value of science 

in practical matters. Because of the importance, until the 1980s, of coal mining 
to Britain, the lamp came to enjoy an iconic status as the premier example of the 
supposed dependence of technology on science. Indeed, an image of the lamp 
was used at the symbol of the 20th International Congress of the History of Sci-
ence held in Liège, Belgium, in 1997. But Davy also reaped immediate rewards 
for his success. He was created a baronet in 1818, and the following year France’s 
Académie des Sciences elected him one of its eight foreign associates. (He had re-
ceived only one vote when nominated after his visit to Paris in 1814.) The greatest 
prize was that by becoming so closely associated with the Banksian agenda, Davy 
had put himself in a position to succeed Banks as president of the Royal Society” 
(DSB).

Norman 613. Partington IV, pp. 61-70. Thomas, ‘Sir Humphry Davy and the coal 
miners of the world,’ Philosophical Transactions A373 (2014), pp. 143-163.
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‘ONE OF THE GREAT BOOKS IN THE 
HISTORY OF BOTANICAL 
ILLUSTRATION’ (HUNT)
DODART, Dionys. Mémoires pour servir à l’Histoire des Plantes. Paris: Sebastien 
Mabre-Cramoisy at l’Imprimerie Royale, 1675 [colophon date]-1676 [title page 
date].

$135,000

Broadsheet folio (548 x 406 mm), pp. [vi], 131. Engraved frontispiece by and after 
Sebastian le Clerc, printed by Goyton; 39 engraved full-page illustrations (28 by 
and after Nicolas Robert [1614-85], 11 by Abraham Bosse after Robert); engraved 
headpiece, tailpiece and initial; accompanied by 5 additional engraved plates (see 
above) (some occasional pale spotting, a few small stains). Contemporary French 
gold-tooled red morocco, spine in eight compartments with seven raised bands, 
black morocco lettering-piece in one, repeated floral design in the remaining, edges 
gilt (some wear at ends of spine, a few repairs on sides).

First edition of “one of the great books in the history of botanical illustration, 
where all the technical resources of engraving were utilized in presenting the 
plants as accurately as possible” (Hunt), here accompanied by 5 additional en-
graved plates.

“The idea had originated with Claude Perrault in 1667. When Dionys Dodart 
(1634-1707) was elected to the Académie in 1673, the proposal took definite 
shape, and at the end of 1675, the latter’s Mémoires pour servir à l’Histoire des 
Plantes was published by the Royal Press. This volume, a large folio, was planned 
as the prelude to a vast work whose publication was delayed for many years. Its 
39 plates were engraved from drawings by Nicolas Robert (1614-85), made for 
the most part from life; in the case of several rare plants he was obliged to adapt 
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paintings which he had previously made on vellum at the Jardin du Roi … he 
was assisted, or perhaps directed, by the engraver Abraham Bosse (1602-76) … 
In the preface to Dodart’s Mémoires the intention of the illustrations is clearly 
defined. Wherever possible, the plants were to be portrayed life-size; if larger, 
but not more than twice the size of the page, they would be represented as cut 
in two; if still larger, some detail would be given full-scale, so that the true size 
of the plant could be better appreciated. Moreover, all the technical resources of 
engraving were to be fully utilized. The preface continues: ‘Since printing in co-
lour is not employed yet, and since painters waste much time and are not always 
successful, we thought we could, in future, supply to some extent what was lack-
ing in an engraving, by taking care to indicate, as far as is feasible, the depth of 
the colour. Thus a distinction would be made between brownish-green and pale 
green, between white and dark-coloured flowers …’” (Blunt, pp. 111-2). These 
techniques led to images of such remarkable beauty and quality that numerous 
authorities agree that Dodart’s plates “rank among the best botanical engravings 
ever produced” (Bridson & Wendel). “The Mémoires contains a methodological 
introduction and a model showing how to conduct botanical research. Because of 
Dodart’s recommendation of phytochemical analysis, this work marks a new step 
in botany” (DSB). The first part (‘Projet de l’histoire des Plantes’, pp. [1]-52) estab-
lishes the need for the work and the form of the descriptions and illustrations of 
the plants, and the second part (‘Descriptions de quelques Plantes nouvelles’, pp. 
53-131) comprises descriptions by N. Marchant and illustrations after Nicholas 
Robert of 39 species ‘dont la pluspart sont rares, & n’ont jamais esté ny décrites, 
ny figureés’ (p. 53), in accordance with the structure proposed in the first part, 
describing the plants, their attributes, and the sources of the specimens. The fron-
tispiece depicts a meeting of the Académie in the Royal Library at Versailles, with 
Louis XIV and Colbert in attendance. This is the first published illustration of an 
assembly of a learned society. Of the five additional loose plates that accompany 
this copy, three appear in the work (those on Nn, Ooo [repeated on Ppp] and 
Qqq), but without the text on the verso. The two remaining plates of Tithymalus 
Americanus nodifloris and Aster Verbasci folio were apparently intended for the 
work and engraved by Louis de Châtillon. All are uncut. ABPC/RBH list 8 copies 
(of which 2 lacked the frontispiece). 

Provenance: Thomas Philip de Grey, 2nd Earl de Grey (1781-1859), known as 
The Lord Grantham from 1786 to 1833, Tory statesman and politician and first 
President of the Institute of British Architects in London (Wrest Park bookplate); 
acquired from Lucien Goldschmidt, 1964. Bookplate of Arthur & Charlotte Ver-
shbow. Sold Christie’s New York, 20 June 2013, lot 487.

Christian Huygens was the first to propose that the newly-formed Académie 
des Sciences publish a natural history. It was to be universal and Baconian, and 
must study weight, temperature, color, magnetic attraction, the composition of 
elements, animal respiration, the development of metals, plants and bones. This 
proposal was in fact one of the reasons which convinced Jean-Baptiste Colbert 
and his ministers to found the Academy of Sciences. However, it was modified 
and became two separate projects, dealing with animals and plants. 

Claude Perrault, a close friend of Huygens, proposed in January 1667 that the 
Academy publish a natural history of plants. Perrault was inspired especially by 
Bauhin’s Pinax (1623), which Nicolas Marchant had already begun to revise. Per-
rault identified two ways of organising this study: pure botany, which studies the 
history of plants through the study of the external characteristics and therapeutic 
properties of plants, an approach going back to Aristotle’s Historia animalium; 
and natural philosophy which aims, following Theophrastus and Francis Bacon, 
to research the causes of the medical properties of plants, plant reproduction and 
plant nutrition. According to Perrault, this approach involves chemical analyses, 
observation of seeds and pollen under a microscope, experimentation and testing 
of certain contemporary theories on propagation and generation, including the 
study of whether the sap circulates in plants like blood in the human body.

The Academy at first decided to concentrate on the species of Europe and the Near 
East, leaving the study of American flora to the Minime priest Charles Plumier. 
Perrault worried about the continued support of the crown, and decided that a 
more modest publication has a greater chance of success and should help per-
suade the government to fund more in-depth research which could lead to a more 
comprehensive work being published later. Perrault himself took on the project 
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of producing a History of Animals, published the counterpart to the Mémoires 
des Plantes in 1671 and 1676, the Mémoires pour servir a l’Histoire naturelle des 
Animaux.

Samuel Cottereau Duclos (1598-1685), Perrault’s protégé, was appointed director 
of the History of Plants project.To the initial elements, engraving and description 
of the plants, he added a classification, according to the system of Theophrastus, 
and chemical analyses to the work.He distilled the plants in order to reveal their 
chemical constitution so that he could include in their description the consis-
tency, colour, smell and taste of their components.Duclos believed that the work 
should concentrate on French plants, but his colleagues dreamed of creating a 
work that describes the plants of the whole world and the work was not in the end 
restricted to the national flora. The work was to be written in the vernacular – the 
Sun King and his ministers were probably unfamiliar with Latin. Nevertheless, 
Duclos envisioned a broad audience of natural philosophers for the Mémoires des 
Plantes, not fully grasping that the Academy’s publication needed primarily to 
impress an audience of one – Louis XIV. 

Progress on the Mémoires des Plantes was slow, and in 1673 Denis Dodart took 
over the project. The pragmatic emphasis of the physician Dodart preempted the 
natural philosophical aims and theoretical concerns of the chymist Duclos, and 
redirected the project. Dodart reaffirmed that the aim of the Academy was to 
describe all existing plants, and accepted many of the criteria set out by Perrault 
and Duclos for these descriptions. Marchant also passed on to him his long ex-
perience on how to write descriptions. However, Dodart limited his descriptions 
to the parts of plants which allow their recognition, or which make it possible to 
discover the use of the plant, or which reveal ‘some particular industries of na-
ture.’ Dodart also announced that the artists of the Academy would only refer to 
Duke of Orleans’ collection of watercolors on vellum if Marchant was unable to 
grow certain rare plants.

At the beginning of the work, Dodart affirmed his Baconian principles: 
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‘We will verify by these experiences what the Ancients & Moderns have advanced 
on all this with these precautions; 1, not to dwell on manifestly superstitious ob-
servations; 2, to observe all that will not be such, and not to decide in this respect 
the possible or the impossible by any conjecture; 3, not to condemn as false what 
will not have succeeded for us, but to only recount the process and the success of 
our experiments ….’ (p. 8).

Dodart also introduced the physiology of plants into the work. He explained how 
each plant develops, excluding the question of nutrition or the movement of the 
sap, but the cultivation of plants itself led to analyses of germination and soil. No 
academician had included these subjects in a natural history before.

The work is made up of five chapters: I, Descriptions of the plants; II, Figures of 
the plants; III, The cultivation of plants; IV, The virtues of plants; V, The history of 
plants. The fourth, longest, and most important chapter, on the ‘virtues’ of plants, 
discusses their chemical composition. 

The 39 descriptions, written by Nicolas Marchant, vary greatly in length, from 
one page to a few lines. They are ordered alphabetically, facing the associated 
engraving. Some descriptions specify the origin of the specimen. Thus, there are 
two of Jean Richer (1630-1696), “from the Royal Academy of Sciences, sent by the 
King to Acadia & Cayenne for astronomical and physical observations”, two by 
Monsieur Griffelet (or Griselay) from Portugal, “professor of botany and chem-
istry”, one of Mr. Denison “who is very curious and very intelligent”, two of Mr. 
Magnol “doctor of medicine, very learned in the knowledge of plants”, one of Mr. 
Andrea da Roffo, “Gentilhomme Florentin”, and one by Gaston de France. It is 
specified that eight come from America (including Acadia, Brazil, Cayenne, Can-
ada), two from the gardens of Blois and Chambord, five from the south of France, 
two from Portugal, four from Italy, and one from Syria.

The engravers were inspired by the watercolors produced by Nicolas Robert for 
the collection of the Duke of Orleans in Blois, bought by the Royal Library and 
transferred to Paris. However, under Dodart’s direction, they studied specimens 

from life whenever possible. Perrault asked for the creation of an “Academic Gar-
den” for this purpose, and in the 1670s Nicolas Marchant managed part of the 
vast grounds of the Royal Garden of Medicinal Plants on behalf of the Academy 
under the name of the Petit Jardin. They drew delicate parts or very small plants 
with the help of a microscope. The technique of etching was preferred to intaglio 
so as to suggest gradations of colour. The illustrations showed the actual or rel-
ative size of each plant and its appearance in its natural state. Sometimes a juve-
nile state is represented, Dodart using the term “the nascent plant” to distinguish 
them from “the perfect plant”. The work had 39 plates, but Trifolium echinalo cap-
ite and Trifolium blese are illustrated by the same plate, reproduced twice. The first 
is l’Angélique d’Acadie, first described by Dodart in 1666. 

Michel-Eugène Chevreul underlined in February 1858 the merits of chapter 4, 
which introduced the use of chemical analysis to analyze the properties of plants: 
“It is impossible,” he wrote, “to have better understood the spirit of the research 
that a knowledge of plants requires in general, and in particular from a chemical 
point of view, than Dodart did … No correct idea of organic analysis then existed, 
and Dodart, by accepting the expression ‘virtues of plants’, made a perfectly cor-
rect criticism of the way in which Antiquity and the Middle Ages had made use of 
it; consequently, he insisted on the need to ascertain first of all whether a certain 
virtue, which had been attributed to a plant, really existed, then he indicated how 
to proceed to discover new ones. And the word virtue was for him synonymous 
with the word property, because he extended it to the faculties that plants may 
have of being used for the preparation of lacquers, for dyeing, etc.” (Journal des 
Savants, February 1858, pp. 113 & 116). 

Bridson & Wendel, Printmaking in the Service of Botany 16; Brunet II, 785; De 
Belder sale 107; Graesse II, 415; Hunt 343; Nissen 502; Plesch sale 210; Pritzel 
2341.
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ESQUIROL, Jean-Etienne Dominique.

THE FIRST MODERN TEXTBOOK OF 
PSYCHIATRY
ESQUIROL, Jean-Etienne Dominique. Des maladies mentales considérées sous 
les rapports médical, hygiénique et médico-légal. Paris: Jean-Baptiste Ballière, 1838.

$12,000

Text: Two vols, 8vo (222 x140mm), pp. xviii, 678; [iv], 864; Atlas: 4to (235 x 
162mm), pp. [iv], with 27 engraved plates (1 folding), all but the last by Ambroise 
Tardieu (1788-1841), uncut (spines and extremities with some wear, spine strip of 
atlas carefully renewed at some point). Original pink buff printed wrappers. Custom 
cloth box with the bookplate of Haskell F. Norman. A fine copy.

First edition, the Norman copy in original printed wrappers, of ”the first modern 
textbook of psychiatry” (Garrison-Morton). “Esquirol’s book … summarized the 
experience gained over a lifetime of observation and treatment of mental illness, 
in which he closely followed the humanitarian principles of his teacher, Philippe 
Pinel. Esquirol was one of the first to apply statistical methods to clinical studies 
of insanity. He recognized the uselessness of the traditional terminology for men-
tal illnesses, and created new descriptions and classifications based upon his own 
observations. He was the first to distinguish between hallucinations and illusions, 
and between dementia and idiocy; he also provided the classic description of pa-
resis, coined the term ‘monomania’ (a concept foreshadowing the modern view 
of schizophrenia) and distinguished certain depressive states (‘hypermanias’) 
from other psychoses. Along with Pinel, Esquirol is regarded as the founder of 
the French school of psychiatry; his Maladies mentales [1838] was a basic psy-
chiatric text for over half a century” (Norman). Esquirol contributed a series of 
articles to the Dictionnaire des Sciences Médicales (1812–1822). He was respon-
sible for among others the articles Demonomanie, Foli, Manie, and Lypemanie. 
These and other papers by Esquirol were collected and published in a revised and 
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expanded version in 1838 in his Des Maladies Mentales. “He published Des mal-
adies mentales in 1838, only two years before his death. In that treatise, Esquirol 
tries to classify different types of mental disorders. Chapter VIII is entitled ‘De 
la lypémanie ou mélancolie,’ and tries to rephrase and to medicalize the concept 
of melancholy. Esquirol replaces ‘melancholy’ with a term that will shape mental 
alienations studies for a long time: monomania. Esquirol creates the term lype-
mania to signify a type of depressive monomania. Lypemania is hereditary, and 
affects subjects with ‘un tempérament mélancolique.’ Ancient characteristics of 
melancholy have not totally disappeared from Esquirol’s treatise, since the physi-
cal characteristics of the lypémaniaque resemble those of the ancient melancholic. 
‘Les auteurs, depuis Hyppocrate, donnent le nom de mélancolie au délire car-
actérisé par la morosité, la crainte et la tristesse prolongées. Le nom de mélancolie 
a été imposé à cette espèce de folie parce que, selon Galien, les affections morales 
tristes dépendent d’une dépravation de la bile … Il est certain que le mot mélan-
colie, même dans l’acception des anciens, offre souvent à l’esprit une idée fausse, 
car la mélancolie ne dépend pas toujours de la bile. Cette nomination ne saurait 
convenir à la mélancolie, telle que la définissent les modernes. Cette double con-
sidération m’a fait poser le mot monomanie formé de seul et de manie, terme 
qui exprime le caractère essentiel de cette espèce de folie dans laquelle le délire 
est partiel, permanent, gai ou triste. Le mot mélancolie … doit être laissé aux 
moralistes et aux poètes’ (Vol.1, chapter VIII). In chapter XII, Esquirol treats the 
problem of mania in general. He dissociates ‘les manies’ from monomania and 
lypemania: the latter display ‘un délire triste ou gai, … partiel et circonscrit dans 
un petit nombre d’idées et d’affections.’ Manias in general influence not only ‘les 
affections,’ that is, emotions, but also the intelligence of the patient. Esquirol uses 
the illustration on plate X to describe the physical manifestations of mania, and 
on the next page, on plate XI, he compares it to the same subject when the crisis 
is over” (Brown University Library)

Provenance: Haskell F. Norman (bookplate on custom cloth box).

Jean-Étienne Dominique Esquirol (1772-1840) was born and raised in Toulouse. 
After completing his education at Montpellier, he came to Paris in 1799 where he 

worked at the Salpêtrière Hospital and became a favourite student of Philippe Pi-
nel. To enable Esquirol to take up the intensive study of insanity in an appropriate 
setting, Pinel reportedly put up the security for the house and garden on Rue de 
Buffon where Esquirol established a maison de santé or private asylum in 1801 or 
1802. Esquirol’s maison was quite successful, being ranked, in 1810, as one of the 
three best such institutions in Paris.

In 1805 he published his thesis The passions considered as causes, symptoms and 
means of cure in cases of insanity. Esquirol, like Pinel, believed that the origin 
of mental illness could be found in the passions of the soul and was convinced 
that madness does not fully and irremediably affect a patient’s reason. Esquirol 
was made médecin ordinaire at the Salpêtrière in 1811, following the death of 
Jean-Baptiste Pussin, Pinel’s trusted concierge.

Esquirol saw the question of madness as institutional and national. This was es-
pecially true for the poor where he saw the state, with the help of doctors, playing 
an important role. He also saw an important role for doctors in caring for people 
accused of crimes who were declared not responsible by reason of insanity. In 
public controversies over this question he promoted the usefulness of the diagno-
sis of monomania. By taking such an active role in these public matters, his fame 
eclipsed that of his teacher Pinel.

In 1817, under the restored Bourbon monarchy, Esquirol initiated a course in 
maladies mentales in the makeshift quarters of the Salpêtrière dining hall. This 
was perhaps the first formal teaching of psychiatry in France. It was in 1817 that 
he coined the word hallucination. At this time he was neither a professor at the 
Paris faculty or the chief physician at a Paris hospital, but merely a médecin ordi-
naire.

In 1810, 1814 and 1817 Esquirol, at his own expense, had toured facilities for 
lunatics throughout France. In 1818 following these trips he wrote a short mem-
oir presented to the minister of the interior and a more detailed description of 
his findings published in the Dictionnaire des sciences médicales. These articles 
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described, in precise and frightening terms, the conditions in which the insane 
lived throughout France. They demonstrate that the reforms undertaken in Paris 
had not penetrated the provinces. Together these two articles constituted a pro-
gramme of reform directed both at the government and the medical profession.

This programme consisted of four points:

First, that insanity should be treated in special hospitals by physicians with spe-
cial training.

Second, that reform involved exporting the advances made in Paris to the prov-
inces.

Third, that “a lunatic hospital is an instrument of cure”. By this he meant that the 
physical structure of new psychiatric hospitals must be designed to support the 
practice of the new specialty.

Fourth, Esquirol insisted on the definitive medicalization of the care of the insane. 
“The physician must be, in some matter, the vital principal of a lunatic hospital. It 
is he who should set everything in motion. The physician should be invested with 
an authority from which no one is exempt.

At the behest of the minister of internal affairs, Esquirol next undertook a nation-
wide survey, visiting all the institutions throughout France where mental patients 
were confined. In 1822 he was appointed inspector general of medical faculties, 
and in 1825 director of Charenton Hospice. He became the main architect of the 
national law of 1838 that instituted departmental asylums for all needy French 
mental patients and that is still in force today. In 1834, he was elected a foreign 
member of the Royal Swedish Academy of Sciences.

Garrison-Morton 4798; Norman 726 (this copy). Hunter & Macalpine, pp. 731-
738; Zilboorg & Henry, pp. 390-393; Alexander & Selesnick, The History of Psy-
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chiatry, pp. 137-138; Gilman, Seeing the Insane, pp. 76-82; Hirsch II, pp. 437-39; 
Hagelin, Rare and Important Medical Books in the Library of the Swedish Society 
of Medicine, pp. 152-153.
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PMM 25 - THE FIRST EDITION OF 
EUCLID – LEWIS CARROLL’S COPY
EUCLID. Elementa geometriae. [Translated from the Arabic by Adelard of Bath (c. 
1080-c. 1152). Edited by Giovanni Campano da Novara (1220-96).] Venice: Erhard 
Ratdolt, 25th May 1482.

$285,000

Super-chancery folio (292 x 205mm), [137] leaves (of 138, lacking the final blank), 
45 lines and headline, types 3:91G (text), 7:92G (preface and propositions), 7B:100R 
(headlines, capitals only), 6:56G (diagram lettering), heading on a2r red-printed, 
three-quarter white-vine woodcut border (BMC 2b, Redgrave 3), possibly by Ber-
nhard Maler, 15 ten-line and numerous five-line black-on-white woodcut initials, 
over 500 marginal woodcut and type-rule diagrams (a few diagrams just shaved, 
the first and last leaves with a few small wormholes, some neatly filled, small mar-
ginal repairs to r5 and r7, not affecting text). Mid-nineteenth-century English dark 
blue morocco, covers decoratively panelled in blind, spine decoratively tooled and 
lettered in gilt in compartments, board edges and turn-ins decoratively tooled in 
blind, marbled endpapers, early manuscript lettering on lower edge. Housed in a 
cloth clamshell case.

First edition, Lewis Carroll’s copy, of the “oldest mathematical textbook still in 
common use today” (PMM), This book “has exercised an influence upon the hu-
man mind greater than that of any other work except the Bible” (DSB). Euclid’s 
Elements is the only work of classical antiquity to have remained continuously in 
print, and to be used continuously as a textbook from the pre-Christian era to the 
20th century. It is the foundation work not only for geometry but also for num-
ber theory. Euclid’s Elements of Geometry is a compilation of early Greek mathe-
matical knowledge, synthesized and systematically presented by Euclid in ca. 300 
BC. Books I-IV are devoted to plane geometry, Book V deals with the theory of 
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proportions, and Book VI with the similarity of plane figures. Books VII-IX are 
on number theory, Book X on commensurability and incommensurability, Books 
XI-XII explore three dimensional geometric objects, and Book XIII deals with 
the construction of the five regular solids. The text is the standard late-medieval 
recension of Campanus of Novara, based principally on the 12th-century transla-
tion from the Arabic by Adelard of Bath. In fact, Adelard left three Latin versions 
of Euclid. Campanus’s text is a free reworking of earlier Latin translations, mainly 
Adelard’s second version (an abbreviated paraphrase), with additional proofs that 
make it “the most adequate Arabic-Latin Euclid of all … With an eye to making 
the Elements as self-contained as possible, he devoted considerable care to the 
elucidation and discussion of what he felt to be obscure and debatable points” 
(DSB). This text was printed more than a dozen times in the late-15th and 16th 
century. The “decisive influence of Euclid’s geometrical conception of mathemat-
ics is reflected in two of the supreme works in the history of thought, Newton’s 
Principia and Kant’s Kritik der reinen Vernunft” (DSB). Ratdolt’s edition is one of 
the most beautifully printed of early scientific books, and is the first dated book 
with diagrams (Stillwell). His method of printing diagrams in the margins to il-
lustrate a mathematical text became a model for much subsequent scientific pub-
lishing. The method used to is still a matter of scholarly debate: although tradi-
tionally described as woodcuts, it is probable that printer’s “rules” were used, i.e., 
thin strips of metal, type high, which were bent and cut and adjusted and set into 
a substance that would hold them (and pieces of type) in place.

Provenance: Charles Dodgson (1832-98); the London bookseller Tregaski’s, sold 
to; Henry Yates Thompson (bookplate with note that he purchased it from Tregas-
ki’s on 6th July 1898, six months after Lewis Carroll’s death in January 1898, and 
pencilled note on front flyleaf: “This book belonged to the Revd. C.L. Dodgson / 
(Lewis Carroll) who besides Alice in Wonderland/etc. wrote ‘Euclid & his modern 
Rivals’ London/1879 in which he no doubt refers to it”); Bernard Quaritch Ltd. 
(purchased in the last of seven sales of Thompson’s library, Sotheby’s, 18 August 
1941. Best known today for his ‘Alice’ stories, written under the pen name Lewis 
Carroll, Dodgson was an accomplished mathematician, and the author of several 
mathematical books, not only on puzzles and games, but also on ‘serious’ topics. 

Most notable, perhaps, is his Euclid and His Modern Rivals (1879), in which “he 
sets out to provide evidentiary support for the claim that The Manual of Euclid is 
essentially the defining and exclusive textbook to be used for teaching elementary 
geometry. Euclid’s sequence and numbering of propositions and his treatment of 
parallels, states Dodgson, make convincing arguments that the Greek scholar’s 
text stands alone in the field of mathematics. The author pointedly recognises the 
abundance of significant work in the field, but maintains that none of the subse-
quent manuals can effectively serve as substitutes to Euclid’s early teachings of 
elementary geometry” (CUP reprint, 2009).

Born ca. 300 BC in Alexandria, Egypt, “Euclid compiled his Elements from a 
number of works of earlier men. Among these are Hippocrates of Chios (flour-
ished c. 440 BC), not to be confused with the physician Hippocrates of Cos (c. 
460–375 BC). The latest compiler before Euclid was Theudius, whose textbook 
was used in the Academy and was probably the one used by Aristotle (384–322 
BC). The older elements were at once superseded by Euclid’s and then forgotten. 
For his subject matter Euclid doubtless drew upon all his predecessors, but it is 
clear that the whole design of his work was his own …

“Euclid understood that building a logical and rigorous geometry depends on the 
foundation—a foundation that Euclid began in Book I with 23 definitions (such 
as “a point is that which has no part” and “a line is a length without breadth”), five 
unproved assumptions that Euclid called postulates (now known as axioms), and 
five further unproved assumptions that he called common notions. Book I then 
proves elementary theorems about triangles and parallelograms and ends with 
the Pythagorean theorem …

“The subject of Book II has been called geometric algebra because it states alge-
braic identities as theorems about equivalent geometric figures. Book II contains 
a construction of “the section,” the division of a line into two parts such that the 
ratio of the larger to the smaller segment is equal to the ratio of the original line 
to the larger segment. (This division was renamed the golden section in the Re-
naissance after artists and architects rediscovered its pleasing proportions.) Book 
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II also generalizes the Pythagorean theorem to arbitrary triangles, a result that is 
equivalent to the law of cosines. Book III deals with properties of circles and Book 
IV with the construction of regular polygons, in particular the pentagon.

“Book V shifts from plane geometry to expound a general theory of ratios and 
proportions that is attributed by Proclus (along with Book XII) to Eudoxus of 
Cnidus (c. 395/390–342/337 BC). While Book V can be read independently of the 
rest of the Elements, its solution to the problem of incommensurables (irrational 
numbers) is essential to later books. In addition, it formed the foundation for a 
geometric theory of numbers until an analytic theory developed in the late 19th 
century. Book VI applies this theory of ratios to plane geometry, mainly trian-
gles and parallelograms, culminating in the “application of areas,” a procedure for 
solving quadratic problems by geometric means.

“Books VII–IX contain elements of number theory, where number (arithmos) 
means positive integers greater than 1. Beginning with 22 new definitions—such 
as unity, even, odd, and prime—these books develop various properties of the 
positive integers. For instance, Book VII describes a method, antanaresis (now 
known as the Euclidean algorithm), for finding the greatest common divisor of 
two or more numbers; Book VIII examines numbers in continued proportions, 
now known as geometric sequences (such as ax, ax2, ax3, ax4, …); and Book IX 
proves that there are an infinite number of primes.

“According to Proclus, Books X and XIII incorporate the work of the Pythagorean 
Thaetetus (c. 417–369 BC). Book X, which comprises roughly one-fourth of the 
Elements, seems disproportionate to the importance of its classification of incom-
mensurable lines and areas (although study of this book would inspire Johannes 
Kepler [1571–1630] in his search for a cosmological model).

“Books XI–XIII examine three-dimensional figures, in Greek stereometria. Book 
XI concerns the intersections of planes, lines, and parallelepipeds (solids with 
parallel parallelograms as opposite faces). Book XII applies Eudoxus’s method of 
exhaustion to prove that the areas of circles are to one another as the squares of 
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their diameters and that the volumes of spheres are to one another as the cubes 
of their diameters. Book XIII culminates with the construction of the five regu-
lar Platonic solids (pyramid, cube, octahedron, dodecahedron, icosahedron) in a 
given sphere” (Britannica).

“The significance of Euclid’s Elements in the history of thought is twofold. In the 
first place, it introduced into mathematical reasoning new standards of rigor 
which remained throughout the subsequent history of Greek mathematics and, 
after a period of logical slackness following the revival of mathematics, have been 
equaled again only in the past two centuries. In the second place, it marked a de-
cisive step in the geometrization of mathematics … It was Euclid in his Elements, 
possibly under the influence of that philosopher who inscribed over the doors of 
the Academy ‘God is for ever doing geometry,’ who ensured that the geometrical 
form of proof should dominate mathematics. This decisive influence of Euclid’s 
geometrical conception of mathematics is reflected in two of the supreme works 
in the history of thought, Newton’s Principia and Kant’s Kritik der reinen Vernunft. 
Newton’s work is cast in the form of geometrical proofs that Euclid had made the 
rule even though Newton had discovered the calculus, which would have served 
him better and made him more easily understood by subsequent generations; 
and Kant’s belief in the universal validity of Euclidean geometry led him to a 
transcendental aesthetic which governs all his speculations on knowledge and 
perception. It was only toward the end of the nineteenth century that the spell of 
Euclidean geometry began to weaken and that a desire for the ‘arithmetization 
of mathematics’ began to manifest itself; and only in the second quarter of the 
twentieth century, with the development of quantum mechanics, have we seen a 
return in the physical sciences to a neo-Pythagorean view of number as the secret 
of all things. Euclid’s reign has been a long one; and although he may have been 
deposed from sole authority, he is still a power in the land” (DSB).

This copy is in the second state, as found in almost all copies printed on paper. The 
second state has leaves a1-a9 set differently from the first state: the heading on a1v 
is in two lines rather than three and is set in the same type as the text rather than 
heading type; the three-sided woodcut border and woodcut initial “P” are added 

to a2r; the headline in red on a2r beings “Preclarissimus liber elementorum;” and 
headlines do not begin until a10r. “The two outer pages of sheet c1 also differ, 
having evidently been reprinted owing to errors in the text and the diagram … of 
the 12th proposition of the 4th book” (B.M.C.). Copies of the first state include 
those printed on vellum in the British Library and the Bibliothèque Nationale.

BMC V, 285 (IB. 20513); Dibner, Heralds of Science 100; Essling 282; Goff E-113; 
Grolier/Horblit 27; GW 9428; Klebs 383.1; Norman 729; PMM 25; Redgrave 26; 
Sander 2605; Stillwell Science 163; Thomas-Stanford 1a; Goff E-113.
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EULER, Leonhard.

THE THIRD PART OF EULER’S GREAT 
TRILOGY ON THE CALCULUS
EULER, Leonhard. Institutionun Calculi. Volumen primum [secundum, tertium]. 
St. Petersburg: Academiae Imperialis Scientiarum, 1768-69-70.

$12,500

Three vols., 4to (250 x 192 mm), pp. [iv], 542; [iv], 526, [8]; [viii], 639, with one 
folding engraved plate (light marginal damp stains to a few leaves, small red ink 
stamp on verso of each title page – as in the Norman copy). A few, mostly marginal, 
corrections in an early hand, two sheets of early manuscript calculations tipped in at 
pp. 326 and 338 of vol. I. Contemporary boards with manuscript paper spine labels 
(rubbed, capitals worn). A very good unrestored copy in original state.

First edition, very rare when complete with the folding plate, of the third part 
of Euler’s monumental trilogy on analysis, following his Introductio in analysis 
infinitorum (1748) and Institutiones calculi differentialis (1755). “They were not 
didactic works in the sense that they did not aim to introduce and explain a con-
solidated scientific discipline to students. Instead, Euler’s main goal in writing 
them was the constitution of analysis as a new and autonomous branch of math-
ematics which is independent of geometry and arithmetic” (Ferraro, p. 39). “The 
methods of indefinite integration in the Institutiones calculi integralis (I, 1768) 
are described by Euler in quite modern fashion and in a detail that practically 
exhausts all the cases in which the result of integration is expressible in elemen-
tary functions. He invented many of the methods himself; the expression ‘Euler 
substitution’ (for rationalization of certain irrational differentials) serves as a re-
minder of the fact. Euler calculated many difficult definite integrals, thus laying 
the foundations of the theory of special functions … The Institutiones calculi in-
tegralis exhibits Euler’s numerous discoveries in the theory of both ordinary and 
partial differential equations, which were especially useful in mechanics” (DSB). 
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“Euler’s contributions to ordinary differential equations, as summarized in this 
text, are so outstanding that it can be regarded as the main milestone on the sub-
ject from which all the related texts can be referred to” (Vellando, p. 344). “The 
first volume is noteworthy for including Euler’s general addition theorem, the dis-
covery of which was his major contribution to the theory of elliptic integrals. The 
third volume introduced double integrals and established the rule of substitution” 
(Norman). “In Institutiones calculi integralis(1768-70) Euler made a thorough in-
vestigation of integrals which can be expressed in terms of elementary functions. 
He also studied beta and gamma functions, which he had introduced first in 1729 
… As well as investigating double integrals, Euler considered ordinary and partial 
differential equations in this work” (Mactutor). “The first volume consists of an 
introduction and three sections. In the introduction, Euler discusses the nature 
of the integral calculus. In the first section, Euler deals with the integration of 
elementary functions; in particular he examines approximate integration and in-
tegration by series and infinite products. In the second section, Euler investigates 
differential equations and elliptic integrals. The third section is devoted to dif-
ferential equations involving higher-order differentials and transcendental func-
tions. The second volume is divided into two sections. The first section is devoted 
to the integration of second-order ordinary differential equations. The second 
section deals with differential equations of third and higher order. The third vol-
ume consists of two parts along with an appendix and a supplementum. The first 
two parts deal with partial differential equations. The appendix is devoted to the 
calculus variations. In the supplementum, Euler discusses some particular differ-
ential equations” (Ferraro, pp. 76-78). ABPC/RBH lists only one complete copy 
since the Norman sale; the Norman copy realised $10,350 in 1998.

“By 1766 the Saint Petersburg Imperial Academy agreed to print two multi-vol-
ume writings by Euler, and in the next year a third, all of them composed in 
Berlin. Two were his monumental Institutionum calculi integralis (Foundations 
of integral calculus) and his Dioptricae (Dioptrics, or general theory of lenses) … 
On 7 August 1766, at the first conference that he attended upon his return to the 
Petersburg Imperial Academy, Euler submitted the entire text for his Institutio-
num calculi integralis on ordinary and partial differential equations. Since 1759 

he had searched fruitlessly in German lands for a copy editor and printer for the 
manuscript; he recognised that for any press printing this book would be difficult. 
By December 1763, the manuscript of the text had been completed … Although 
originally projected to require two volumes, the text contained so many emenda-
tions since 1759 that three volumes were now necessary. The title page lists Euler 
as vice director of the Imperial Academy as well as a member of the Paris Acad-
emy and the Royal Society of London. In December 1767 Lagrange expressed 
delight that the Imperial Academy had agreed to have Euler’s Institutionum calculi 
integralis printed and called it a ‘true service’ to scholars in the sciences.

“Between 1768 and 1770, the academic press published the three volumes in 
quarto of the Institutionum calculi integralis … they contained most elementary 
solutions of differential equations and all basic cases of integrability. The Institu-
tionum calculi integralis was a novel work offering a comprehensive catalogue of 
solutions to partial and ordinary differential equations by an evolving concept of 
elementary functions and by power series … In his Introductio Euler had already 
given the general theory of algebraic and elementary transcendental functions; he 
represented functions by a single analytical expression composed of variables and 
constants. Before him there had been few methods of solution and few applica-
tions. He refined, simplified, and extended each of these and added hundreds of 
innovations in the theories of those equations that are particularly helpful in their 
application to mechanics” (Calinger, pp. 457-459).

“Euler defined integration as anti-differentiation, in other words, he regarded in-
tegration as the inverse operation of differentiation by which one returned from 
the differential to the function generating the differential. This definition is rather 
problematic. First, Euler did not provide any proof of the existence of the an-
ti-differential of a given function. Second, Eulerian functions consisted only of 
elementary functions [algebraic, exponential and logarithmic, trigonometric] 
and their composition … Euler was aware that many simple functions could not 
be integrated by means of elementary functions. He tackled the question in the 
introduction to Institutionum calculi integralis, where he compared integration 
with inverse arithmetical operations. He stated that analytical operations are al-
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ways opposed in pairs. In the same way as addition is opposed to subtraction, 
multiplication to division, or the raising to a power to the extraction of a root, 
differentiation and integration are also opposed. In certain cases, the inverse op-
erations of subtraction, division and extraction of roots led to new ‘quantities’, 
namely negative, rational and irrational numbers. Similarly, integration was not 
always successful in finding the function generating the differential. In such cases, 
integration led to new transcendental ‘quantities’” (Ferrero, p. 80). 

Leibniz and Newton had introduced integration as the problem of the finding 
areas, by adding infinitely many infinitesimal rectangles. “According to Euler, the 
concept of the integral as the sum of an infinite number of infinitesimals was 
similar to the concept of lines as aggregates of infinitely-many points. Both could 
be admitted (or, better, tolerated), as long as there was reference to the true prin-
ciples of the calculus and geometry. In other words, it was possible to take into 
account non-null infinitesimals, but it constituted only an imprecise and approx-
imate version of the notion of integral, which nevertheless had useful applica-
tions” (ibid., pp. 80-81). The proper resolution of this problem was only found in 
the next century.

“Volume I of the Institutionum calculi integralis consists of an introduction de-
scribing the general nature of integral calculus, followed by three sections that 
comprise what might be termed 10 chapters. Each chapter is the elaboration of 
several problems with solutions and several corollaries with proofs. The first sec-
tion integrates elementary functions, especially the transcendental logarithmic, 
exponential, and trigonometric, and examines expansion by infinite products. 
The second section covers the integration of second-order differential equations 
via multipliers, approximations, and infinite series. [In the third section use is 
made of a new variable, p = dy/dx, in solving some more difficult first order dif-
ferential equations.] 

“Chapter 6 in the second section of volume I dealt with elliptic integrals, and here 
Euler was extending the work of Count Giulio Carlo de’ Toschi di Fagnano. Like 
Fagnano, he emphasized the relations between integrals and algebraic results. Of 
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the elliptic integrals, the arc lengths of the ellipse, hyperbola, and lemniscates 
gave the typical cases … Perhaps he alone saw here the germ of an entirely new 
branch of analysis” (Calinger, pp. 457-460).

“Euler termed the integral of a differential equation containing an adequate num-
ber of arbitrary constants a complete integral. He gave the name particular inte-
gral to a relation between the variables that satisfies the equations and that does 
not contain any new constant quantity. Euler observed that the complete integral 
yields infinitely-many particular integrals, however there were particular inte-
grals that are not contained in the complete integral [now called singular inte-
grals] … Euler provided a criterion to distinguish the singular solution from a 
particular integral without knowledge of the complete integral” (Ferrero, p. 89). 

“The second volume was divided into two parts. The first treated ordinary dif-
ferential equations of second order, and the second part differential equations 
of third and higher orders, their construction by the quadrature of curves, and 
elliptic integrals. After receiving the two volumes, the first from the printer and 
the second from Formey [Samuel Formey, secretary of the Berlin Academy], La-
grange lauded Euler’s research as erudite, ingenious, and – as always – fruitful” 
(Calinger, p. 460).

“In the third volume, Euler dealt with the integration of functions of two vari-
ables. In 1765 he had stated that the integration of a function of two variables is 
a new and little developed field of the integral calculus, which differs very much 
from the common integral calculus, where functions of only one variable occur” 
(Ferraro, p. 96). Euler noted that when one integrates a function of two variables 
with respect to one of the variables, the result involves an arbitrary function, rath-
er than the arbitrary constant that occurs when integrating functions of one vari-
able. “According to Euler, it was not necessary that [the arbitrary function] was 
one of the functions accepted in analysis, which were given by means of a single 
analytical expression. Instead, it could be thought of as the ordinate of a curve 
which could be traced by a free stroke of the hand or composed of more than one 
continuous curve. Therefore Euler termed these quantities as discontinuous func-

tions. In opposition, functions composed by only one analytical formula were 
termed continuous functions. In this way the notion of discontinuity, which had 
previously been considered [in the Introductio] only in reference to curves, was 
extended to functions” (ibid.). 

“A seven-chapter Appendix to volume III refines what Euler called a new branch 
of integral calculus, the calculus of variations, following the analytic methods of 
Lagrange, whom he called the creator of this field. For it Euler offered a higher de-
gree of perfection of its methods and computations” (Calinger, p. 460). Euler had 
treated the calculus of variations in his Methodus inveniendi lineas curvas maximi 
minive proprietate gaudentes (1744), prior to the publication of his calculus tril-
ogy. Euler’s derivation in the Methodus inveniendi of the fundamental equation 
of the calculus of variations, or Euler equation as we know it today, was based on 
polygonal approximations and was not completely adequate, as he himself real-
ized. After receiving a letter from Lagrange in 1755 showing him a better method 
for deriving the equation, Euler asked his colleague to present the method to the 
Berlin academy and to further develop the field. Euler presented Lagrange’s ap-
proach in the Appendix.

“The Integral Calculus, the Differential Calculus and the first part of the Intro-
ductio are texts in pure analysis, so much so that Euler does not even deal with 
applications to geometry, let alone physics. This is, perhaps, especially surprising 
in the Integral Calculus since the original motivation for the solution of differ-
ential equations came from physical questions, questions that in fact led Euler 
to some of these methods of solution in the 1730s and 1740s … in the Integral 
Calculus there is no mention of the vibrating string problem or various other vi-
bration problems that had led Euler to ‘invent’ the trigonometric functions in the 
1730s, nor is there any calculation of areas nor any material on lengths of curves, 
or volumes, or surface areas of solids. And then, although Euler presented an 
extraordinary number of methods to find anti-derivatives, the central technique 
of modern texts for determining areas, the fundamental theorem of calculus, did 
not appear. That is not to say that Euler did not know how to calculate areas us-
ing anti-derivatives. Euler in fact did so in various papers. But since geometrical 
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ideas are not present in the calculus texts, there is no definition of the area under 
a curve as a function, and therefore no call for the derivative of such a function. 
And until an independent definition of area could be provided, as Cauchy did in 
the 1820s, this fundamental relationship between derivatives and integrals, dis-
covered by Newton and Leibniz, could not be ‘fundamental.’

“It appears that, with the exception of the second part of the Introductio, which 
was filled with graphs, Euler had an abiding belief that ‘pure mathematics’ had 
no need of diagrams. One could understand everything that was needed by pure 
manipulation of symbols according to the rules that he and others developed … 
Euler seemed further to believe, like Euclid two thousand years earlier, that it was 
unnecessary to help students learn analysis by showing them the motivations for 
the various techniques … That is not to say that Euler was not a good pedagogue. 
He was very patient with his readers, frequently explaining every step in an argu-
ment while also demonstrating the same result in several ways. And he certainly 
used motivations from the sciences in many of his other papers …

“The techniques that Euler developed to determine derivatives and integrals con-
tinued to appear in other texts, but his use of infinitesimals as a basis for the 
calculus was gradually replaced by the idea of a limit, beginning with the ideas 
of Jean d’Alembert as expressed in his articles in the French Encyclopédie” (Katz, 
pp. 231-232).

A second edition, in four volumes, was issued by the same publisher in 1792-94, 
and a third, also in four volumes, in 1824-45.

Eneström 342, 366, & 385; Norman 734; Poggendorff I, 690; Roller-Goodman I, 
374; Sotheran 1252. Calinger, Leonhard Euler, 2016. Ferraro, ‘Euler’s treatises on 
infinitesimal analysis,’ pp. 39-101 in: Euler reconsidered (Baker, ed.), 2007. Katz, 
‘Euler’s analysis textbooks,’ pp. 213-234 in: Leonhard Euler: Life, Work and Legacy 
(Bradley & Sandifer, eds.). 2007. Vellando, ‘… and so Euler discovered Differen-
tial Equations,’ Foundations of Science 24 (2009), pp. 343-374.
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THE GREATEST ITALIAN ANATOMY 
OF THE 16TH CENTURY
FALLOPPIO, Gabrielle. Observationes anatomicae. Venice: Marco Antonio 
Ulmo and Gratioso Perchachino, 1561.

$60,000

8vo (155 x 100 mm), ff. [viii], 222, [2, the last blank], printer’s woodcut devices on 
title and at end. Contemporary vellum with yapped edges, upper and lower edges 
blind ruled, author’s name in manuscript to top edge of text block.

First edition, first issue, very rare, of the greatest Italian anatomical book of the 
sixteenth century, a detailed critical commentary on Vesalius’ De humani corporis 
fabrica. This is a pristine copy in an untouched contemporary binding. “The large 
amount of new material [in the present work] included Falloppio’s investigations 
of primary and secondary centers of ossification, the first clear description of pri-
mary dentition, numerous contributions to the study of the muscles (especially 
those of the head), and the famous account of the uterine (“Falloppian”) tubes, 
which he correctly described as resembling small trumpets (tubae). He also gave 
to the placenta and vagina their present scientific names, provided a superior 
description of the auditory apparatus (including the first clear accounts of the 
chorda tympani and semicircular canals), and was the first to clearly distinguish 
the trochlear nerve of the eye. Vesalius responded positively to Falloppio’s work 
with his posthumously published Examen on Falloppio (1564)” (Norman). “He 
was a careful dissector, a great observer, and an accurate recorder. He discov-
ered and first described the chorda tympani and semicircular canals, correctly 
described the structure and course of the cerebral vessels, knew the circular folds 
of the small intestines. He enumerated all the nerves of the eye, and introduced a 
number of anatomical names. He is eponymously remembered by the Fallopian 
tube and the Fallopian aqueduct” (Garrison-Morton). ABPC/RBH record only 
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five copies sold in the last 40 years, of which only the Norman copy was in an 
untouched contemporary binding (Christie’s, March 18, 1998, $21,850). 

“Of the various works by and attributed to Falloppio only the Observations an-
atomicae (1561) was published during his lifetime and can be said with certain-
ty to be fully authentic. It is not, however, a general and systematic textbook of 
anatomy but an unillustrated commentary or series of observations on the De 
humani corporis fabrica of Vesalius, in which Falloppio sought to correct errors 
committed by his illustrious predecessor and to present new material hitherto 
overlooked. His criticism, contrary to a characteristic of that age, is temperate and 
friendly, so that it is not uncommon to find the object of the criticism referred to 
as the “divine Vesalius,” upon whose scientific foundations Falloppio, as a worthy 
successor, was willing to admit that he had based his own work. Since the Obser-
vationes anatomicae is not an all-inclusive study of anatomy, it never received the 
popular acclaim given, for example, to the De re anatomica (1559) of Colombo. It 
is, nevertheless, a work of greater originality.

“Falloppio’s investigations were the consequence of dissection not only of adult 
human bodies but also of fetuses, newborn infants, and children “up to the first 
seven months, and in several beyond” (fol. 17v). He was thus able to make a num-
ber of observations and contributions to knowledge of primary and secondary 
centers of ossification. His most notable contributions of this nature were his de-
scriptions of the ossification of the occiput (fols. 21r ff.), of the sternum (fols. 5l 
r-52v), and of the primary centers of the innominate bone (fols. 59r-60r). In his 
studies of the teeth Falloppio provided for the first time a clear description of 
primary dentition, the follicle of the tooth bud, and the manner of growth and 
replacement of the primary by the secondary tooth, as well as the first denial of 
the belief that teeth and bones are derived from the same tissues (fols. 39r-42v). 
Falloppio’s description of the auditory apparatus was superior to that of Vesalius 
and includes the first clear account of the round and oval windows, the cochlea, 
the semicircular canals, and the scala vestibuli and tympani (fols. 27r-30v). He 
also referred to the third ossicle of the ear, the stapes, actually already mentioned 
in print (Pedro Jimeno, 1549), but he declared that it had been first described 

orally in lectures by Giovanni Filippo Ingrassia during a visit to Rome in 1546 
(fols. 25r-27r).

“Not the least important of Falloppio’s contributions were those dealing with the 
muscles, among which were his relatively detailed account of the subcutaneous 
muscles of the scalp and face (fols. 62r-v, 63u-64r, 66u-68r) and his first descrip-
tion of the arrangement of the extrinsic muscles of the ear (fols. 62v-63r). In his 
investigation of the muscles of the head and neck he discovered and described 
the external pterygoid muscle (fol. 72v), analyzed the functions of the muscles 
of mastication (fols. 71 -73r), described the tensor and levaror veli palati (fols. 
76u-77r), and redescribed with greater clarity some of the intrinsic muscles of the 
larynx (fols. 77u-79r). His greatest contribution to the study of the muscles of the 
head, however, was his account of the arrangement and functions of the muscles 
of the orbit (fols. 64r-66u, 68r-71 u). For the first time, he described the levator 
palpebrae, even though this honor was later to be claimed by Giulio Cesare Aranzi 
(1587). He observed the nictitating membrane of mammals, first described by 
Aristotle and thereafter seemingly disregarded. He recognized the compound ac-
tion of the oblique muscles, and he was the first to describe and provide the name 
for the trochlea of the superior oblique muscle. In addition to further, lesser con-
tributions to the study of the muscles of the trunk, he added notably to knowledge 
of the intrinsic muscles of the hand and of their action (fols. 101v-108v), separat-
ed the adductor mass of the thigh into its three elements, and noted the quadratus 
femoris (fol. 101v), which had been previously overlooked.

“In considering the vascular system, Falloppio denied the long-held belief that 
the walls of the vessels were composed of fibers which by their direction con-
trolled the flow of blood (fol. 114v). Curiously enough, however, he denied the 
existence of the venous valves (fol. 1 18v), which were actually known as early as 
1546 and described by Vesalius (1555), and he failed to refer to the description of 
the pulmonary transit of the blood provided in detail by Colombo (1559). He did, 
on the other hand, give the first relatively adequate account of the distribution 
of the carotid arteries and of the cerebral circulation (fols. 121v-126r). He made 
a major contribution to knowledge of the nervous system through his clear dis-
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tinction and description of the trochlear nerve (hitherto known only through the 
briefest mention by Alessandro Achillini [1520]); he traced it to its origin in the 
brain stem, demonstrated its exclusive termination in the superior oblique mus-
cle of the eye, and satisfied himself beyond any doubt that this nerve was an entity 
deserving separate classification, and that it was “reflected on a cartilaginous pul-
ley, and it turns the eye inwards” (fols. 155r-156r). Unwilling to upset the classic 
number (seven) and arrangement of the cranial nerves, he increased that number 
only to eight, although in fact he recognized eleven of the twelve cranial nerves.

“Falloppio’s most important contribution to urology is his account of the kidneys, 
although it is always difficult to determine whether the priority is properly that 
of Falloppio or of his contemporary Bartolomeo Eustachi. With this understood, 
attention may be called to what seems to have been the earliest account of a case 
of bilateral duplication of the ureter and renal vessels: “Here at Padua I have ob-
served and pointed out to my spectators double urinary passages and double si-
nuses in the middle of each human kidney, as well as many other things departing 
from the normal” (fols. 179v-180r). Failoppio seems, moreover, to have been the 
first to observe the straight tubules (fol. 180r-v) that are, however, eponymously 
named from Bellini’s more detailed description of 1662. and he noted the mul-
tiple calyxes of the human kidney (fols. 180v-181r). It was in the course of these 
remarks on the kidney that Falloppio criticized Vesalius for describing and illus-
trating in the Fabrica (1543) the unipapillary kidney of the dog instead of that of 
man—although he readily recognized Vesalius’ need to use the less fatty kidney of 
the dog in order to permit a better illustration of that organ’s structure. Falloppio 
further proposed the comparison of the renal papillae to small stills distilling off 
the urine from the blood (fols. 181v-l82r). He also first described the three mus-
cle coats of the urinary bladder: “It possesses three tunics, as do the stomach and 
intestines”; and the bladder’s internal sphincter “formed by nature to contain the 
urine and prevent its being strained out” (fol. 182r).

“Falloppio’s name is perhaps most closely associated with his description of the 
uterine or fallopian tubes, which in fact he described correctly as resembling 
small trumpets: “[The extremity] resembles the bell of a brass trumpet, wherefore 
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the seminal passage, with or without its windings, resembles a kind of trumpet” 
(fol. 197r). Owing, however, to incorrect interpretation of Falloppio’s word tuba, 
some of the descriptive meaning has been lost in English. His description of the 
uterine tubes is sufficiently accurate in detail to justify their bearing his name; he 
furthermore described the clitoris (fol. 193r-v), asserted the existence of the hy-
men in virgins, a matter long under dispute (fol. 194r), coined the word ‘vagina’ 
(192r) for what had previously been called the cervix or neck of the uterus, and 
disproved the popular notion that the penis entered the uterus during coition (fol. 
192v). He described certain vesicle-like structures filled with an aqueous fluid 
and others with a yellow humor (fol. 195u)—these may represent Graafian folli-
cles or possibly a corpus luteum, and Falloppio’s would therefore be the second 
mention of these structures after a somewhat similar account by Vesalius (1555).

“Gabriele Falloppio (1523? - 1562), son of Geronimo and Caterina Falloppio, was 
first educated in the classics, but after the death of his father and ensuing financial 
difficulties, he was directed towards a career in the church. With improvement in 
the family’s finances he turned to medicine, studying in Modena under Niccolo 
Machella and, according to the records, dissecting a body for his teacher in De-
cember 1544. Although still a student, but perhaps in need of funds, Falloppio 
began the practice of surgery but displayed so little aptitude for that subject—as 
demonstrated by the fatal outcome of a number of his cases—that he soon there-
after abandoned it and returned wholly to the study of medicine. There is a possi-
bility that he spent some time at Padua under Giambattista da Monte and Matteo 
Realdo Colombo, the successor of Vesalius; and it can be stated with certainty that 
he studied for a period, about 1548, in Ferrara under the direction of “my teacher” 
Antonio Musa Brasavola and Giambattista Canano.

“Falloppio was appointed to the chair of pharmacy in Ferrara and in 1549 accept-
ed the chair of anatomy at the University of Pisa, where he was wrongfully ac-
cused of practicing human vivisection. During this period he spent some time in 
Florence dissecting the bodies of lions in the Medici zoo and thereby disproving 
Aristotle’s statement that the bones of lions are wholly solid and without marrow. 
Despite the charges against him, he was offered and accepted the famous chair of 

anatomy at Padua as a successor to Colombo. He took up his duties toward the 
end of 1551 and lectured and demonstrated with such success as to attract a num-
ber of later to be distinguished students, including the comparative anatomist 
Volcher Coiter. Falloppio was fully appreciated by the university’s authorities; he 
was regularly reappointed to the chair of anatomy until advancing pulmonary 
tuberculosis first limited his activities and finally killed him” (DSB).

“Falloppio was a poor man and published this book at his own expense” (Heirs of 
Hippocrates). This first edition was followed by a second in 1562 which was issued 
in Cologne, Paris and Venice. The Venice issue was made up of the sheets from 
the first printing but with a new title-page and the errata corrected; the Cologne 
and Paris printings were reset.

Censimento 16 CNCE 18526; Durling 1440; Eimas 331; Norman 757; Lilly, Nota-
ble Medical Books 39; Heirs of Hippocrates 331; Garrison-Morton 1208; Osler 593; 
Waller 2935; not in Wellcome, which has only the 1562 edition.
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FEYNMAN’S RARE LECTURE NOTES ON 
MESON THEORY FROM THE LIBRARY OF 
A FELLOW NOBEL LAUREATE
FEYNMAN, Richard P. High Energy Phenomena and Meson Theories. Notes of 
lectures given by Professor Richard P. Feynman at the California Institute of Tech-
nology, Pasadena, California, January - March, 1951. Prepared by Carl W. Hel-
strom, Malvin A. Ruderman, and William Karzas. [Not published: California In-
stitute of Technology, Pasadena, CA, 1951].

$18,500

Mimeographed notes, printed on recto only, 4to (264 x 190 mm), pp. [168], numer-
ous mathematical formulas and diagrams in text. Original printed wrappers.

First and only edition, extremely rare, of the mimeographed notes of Feynman’s 
lecture course on meson theory, delivered in his first year (January-March 1951) 
as a professor at Caltech. This is an exceptional copy, owned by Nobel laureate 
Yoichiro Nambu, one of the greatest theoretical physicists of the latter half of the 
20th-century. Feynman became interested in meson theory while he was still 
perfecting his understanding of quantum electrodynamics (QED). In fact, Feyn-
man closed his famous paper ‘Space-time approach to quantum electrodynamics’ 
(Physical Review 76 (1949), 769-789) with a final section ‘Application to Meson 
Theories.’ “The theories which have been developed to describe mesons and the 
interaction of nucleons,” Feynman began, “can easily expressed in the language 
used here.” Yet there was a major difference between QED and meson theories. 
“Not only were many of the experiments inconclusive, but the interactions be-
tween particles were generally so strong that the systematic effort to use Feynman 
diagrams to calculate small quantum corrections to processes seemed misplaced. 
[Feynman] wrote to Enrico Fermi from Brazil [December 19, 1951]: ‘Don’t be-
lieve any calculation in meson theory which uses a Feynman diagram!’ Elsewhere 
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he referred to the field of meson physics by saying, ‘Perhaps there weren’t enough 
clues for even a human mind to figure out what is the pattern’” (Krauss, p. 169). 
But the details of Feynman’s ideas in this area had remained unpublished (see 
below) – these notes are thus a key historical record of Feynman’s work on me-
son theory. Appearing twelve years before his famous three-volume Lectures on 
Physics, these particular notes were never published again, either separately or as 
part of his Selected Papers. They were probably produced in very small numbers 
for the graduate students and fellow faculty members who attended this advanced 
course. This copy appears to be a variant issue, without page numbers and run-
ning titles, and with two leaves of corrections loosely inserted that we have not 
seen, or seen described, in any other copy. OCLC locates copies at Caltech, Stan-
ford and UCLA only.

Provenance: Yoichiro Nambu (1921-2015), Japanese-American physicist, who 
was awarded one-half of the 2008 Nobel Prize in Physics “for the discovery of the 
mechanism of spontaneous broken symmetry in subatomic physics” (initials to 
upper wrapper). Nambu studied and worked in Japan until 1952, when he was 
invited by the Institute for Advanced Study at Princeton. He moved to the Uni-
versity of Chicago two years later, where he remained for the rest of his career.

At the end of the 1940s, physics was undergoing an extraordinary period of tur-
moil. “Newly discovered elementary particles, mesons and the like, were prolif-
erating madly in the newly built particle accelerators. The elementary particle 
physics zoo was becoming embarrassingly crowded, so crowded in fact that it 
wasn’t clear which of the new blips on chart recorders and new tracks in bubble 
chambers might really represent new elementary particles and which were simply 
rearrangements of existing ones” (Krauss, p. 169). The most important of these 
new particles were the mesons, and it was actually in the study of a problem in 
meson theory that Feynman became convinced that his own methods were cor-
rect and represented a real advance.

The story is related by Schweber (pp. 454-6). At the January 1949 meeting of the 
American Physical Society in New York, Murray Slotnick, a student of Heitler 

and Bethe, gave a talk in which he described his calculation, in a so-called pseu-
doscalar meson theory, of the interaction between a neutron and the electrostatic 
field of an electron. Oppenheimer, who was in the audience, claimed that Slot-
nick’s results must be wrong, as they contradicted a theorem of Case, a postdoc 
at the Institute for Advanced Study. “When Feynman arrived in New York that 
evening, he was told what had happened at the session. He received a report on 
the calculations of Slotnick, the ‘numbers’ he had obtained after long and labo-
rious computations and Oppenheimer’s slashing criticism. He was then asked to 
comment on the validity of Slotnick’s results in the light of ‘Case’s theorem’. Feyn-
man had not heard of this theorem. In fact, up to that point he had not interested 
himself in meson-theoretic calculations at all. However, between the results of 
a person who had calculated ‘numbers’ and those of a formalist, the choice was 
clear. To corroborate his hunch that Slotnick was right, he got someone to explain 
to him what was meant by pure charged and symmetric meson theory, by pseu-
doscalar and pseudovector coupling, and he readily translated this information 
into the rules to compute the relevant matrix elements using his methods. He 
spent a few hours that evening calculating the difference between the proton and 
neutron electric form factor in various meson theories with both pseudoscalar 
and pseudovector couplings. The next morning he got a hold of Slotnick in order 
to compare his results with those that Slotnick had obtained, ‘because he wasn’t 
quite sure that he had transcribed properly the usual formulation of meson the-
ories into his rules.’ When they compared their calculations, Slotnick had asked 
him the meaning of the q2 in Feynman’s formulas. Feynman answered that it was 
the momentum transferred by the electron in the scattering. Feynman had calcu-
lated the full vertex function for arbitrary momentum transfer. ‘Oh,’ said Slotnick, 
‘my results are only for q2 = 0.’ ‘That’s OK,’ Feynman indicated, ‘I can readily take 
the q2 = 0 limit,’ which he proceeded to do and then compared his answer with 
Slotnick’s. They agreed. Slotnick was flabbergasted. He had spent close to two 
years on the problem and over six months on a calculation that took Feynman 
one evening … Feynman was excited:

‘This is when I really knew I had something. I didn’t really know I had something 
so wonderful as when this happened … That was the moment that I really knew 
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I had to publish – that I had gotten ahead of the world … That was the moment 
when I got my Nobel Prize when Slotnick told me that he had been working two 
years. When I got the real prize it was really nothing, because I already knew I was 
a success. That was an exciting moment.’

“After Case gave his paper, Feynman got up and commented: ‘But what about 
Slotnick’s calculation? Your theorem must be wrong because a simple calculation 
shows that it’s correct. I checked Slotnick’s calculation and I agree with it.’

“He was of course turning the tables on Oppenheimer for his arrogant dismissal 
of Slotnick’s calculations. ‘I had fun with that,’ Feynman admits …

“The other dividend from the Slotnick episode was that Feynman learned the 
different kinds of meson theories and formulated the rules for calculating with 
them. In less than two months, during the spring of 1949, he recalculated … all 
the meson-theoretic calculations that had ever been performed up to that time 
– and many more. These efforts were summarized in the concluding paragraph 
of his ‘Space-time approach to quantum electrodynamics’ [Physical Review 76 
(1949), 769-789]: ‘Calculations are very easily carried out to lowest order in [the 
coupling constant]] for the various theories for nucleon interaction, scattering 
of mesons by nucleons, meson production by nuclear collisions and by gamma 
rays, nuclear magnetic moments, neutron-electron scatterings, etc.’.” But Feyn-
man gave no details of these calculations in the published article.

There was a major difference between QED and meson theories. “Most of the new 
particles [e.g., mesons] interacted strongly, unlike the weak electrodynamic inter-
action. If theorists tried to treat interactions among, for example, pions [a type of 
mesons] and protons in the same way as they treated electron-photon scattering, 
with a long series of more and more complicated Feynman diagrams, each con-
taining more and more vertices, then each higher-order diagram would include 
extra factors of the large [coupling constant]. In contrast with the situation in 
QED, then, these complicated diagrams, with many vertices and hence many fac-
tors of [the coupling constant], would overwhelm the lowest-order, more basic 
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contributions. Perturbative approaches seemed impossible within meson physics.

“If there could be no reliable perturbative expansions for mesonic calculations, 
then what place could there be for Feynman’s diagrams, which had been intro-
duced for the sole purpose of simplifying perturbative calculations? As it turned 
out, there would be plenty of room for them. In fact, more than half of the dia-
grammatic articles published in the Physical Review between 1949 and 1954 ap-
plied Feynman diagrams in one way or another to problems in meson physics, 
including the first four diagram-filled papers published after Dyson’s and Feyn-
man’s own” (Kaiser, p. 58).

Feynman described his work on mesons in an interview with Charles Weiner at 
the AIP Center for the History of Physics (June 26, 1966): “I had work in trying 
to understand mesons, much of which is not published … I had done a lot of 
stuff after the electrodynamics on meson theory, to try to avoid the perturbation 
approximation and so on … I invented a number of methods to avoid pertur-
bation theory, using the path integrals and operator calculus” (aip.org/history/
ohilist/5020_4.html). These are the methods described in the present lecture 
notes. They make only limited use of Feynman diagrams. Indeed, Feynman wrote 
to Enrico Fermi from Brazil in December 19, 1951: “Don’t believe any calculation 
in meson theory which uses a Feynman diagram!” Elsewhere he referred to the 
field of meson physics by saying, “Perhaps there weren’t enough clues for even a 
human mind to figure out what is the pattern” (Krauss, p. 169).

Soon after delivering the present lecture course, Feynman’s interests turned in a 
new intellectual direction, towards the problem of superfluidity.

These lecture notes were recorded and printed by three Caltech graduate stu-
dents: Carl W. Helstrom, who became one of the pioneers of quantum infor-
mation theory; Malvin A Ruderman, who is today on the faculty of Columbia 
University, where he specializes in “collapsed objects in astrophysics, especially 
neutron stars” (Columbia faculty bio); and William Karzas, who went on to work 
with Murray Gell-Mann at the RAND Corporation.

This is an extraordinary copy of Feynman’s lecture notes, owned by another (fu-
ture) Nobel Prize winner. “Yoichiro Nambu was one of the most influential theo-
retical physicists of the twentieth century. His deep and unexpected insights often 
took years for others to understand and fully appreciate. They include: sponta-
neous symmetry breaking, for which he was awarded half of the 2008 Nobel Prize 
in Physics; the theory of quarks and gluons; and string theory. Modern particle 
theory is defined by its accomplishments, largely embodied in the standard model 
of the strong, weak and electromagnetic interactions, and by its aspirations – a 
theory that unifies all the forces and particles. Nambu’s contributions to symme-
try breaking and the theory of quarks form the foundation of the standard model, 
and string theory is the most promising approach to a theory of everything.

“Nambu, who died of a heart attack on 5 July 2015 in Osaka, Japan, was born 
in Tokyo in 1921. It was the year that Yoshio Nishina visited Copenhagen and 
brought back quantum theory to Kyoto, Japan’s first foray into modern physics. 
The ‘Copenhagen in Kyoto’ school included Hideki Yukawa, who won the 1949 
Nobel prize for his prediction of the existence of mesons, and Sin-Itiro Tomona-
ga, who shared the 1965 Nobel prize for his work in quantum electrodynamics …

“Nambu attended the University of Tokyo, graduating with a master’s degree in 
physics in 1942. His studies were interrupted by the Second World War. In the 
army he dug trenches and worked on the Japanese radar project, but his mind was 
on fundamental physics. In 1945, he married his assistant, Chieko Hida.

“Under difficult post-war circumstances, always hungry and living in his office 
at the University of Tokyo, Nambu finished his PhD in 1952. Although his de-
partment’s research focus was condensed-matter physics, Nambu was drawn to 
nuclear and particle physics and he attended seminars on these topics by Nishina, 
Tomonaga and Yukawa at the nearby Tokyo University of Education.

“In 1950, Tomonaga recommended Nambu for a faculty position at Osaka City 
University, where he wrote two remarkable papers. He derived the now-famous 
Bethe–Salpeter equation that describes the quantum theory of how particles bind 
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together. And he proposed how the newly discovered ‘strange’ particles were pro-
duced. Each paper pre-dated by a year its more well-known counterpart written 
by US physicists.

“Nambu’s big break came in 1952 when, at Tomonaga’s suggestion, he was invited 
by Robert Oppenheimer to the Institute for Advanced Study in Princeton, New 
Jersey. Years later he described that experience as overwhelming – he felt sur-
rounded by people smarter and more aggressive than him. Nonetheless, physicist 
Murph Goldberger thought highly enough of him to invite him to the University 
of Chicago, Illinois, in 1954.

“In particle physics, Chicago was the place to be just after the Second World War. 
Enrico Fermi was the intellectual leader of a physics department that included 
more than ten future Nobel Prize winners. Nambu spent the rest of his academic 
career – more than half a century – at the university’s Enrico Fermi Institute.

“With Giovanni Jona-Lasinio in 1961, Nambu introduced the idea of hidden or 
broken symmetries while trying to understand superconductivity – the resistance-
less flow of electric current at very low temperatures. Mathematical symmetries 
in Maxwell’s theory of electromagnetism are hidden at very low temperatures, as 
is the symmetry between the electromagnetic and weak forces, the hallmark of 
the electroweak theory. The Higgs boson, discovered in 2012 at CERN, Europe’s 
particle-physics laboratory near Geneva, Switzerland, reveals the fact that the 
electroweak symmetry is broken.

“In 1964, George Zweig and Murray Gell-Mann each independently proposed 
the idea of quarks to explain the hundreds of new elementary particles that were 
being discovered at particle accelerators. It took more than 20 years to sort out 
quarks’ properties and how they are held together in triplets and pairs by a ‘colour’ 
force mediated by gluons to form protons, neutrons, mesons and other particles. 
But Nambu and Moo-Young Han put most of it together in 1965. As Gell-Mann 
said: ‘He did this ... while the rest of us were floundering.’ In an attempt to better 
understand the colour force, Nambu went on to co-invent string theory… ‘People 
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don’t understand him, because he is so far-sighted,’ Edward Witten of the Institute 
for Advanced Study once said.

“A downside of being so ahead of the times is that recognitions come slowly. After 
years of hoping, we were ecstatic when he received the Nobel Prize. Nambu could 
not travel to the ceremony in Stockholm, so the Swedish ambassador to the Unit-
ed States came to Chicago to present the modest giant of particle physics with his 
prize at ceremony attended by 200 of his friends and colleagues” (Turner). 

Kaiser, ‘Making tools travel: pedagogy and the transfer of skills in post-war theo-
retical physics,’ in: Pedagogy and the Practice of Science (Kaiser, ed.), 2005. Krauss, 
Quantum Man: Richard Feynman’s Life in Science, 2011. Turner, ‘Yoichiro Namby 
(1921-2015),’ Nature 524 (2015), p. 416. Schweber, QED and the Men Who Made 
It, 1994.



FEYNMAN, Richard P.



GAUSS, Carl Friedrich.

“ESTABLISHED HIS REPUTATION AS A 
SCIENTIFIC GENIUS” (DSB)
GAUSS, Carl Friedrich. Theoria motus corporum coelestium in sectionibus conicis 
solem ambientium. Hamburg: Friedrich Perthes and I.H. Besser, 1809.

$6,500

Large 4to (296 x 236 mm), pp. [i-iii], iv-xi, [1], [1], 2-227, [1, errata], 1-20 (tables) 
and one engraved plate (occasional minor stains). Contemporary calf-backed mar-
bled boards.

First edition of the work which, “with the Disquisitiones [Arithmeticae, 1801], es-
tablished his reputation as a mathematical and scientific genius of the first order” 
(DSB). “The Theoria motus will always be classed among those great works the 
appearance of which forms an epoch in the history of the science to which they 
refer. The processes detailed in it are no less remarkable for originality and com-
pleteness than for the concise and elegant form in which the author has exhibited 
them. Indeed, it may be considered as the textbook from which have been chiefly 
derived those powerful and refined methods of investigation which character-
ize German astronomy and its representatives of the nineteenth century, Bessel, 
Hansen, Struve, Encke, and Gerling … It was forty years before the methods of 
the Theoria motus became the common possession of all astronomers” (Dun-
nington, Carl Friedrich Gauss: Titan of Science (2004), p. 91). “In this work Gauss 
systematically developed the method of orbit calculation from three observations 
he had devised in 1801 to locate the planetoid Ceres, the earliest discovered of the 
‘asteroids,’ which had been spotted and lost by G. Piazzi in January 1801. Gauss 
predicted where the planetoid would be found next, using improved numerical 
methods based on least squares, and a more accurate orbit theory based on ellipse 
rather than the usual circular approximation. Gauss’s calculations, completed in 
1801, enabled the astronomer Heinrich W. M. Olbers to find Ceres in the predict-
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ed position, a remarkable feat that cemented Gauss’ reputation as mathematical 
and scientific genius. Gauss found the reputation his astronomical work gained 
for him so attractive that he decide upon a career in astronomy, becoming di-
rector of the Göttingen Observatory in 1807” (Norman). As well as providing a 
tool for astronomers, Gauss’s method of orbit computation also offered a way of 
reducing inaccuracy of calculations arising from measurement error – the meth-
od of least squares, “the automobile of modern statistical analysis” and the origin 
of “the most famous priority dispute in the history of statistics” (Stigler). The 
French mathematician Adrien-Marie Legendre had published the method of least 
squares, though without justification, in 1805 in his Nouvelles méthodes pour la 
détermination des orbites des comète, but Gauss states in the present work that he 
had the method since 1795.

“On 1 January 1801, Giuseppe Piazzi in Palermo discovered a comet or planet in 
the constellation of Taurus, detectable only telescopically. He observed it through 
11 February, when illness interrupted his observations. He informed three astron-
omers of his discovery, and in May sent his detailed observations to J.J. Lalande in 
Paris, asking that publication be postponed.

“Since the 1770s two astronomers, J.E. Bode of Berlin and Franz Xaver von Zach 
(1754– 1832) of Gotha, had entertained the notion of a missing planet between 
Mars and Jupiter. A numerical series due to J.D. Titius, publicized by Bode in 
1772, gave approximate mean solar distances of the known planets, but predicted 
a planet in this ‘gap’. It received surprising corroboration in 1781 with the discov-
ery of Uranus, a planet whose nearly circular orbit had a radius close to the next 
term after Saturn in the series. In autumn 1800 Zach and other German astrono-
mers formed a society to promote systematic search for the missing planet.

“In spring 1801 the question arose: might Piazzi’s ‘comet’ be the quarry sought? It 
must be re-discovered! From June onward, Zach’s monthly reports in a periodical 
which he published, the Monatliche Correspondenz zur Beförderung der Erd- und 
Himmels-Kunde (hereafter, ‘MC’) gave an ongoing account of the search.

“The July issue reported the efforts of J.C. Burckhardt, in Paris, to put an orbit 
to Piazzi’s observations. Parabolic orbits, Burckhardt found, were unsatisfactory; 
circular orbits could accommodate more of the data. He proposed an approxi-
mate elliptical orbit, but in agreement with P.S. Laplace (1749–1827), held that an 
accurate orbit determination would require more observations.

“Through late summer and autumn, cloudy weather prevented a systemat-
ic search. In the September issue, Zach published Piazzi’s revised observations. 
Gauss, a subscriber to the MC, set about determining an orbit.

“The November issue of the MC contained a review of Piazzi’s memoir on his dis-
covery. Finding parabolic trajectories hopeless, he had derived two circular orbits 
with radii 2.7067 and 2.68626 astronomical units. From the second of these Zach 
computed an ephemeris for November and December. Piazzi named the planet 
Ceres Ferdinandea, thus honoring Sicily’s ruler.

“Zach now received Gauss’s results, and to them devoted his entire report in the 
December issue. Gauss had computed four different elliptical orbits, each based 
on a different trio of observations; the four sets of elements were in near agree-
ment with each other and with the 19 observations Piazzi had considered un-
doubtful. Gauss put the planet in January 1801 about a quadrant past aphelion; 
and assigned it a considerably higher eccentricity than had Burckhardt, so that 
in December 1801 the planet would be 6° or 7° farther east than any of the other 
proposed orbits implied. He gave positions for Ceres at 6-day intervals from 25 
November to 31 December.

“The weather continued unpropitious. As Zach reported in the January 1802 issue 
of the MC, in the early morning hours of 7–8 December he clocked a star very 
close to Gauss’s prediction for Ceres, but bad weather on the following nights 
prevented verification.

“As he reported in the February 1802 issue, early on 1 January Zach discovered 
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the planet some 6°east of its December position, and through January he followed 
its motion, which agreed closely with Gauss’s orbital elements. Wilhelm Olbers 
(1758–1840) also re-discovered the planet, reporting the fact to the newspapers, 
where Gauss read about it. Gauss’s ellipse, exclaimed Zach, was astonishingly 
exact. ‘Without the ingenious efforts and calculations of Dr. Gauss, we should 
probably not have found Ceres again; the greater and more beautiful part of the 
achievement belongs to him’” (Landmark Writings in Western Mathematics 1640-
1940, pp. 317-8).

According to Kepler, the orbit of a celestial body is a conic section with focus 
at the centre of the Sun. To specify its orbit five parameters, or elements, are 
required, namely: two parameters determining the position of the plane of the 
body’s orbit relative to the Earth’s orbit; the relative scale of the orbit; the eccen-
tricity of the orbit or perihelial distance, the shortest distance from the orbit to 
the centre of the Sun; and the relative ‘tilt’ of the main axis of the orbit. In addition 
to these five parameters, a single time when the object was at a particular point 
in the orbit is needed, so that its location at a given time can be computed. Gauss 
had a total of 22 observations made by Piazzi over 41 days. The data from these 
observations consisted of a specific moment in time together with two angles de-
fining the direction in which the object had been seen relative to an astronomical 
system of reference defined by the sphere of fixed stars. In principle, each of these 
observations defined a line in space, starting from the location of Piazzi’s location 
at the moment of observation and directed along the direction defined by the two 
angles. Gauss had to make corrections for various effects such as the rotation of 
the Earth’s axis, the motion of the Earth’s orbit around the sun, and possible errors 
in Piazzi’s observations or in their transcription. Gauss began by determining a 
rough approximation to the unknown orbit, and he then refined it to a higher 
degree of precision. Gauss initially used only three of Piazzi’s 22 observations, 
those from January 1, January 21, and February 11. The observations showed an 
apparent retrograde motion from January 1 to January 11, around which time 
Ceres reversed to a forward motion. Gauss chose one of the unknown distances, 
the one corresponding to the intermediate position of the there observations, as 
the target of his efforts. After obtaining that important value, he determined the 
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distances of the first and third observations, and from those the corresponding 
spatial positions of Ceres. From the spatial positions Gauss calculated a first ap-
proximation of the elements of the orbit. Using this approximate orbital calcula-
tion, he could then revise the initial calculation of the distances to obtain a more 
precise orbit, and so on, until all the values in the calculation became coherent 
with each other and with the three selected observations. Subsequent refinements 
in his calculation adjusted the initial parameters to fit all of Piazzi’s observations 
more smoothly.

Gauss sent a manuscript summarizing his methods in a letter to Olbers dated 6 
August, 1802, just seven months after the discovery of Ceres; it was published 
only seven years later in the September 1809 issue of MC. By this time Gauss had 
so refined his methods of orbit calculation that he writes in the preface to Theoria 
motus that “Scarcely any trace of resemblance remains between the method by 
which the orbit of Ceres was first computed and the form given in this work.”

“In 1809, the bookseller Perthes of Hamburg published Gauss’s Theoria motus cor-
porum coelestium in sectionibus conicis solem ambientium. The book … contains 
the sum of Gauss’s work in theoretical astronomy but it does not always describe 
the actual methods Gauss used in his research. Like Disquisitiones arithmeticae, 
Theoria motus was published in Latin; Gauss had written it in German but had 
to translate it because Perthes thought it would sell better. The subject matter of 
Theoria motus is the determination of the elliptic and hyperbolic orbits of planets 
and comets from a minimum of observations and without any superfluous or 
unfounded assumption … Theoria motus is systematic to the point of being pe-
dantic; it consists of two books, one with preliminary material and one with the 
solution of the general problem. The work is the first rigorous account of Gauss’s 
methods for calculating the orbits of celestial bodies, directly deduced from Ke-
pler’s laws. Up to Gauss’s time, astronomers used ad hoc methods which varied 
from case to case, despite the fact that the theoretical foundations had been clear 
for more than 100 years. Gauss’s essential contribution consisted in a combina-
tion of thorough theoretical knowledge, the unusual algebraic facility with which 
he handled the considerable complications which occur in a direct development 

of these equations, and his practical astronomical experience” (Bühler, Gauss).

“It was Gauss in his Theoria motus who first connected probability theory to the 
method of least squares … The Theoria motus, which was written to explain how 
to calculate planetary positions, came into being because the methods available 
to the astronomers of the eighteenth century were not adequate to determine the 
orbit of the planet Ceres … Against this background it was natural for Gauss to 
concern himself with the problem of how to use redundant observations. It seems 
clear that the more observations available the more accurately will the orbit be 
known. Gauss said on the subject: ‘But in such a case, if it is proposed to aim at 
the greatest precision, we shall take care to collect and employ the greatest pos-
sible number of accurate places. Then, of course, more data will exist than are 
required: but all these data will be liable to errors, however small, so that it will 
generally be impossible to satisfy all perfectly. Now as no reason exists, why, from 
among those data, we should consider any six as absolutely exact, but since we 
must assume, rather, upon the principles of probability, that greater or less errors 
are equally possible in all, promiscuously; since, moreover, generally speaking, 
small errors oftener occur than large ones; it is evident, that an orbit which, while 
it satisfies precisely six data, deviates more or less from the others, must be re-
garded as less consistent with the principles of the calculus of probabilities, than 
one which, at the same time that it differs a little from those six data, presents so 
much the better an agreement with the rest. The investigation of an orbit having, 
strictly speaking, the maximum probability, will depend upon a knowledge of 
the law according to which the probability of errors decreases as the errors in-
crease in magnitude: but that depends upon so many vague and doubtful consid-
erations — physiological included — which cannot be subjected to calculation, 
that it is scarcely, and indeed less than scarcely, possible to assign properly a law 
of this kind, in any case of practical astronomy. Nevertheless, an investigation 
of the connection between this law and the most probable orbit, which we will 
undertake in its utmost generality, is not to be regarded as by any means a barren 
speculation’ (Goldstine, A History of Numerical Analysis from the 16th through the 
19th Century, pp. 212-3). 
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In Section 186 of the present work, “Gauss writes: “Our principle, which we have 
made use of since the year 1795, has lately been published by Legendre in the work 
Nouvelles méthodes pour la détermination des orbites des comètes, Paris, 1806, 
where several other properties of this principle have been explained, which, for 
the sake of brevity, we here omit.”

“The Theoria motus was originally written in German and completed in the au-
tumn of 1806. In July 1806 Gauss had for some weeks at his disposal a copy of 
Legendre’s book before it was sent to Olbers for reviewing. It was not until 1807 
that Gauss finally found a publisher, who, however, required that the manuscript 
should be translated into Latin. Printing began in 1807 and the book was pub-
lished in 1809. Gauss had thus ample time to elaborate on the formulation of the 
relation of his version of the method of least squares to that of Legendre, if he had 
wished so.

“Gauss’s use of the expression “our principle” naturally angered Legendre who 
expressed his feelings in a letter to Gauss dated May 31, 1809. The original is in 
the Gauss archives at Gottingen; it contains the following statement: “It was with 
pleasure that I saw that in the course of your meditations you had hit on the same 
method which I had called Méthode des moindres quarrés in my memoir on com-
ets. The idea for this method did not call for an effort of genius; however, when I 
observe how imperfect and full of difficulties were the methods which had been 
employed previously with the same end in view, especially that of M. La Place, 
which you are justified in attacking, I confess to you that I do attach some value to 
this little find. I will therefore not conceal from you, Sir, that I felt some regret to 
see that in citing my memoir p. 221 you say principium nostrum quojam inde ab 
anno 1795 usi sumus etc. There is no discovery that one cannot claim for oneself 
by saying that one had found the same thing some years previously; but if one 
does not supply the evidence by citing the place where one has published it, this 
assertion becomes pointless and serves only to do a disservice to the true author 
of the discovery.”

“It therefore became important for Gauss to get his claim of having used the 

method of least squares since 1795 corroborated. He wrote to Olbers in 1809 
asking whether Olbers still remembered their discussions in 1803 and 1804 when 
Gauss had explained the method to him. In 1812 he again wrote to Olbers saying 
“Perhaps you will find an opportunity sometime, to attest publicly that I already 
stated the essential ideas to you at our first personal meeting in 1803.” In an 1816 
paper Olbers attested that he remembered being told the basic principle in 1803.

“In 1811 Laplace brought the matter of priority before Gauss, who answered that 
“I have used the method of least squares since the year 1795 and I find in my 
papers, that the month of June 1798 is the time when I reconciled it with the 
principle of the calculus of probabilities.” [In his Théorie analytique des probabil-
ités (1812)] Laplace writes that Legendre was the first to publish the method, but 
that we owe Gauss the justice to observe that he had the same idea several years 
before, that he had used it regularly, and that he had communicated it to several 
astronomers” (Hald, pp. 394-5).

“The heat of the dispute never reached that of the Newton − Leibniz controver-
sy, but it reached dramatic levels nonetheless. Legendre appended a semi-anon-
ymous attack on Gauss to the 1820 version of his Nouvelles méthodes pour la dé-
termination des orbites des comètes, and Gauss solicited reluctant testimony from 
friends that he had told them of the method before 1805. A recent study of this 
and further evidence suggests that, although Gauss may well have been telling the 
truth about his prior use of the method, he was unsuccessful in whatever attempts 
he made to communicate it before 1805. In addition, there is no indication that 
he saw its great general potential before he learned of Legendre’s work. Legendre’s 
1805 appendix, on the other hand, although it fell far short of Gauss’s work in de-
velopment, was a dramatic and clear proclamation of a general method by a man 
who had no doubt about its importance” (Stigler).

Dibner 114n; Norman 879; Sparrow, Milestones of Science 81; PMM 257n. Hald, 
A History of Mathematical Statistics from 1750 to 1930, 1998. Stigler, A History of 
Statistics, 1986 (see pp. 12-15, 55-61 & 145-6).
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INSCRIBED PRESENTATION COPY 
OF HERSCHEL’S SURVEY 
OF THE SOUTHERN SKY
HERSCHEL, John Frederick William, Sir. Results of astronomical observations 
made during the years 1834, 5, 6, 7, 8, at the Cape of Good Hope; being a comple-
tion of a telescopic survey of the whole surface of the visible heavens, commenced in 
1825. London: Smith, Elder & Co., 1847.

$12,500

4to (309 x 247mm), pp. [iv: presentation and half title], xx, 452, [2], [2, ads], with 
lithograph frontispiece and 17 plates, some folding (minor foxing to title, frontispiece 
and plates). Original blind-stamped cloth, gilt-lettered spine (faded as usual, light 
wear at corners and extremities). Preserved in an unusually fine quarter-calf folding 
box.

First edition, inscribed presentation copy, of Herschel’s greatest astronomical 
work, inscribed to the Captain of the ship that brought Herschel and his family 
back from South Africa. This is a monumental survey of the stars of the southern 
hemisphere, a complement to his father’s survey of the northern celestial hemi-
sphere. Herschel devoted five years to the project, which he chose to carry out at 
the Cape of Good Hope. In a suburb south of Cape Town he constructed a 20-foot 
reflecting telescope, with which he methodically explored the night skies. “By 
1838 he had swept the whole of the southern sky, catalogued 1,707 nebulae and 
clusters, and listed 2,102 pairs of binary stars. He carried out star counts, on Wil-
liam Herschel’s plan, of 68,948 stars in 3,000 sky areas … He produced detailed 
sketches and maps of several objects, including the Orion region, the Eta Carinae 
nebula, and the Magellanic Clouds, and extremely accurate drawings of many 
extragalactic and planetary nebulae … Herschel invented a device called an as-
trometer, which enabled him to compare the brightness of stars with an image of 
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the full moon of which he could control the apparent brightness, and thus intro-
duced numerical measurements into stellar photometry” (DSB). “Herschel stands 
almost alone in his attempt to grapple with the dynamical problems presented by 
star-clusters, and his analysis of the Magellanic Clouds was decisive as to the status 
of nebulae” (ODNB). “By the end of 1842 [Herschel] had performed without as-
sistance the computations necessary for the publication [in this work] of his Cape 
observations. In September 1843 the letterpress was ‘fairly begun,’ and after some 
delays the work appeared in 1847, at the cost of the Duke of Northumberland, in a 
large quarto volume, entitled ‘Results of Astronomical Observations made during 
the years 1834–8 at the Cape of Good Hope.’ Besides the catalogues of nebulae 
and double stars, it included profound discussions of various astronomical topics, 
and was enriched with over sixty exquisite engravings. He insisted in it upon the 
connection of sun-spots with the Sun’s rotation, and started the ‘cyclonic theory’ 
of their origin. [Herschel] investigated graphically the distribution of nebulae, 
but fluctuated in his views as to their nature. Regarding them in 1825 as probably 
composed of ‘a self-luminous or phosphorescent substance, gradually subsiding 
into stars and sidereal systems” (Memoirs of the Royal Astronomical Society, vol. 
2, p. 487), he ascribed to them later a stellar constitution, and finally inclined to 
suppose them formed of ‘discrete luminous bodies floating in a non-luminous 
medium’” (ODNB). ABPC/RBH list only three presentation copies.

Provenance: Additional lithograph presentation leaf inserted before the half-title 
reading “Presented by Algernon Duke of Northumberland to” and completed in 
ink by Herschel as follows: “A. Henning Esqr. Lt. R.N. / With the Authors / Kind 
regards / J. F. H. June 5/49.”

“Herschel’s first astronomical paper, on the computation of lunar occultations 
(1822), was published when he was already working in London on systematic 
observations of double stars with James South, the possessor of two excellent re-
fracting telescopes. It had once been thought that a close pair of stars of differing 
magnitudes must result from the accidental near alignment of two similar stars 
at vastly different distances and that any apparent relative motion would be a 
parallactic effect of the motion of the earth around the sun. The pioneer work of 

[John’s father] William Herschel had demonstrated orbital motion of binary stars 
under mutual attraction. John continued the work, re-observing known systems 
and discovering new ones, with detailed study of several cases, notably Gamma 
Virginis, and the development of methods (1833) for the determination of or-
bital elements. For their catalog of 380 double stars (1824) South and Herschel 
received the Lalande Prize of the French Academy in 1825 and the gold medal of 
the Astronomical Society (1826) …

“James South left England and Herschel continued astronomical observations at 
Slough, following his father’s lead in observation of nebulae, clusters, and double 
stars. A monumental catalog of 2,307 nebulae and clusters, 525 being new, was 
issued in 1833. By 1836 he had published six catalogs of double stars, comprising 
3,346 systems …

“Herschel was now nearing forty and had earned almost every possible distinc-
tion in his field. He might well have remained a solitary bachelor but for his friend 
James Grahame, who decided he would be better off married and even picked 
out the girl: Margaret Brodie Stewart, daughter of Dr. Alexander Stewart, a Pres-
byterian divine and Gaelic scholar, who by his two wives had had a large family. 
Maggie, as Herschel was to call her, was good-looking, eighteen years younger 
than Herschel, and possessed an extremely strong character. Grahame threw the 
couple together; they married in 1829, were supremely happy, and had twelve 
children. Maggie followed Herschel everywhere, even to the wilds of Africa, and 
managed all his complex affairs, even to the extent of running a household of sel-
dom less than twenty people when she was still in her early twenties.

“Herschel now conceived the idea of an astronomical expedition to the south-
ern hemisphere, possibly delaying its execution until after his mother’s death in 
1832. The only possible choices of site were South America, Australia, and the 
Cape of Good Hope. The Cape Colony had come under British rule in 1806 as 
a consequence of the Napoleonic Wars. Cape Town had existed as a town since 
1652 and was important as a way station for many ships en route to India. The 
British had established an observatory there for the ‘improvement of astronomy 
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and navigation’ in 1820. As the result of the work of Lacaille in 1751–1753 it had 
an astronomical tradition and also enjoyed the technical advantage of being in the 
same longitude as eastern Europe, so that cooperative observations in the same 
meridian were possible.

“On 13 November 1833 the Mountstuart Elphinstone sailed from Portsmouth 
with the Herschel party—John, Maggie, three children, a mechanic named John 
Stone, and a nurse—on board. They had a twenty-foot telescope and a seven-foot 
equatorially mounted refractor. They landed at Cape Town on 16 January 1834, 
Herschel having happily beguiled the voyage with all kinds of astronomical, 
oceanographical, and meteorological investigations while everyone else was pros-
trated with seasickness. Ten days before they landed, the newly appointed direc-
tor of the Cape Observatory (H.M. astronomer at the Cape), Thomas Maclear, 
had arrived with his family and servant; the two were to enjoy four years of happy 
collaboration.

“Herschel leased at £225 per annum (and subsequently purchased for £3000) 
an eighteen-room house called ‘The Grove,’ which he named ‘Feld-hausen’ by a 
German approximation to its Dutch name, in the suburb of Claremont, south of 
Cape Town. Within six weeks he and John Stone had the reflector erected on a 
spot now marked by a memorial obelisk. By 1838 he had swept the whole of the 
southern sky, cataloged 1,707 nebulae and clusters, and listed 2,102 pairs of bina-
ry stars. He carried out star counts, on William Herschel’s plan, of 68,948 stars in 
3,000 sky areas. Herschel made micrometer measures for separation and position 
angle of many pairs. He produced detailed sketches and maps of several objects, 
including the Orion region, the Eta Carinae nebula, and the Magellanic Clouds, 
and extremely accurate drawings of many extragalactic and planetary nebulae. 
He observed lunar eclipses, and when Eta Carinae, an object whose nature is still 
not understood, underwent a dramatic brightening in December 1837, he record-
ed its behavior in detail. Herschel invented a device called an astrometer, which 
enabled him to compare the brightness of stars with an image of the full moon 
of which he could control the apparent brightness, and thus introduced numer-
ical measurements into stellar photometry. Maclear provided him with accurate 
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star positions, and he assisted Maclear in geodetic and tidal observations. He ob-
served Encke’s and Halley’s comets and experimented with the actinometer and 
with cooking by solar heat.

“Herschel and Maggie and some of the children made several trips into the near-
er parts of the western Cape Colony. He helped promote exploring expeditions 
and galvanized the Cape Philosophical Society. His correspondence was enor-
mous, and virtually everyone of note visited him. He drew pictures of scenery 
and flowers with the camera lucida, and Maggie colored some of the pictures. He 
did enough botany to get his name in the list of species and established systematic 
meteorology in the area. With several local worthies Herschel devised a new edu-
cational system for the Cape Colony, traces of which persist; and, having written 
memoranda from the Cape, lobbied for their acceptance when he reached home. 
He refused official financial aid for the expedition and was able to offer financial 
aid to several of his numerous brothers-in-law. On 11 March 1838 the expedition 
embarked on the Windsor, with Herschel conducting experiments throughout 
the voyage, and landed at London on 15 May 1838.

“The newly created baronet rushed off to Hannover to see his Aunt Caroline, as 
well as Gauss, Olbers, and H. C. Schumacher. He produced numerous papers on 
topics ranging from iron meteors to variable stars to the structure of the eye of the 
shark. Many of these derived from his African experiences, particularly his plan 
for the reform of the nomenclature and boundaries of the constellations, which 
was ready by 1841. Herschel served on committees and commissions, including 
the Royal Commission on Standards (1838–1843), and as lord rector of Marischal 
College, Aberdeen, in 1842. He helped to organize worldwide meteorological and 
magnetic observations, as well as the geomagnetic expedition of James Clark Ross 
to the Antarctic.

“From Herschel’s return from Africa until the mid-1840s two special scientific 
preoccupations stand out: the reduction of the African results and their prepa-
ration for publication, which led to numerous relatively short papers; and the 
researches in photography …

“In 1840 the family moved from Slough to ‘Colingwood,’ a house at Hawkhurst, 
Kent. Herschel was then forty-eight years old and beginning to slow down. Still to 
come were the remaining photographic papers, a great deal of committee work, 
miscellaneous astronomical papers, some investigations of the phenomena of flu-
orescence, and thoughts on such diverse topics as meteorology, metrology (in-
cluding that of the Great Pyramid), and color blindness. The Results from Africa 
appeared in 1847” (DSB).

Norman 1056.
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THE HIGGS BOSON
HIGGS, Peter; ENGLERT, François; BROUT, Robert; GURALNIK, Gerald; 
HAGEN, Carl; KIBBLE, Tom. 1. Broken Symmetries and the Masses of Gauge 
Bosons; 2. Broken Symmetry and the Mass of Gauge Vector Mesons; 3. Global Con-
servation Laws and Massless Particles. New York: The American Physical Society, 
1964.

$8,500

Three vols, 8vo (267 x 199 mm).Original printed wrappers (former owners’ address 
labels on rear covers, No. 20 with some damp-staining to outer edges of rear cover).

First editions of the first published papers to propose the existence of what are 
now known as the ‘Higgs mechanism’ and the ‘Higgs boson’, “the key element of 
the electroweak theory that forms part of the Standard Model of particle physics, 
and of many models, such as the Grand Unified Theory, that go beyond it. All 
three papers introduce a version of the Higgs mechanism, that of Englert & Brout 
being the first to appear, but only Higgs’ paper took the further step of predicting 
the existence of the Higgs boson. In 2013 Englert and Higgs received the Nobel 
Prize in Physics “for the theoretical discovery of a mechanism that contributes to 
our understanding of the origin of mass of subatomic particles, and which was 
recently confirmed through the discovery of the predicted fundamental particle, 
by the ATLAS and CMS experiments at CERN’s Large Hadron Collider” (Brout 
could not be awarded the prize as he had passed away in 2011).

“Particle physicists study matter made from fundamental particles whose inter-
actions are mediated by exchange particles known as force carriers. At the begin-
ning of the 1960s a number of these particles had been discovered or proposed, 
along with theories suggesting how they relate to each other, some of which had 
already been reformulated as field theories in which the objects of study are not 
particles and forces, but quantum fields and their symmetries. However, attempts 
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to unify known fundamental forces such as the electromagnetic force and the 
weak nuclear force were known to be incomplete … Goldstone’s theorem … also 
appeared to rule out many obvious solutions, since it appeared to show that ze-
ro-mass particles would have to exist that were “simply not seen.”

“The Higgs mechanism is a process by which vector bosons can get rest mass with-
out explicitly breaking gauge invariance, as a byproduct of spontaneous symme-
try breaking. The mathematical theory behind spontaneous symmetry breaking 
was initially conceived and published within particle physics by Yoichiro Nambu 
in 1960, the concept that such a mechanism could offer a possible solution for the 
“mass problem” was originally suggested in 1962 by Phillip Anderson, and Abra-
ham Klein and Benjamin Lee showed in March 1964 that Goldstone’s theorem 
could be avoided this way in at least some non-relativistic cases and speculated it 
might be possible in truly relativistic cases. These approaches were quickly devel-
oped into a full relativistic model, independently and almost simultaneously, by 
three groups of physicists: by François Englert and Robert Brout in August 1964; 
by Peter Higgs in October 1964; and by Gerald Guralnik, Carl Hagen and Tom 
Kibble in November 1964.

Higgs’ paper was completed on 31 July 1964 and submitted to Physics Letters; it 
was rejected, “the editor saying ‘If you develop this work and write a longer paper, 
you might consider sending it to Il Nuovo Cimento’. This suggestion carried mixed 
messages, as Il Nuovo Cimento had a reputation at that time for not using referees 
at all. Higgs took the first piece of advice, adding some practical consequenc-
es, which took his ‘extra week’. He added some sentences at the end, alluding to 
the presence of scalar bosons, which together with an equation describing their 
behaviour form the first hints of what has become known as the Higgs boson. 
Feeling that Physics Letters was unreceptive, and dis-favouring Il Nuovo Cimento, 
Higgs then sent this revised paper to Physical Review Letters …

“In another of the coincidences in this tale, the editor of Physical Review Letters 
received Higgs’ manuscript on the very same day that Brout and Englert’s paper 
was published. When Higgs’ paper finally appeared in print, on 19 October, Brout 

and Englert were surprised to see that it included a reference to their own: “He 
couldn’t have seen our paper, so how did he know of it?” Higgs explained: Nam-
bu had been the referee of both papers and “had drawn attention to the work of 
Brout and Englert. I added a remark about their work.” Their researches were 
truly independent …

“There is no dispute that Brout and Englert were first to complete, and first to 
publish. So why is it that Higgs’ name is associated with the massive boson and 
not those of Englert or Brout? The answer is that so far everyone had been ad-
dressing what happened to Goldstone’s massless boson. However, there remained 
the issue of Goldstone’s other massive boson. This is what Higgs had uniquely 
included in his revised paper, the one that appeared in Physical Review Letters” 
(Close, pp. 161-3). “Within the community of particle physicists it is Higgs’ name 
that is freely associated with the “Boson that has been named after [him].” That is 
how it is likely to remain” (Close, p. 168).

Guralnik, Hagen and Kibble, all then at Imperial College, London, had been 
working independently on the same problem as Brout & Englert and Higgs, and 
received copies of their papers just as they were about to send their own paper 
to Physical Review Letters. “Guralnik, Hagen and Kibble’s work was tightly ar-
gued, and contained unique insights towards understanding the depth of these 
new ideas. However, the sad fact was that they had been scooped. They added 
references to those papers into the text, but changed nothing, nor did they add 
anything as a result of what had happened. They sent the manuscript to Physical 
Review Letters, where it was received on 12 October I964 … There is no massive 
‘Higgs boson’ in their paper” (Close, p. 150).

Frank Close, The Infinity Puzzle, 2011.
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THE IMPORTANCE OF WASHING 
HANDS!
HOLMES, Oliver Wendell. Puerperal Fever, as a Private Pestilence. Boston: Tic-
knor & Fields, 1855.

$48,500

8vo (237 x 148 mm), pp. [ii, blank], [1-5], 6-60, [2, blank]. Original blind-stamped 
vertically ribbed cloth, title in gilt on front cover. Exceptionally fine and unrestored 
copy.

First edition, inscribed presentation copy in the rare cloth binding of “one of 
the greatest American contributions to medicine” (Grolier). “In the early to 
mid-nineteenth century in Europe and America, thousands of young women 
died from childbed fever, also known as puerperal fever, a disease rampant in the 
charity maternity clinics of the time. Women were generally affected within the 
first three days after childbirth. The disease progressed rapidly and caused acute 
symptoms of severe abdominal pain, fever, and debility. Therapy usually involved 
bloodletting, but with or without this treatment the disease was often fatal. Per-
haps Jane Seymour, the third wife of England’s King Henry VIII, was the most 
famous victim of puerperal fever. She died two weeks after giving birth to Henry’s 
only surviving son, the future Edward VI of England … Born into a family whose 
ancestors had distinguished themselves in both literature and medicine, Holmes 
attended Harvard University and also studied at the prestigious medical schools 
of Paris. After two and a half years, he returned to the United States and received 
his medical degree from Harvard in 1836. He maintained a small medical practice 
for 12 years but found that his main interests lay in teaching and research. Hear-
ing of the death of a physician one week after performing a postmortem exam on 
a woman who had died of puerperal fever, Holmes began a thorough investiga-
tion and read a paper on ‘The Contagiousness of Puerperal Fever’ before the Bos-
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ton Society for Medical Improvement in 1843. Because the paper was published 
in the New England Quarterly Journal of Medicine and Surgery, a journal with a 
very small circulation which ceased publication after only one year, it went largely 
unnoticed until it was republished in 1855 as a booklet entitled Puerperal Fever, 
as a Private Pestilence. Holmes argued the controversial view that physicians with 
unwashed hands were responsible for transmitting puerperal fever from patient 
to patient. Holmes was promptly attacked by the leading Philadelphia obstetri-
cian, Charles D. Meigs, who derided his arguments as the ‘jejeune and fizzenless 
dreamings’ of a sophomoric writer, and declared that any practitioner who met 
with epidemic cases of puerperal fever was simply ‘unlucky.’ A few years later, 
Semmelweis took up the struggle in Europe to persuade other physicians of the 
contagiousness of puerperal fever … Thanks to the work of Holmes and Semmel-
weis, the gradual acceptance of sterile procedures, and to a variety of other factors 
such as improved environmental conditions, better overall obstetrical care, and 
the availability of antibiotics, puerperal fever has become rare in developed coun-
tries” (Lane et al.). “The publishers’ archives record a press-run of only 500 copies, 
if which 159 were unsold in 1865 and were put in storage. Most copies of this edi-
tion seem to have been issued in printed paper wrappers; copies in the publisher’s 
cloth binding are very rare” (Norman). The Norman copy, in original black cloth 
and also inscribed, sold for $23,000 at part 3 of the Norman sale at Christie’s, 29 
October 1998, lot 1129.

Provenance: Dr. William Page (inscribed by Holmes on the original front yellow 
fly leaf ‘Dr. Page/ from his friend the author’). Page was a friend of Holmes and 
possibly worked with him. He served as a surgeon during the Civil War, and later 
was the first physician at the Montezuma Hot Springs in Las Vegas, New Mexico. 
Page’s wife died of puerperal fever.

“During the 1800s, puerperal fever was widespread in Europe and a common 
cause of maternal death. Holmes began to research puerperal fever in 1842 after 
watching Walter Channing, an instructor at Harvard Medical School in Boston, 
Massachusetts, present about thirteen fatal cases of puerperal fever to the Boston 
Society for Medical Improvement. At the time, Holmes was a practicing physician 

in Boston. Holmes spent a year researching puerperal fever by going through case 
reports and other medical literature in Boston. 

“On 13 February 1843, Holmes presented his research to the Boston Society for 
Medical Improvement. In April, he published his research as an essay, ‘The Con-
tagiousness of Puerperal Fever’. According to Holmes, he intended for the essay to 
alert physicians and various medical staff to the fact that they could spread puer-
peral fever and that puerperal fever was contagious. At the time of the essay’s pub-
lication, researchers couldn’t explain the cause of the disease and physicians were 
unaware that they could be in part be responsible for the spread of the disease. 

“‘The Contagiousness of Puerperal Fever’ is divided into three untitled parts. In 
Part I, Holmes presents his overall thesis that puerperal fever is infectious and 
often spread by physicians. Holmes also analyses previous literature on puerperal 
fever. In Part II, Holmes provides evidence regarding the contagious nature of 
puerperal fever. He presents multiple cases in which patients, who were being 
treated by physicians who had been exposed to puerperal fever, died after giving 
birth. In his final section, Part III, Holmes outlines eight preventative measures 
for physicians and other medical staff to follow to prevent the spread of puerperal 
fever. Throughout his essay, Holmes includes quotations from physicians talking 
about cases of puerperal fever. 

“In Part I of the essay, Holmes discusses his purpose and also highlights the con-
clusions of previous research done on puerperal fever. He begins Part I by stating 
that it is important for physicians to consider that puerperal fever could pass from 
physician to patient, and that the conclusions of his essay could prevent further 
maternal deaths. Holmes lists the five points of his essay. In his first point, he 
states that he does not know if all forms of puerperal fever are equally contagious, 
so he will not address different forms throughout his essay, rather he discusses 
puerperal fever from a more general perspective. In the next two points, Holmes 
states that he will not discuss the exact modes of transmission of the disease or 
the exact causes. He then acknowledges that there are instances of lone cases of 
puerperal fever that do not end up spreading to other patients. In his final point, 
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Holmes states that many women died of puerperal fever and that physicians and 
nurses had been blind to the fact that they may carry the disease. 

“In Part I of the essay, Holmes discusses the work of Alexander Gordon, a phy-
sician who wrote a 1795 book on the infectious nature of puerperal fever titled 
A Treatise on the Epidemic Puerperal Fever of Aberdeen. Holmes quotes Gordon 
as saying that he suspected he was carrying the disease to patients and that he 
could predict which patients would die of puerperal fever based on who attended 
to them. Holmes uses Gordon’s words as evidence for his thesis of the conta-
giousness of puerperal fever. He cites work of other physicians including case re-
ports and research papers, and medical cases for which all the patients of specific 
medical staff died of puerperal fever during a specific span of time. According to 
Holmes, the deaths of all the patients of one physician indicated that the physi-
cian was responsible for spreading the disease. 

“In Part II, Holmes outlines numerous cases of puerperal fever as evidence of the 
link between the spread of puerperal fever and the actions of the physicians in 
charge of the cases. In this section, Holmes explores cases for which a physician 
conducted an autopsy on a patient who died of puerperal fever or other bac-
terial disease and then treated a pregnant woman after completing the autopsy. 
Holmes then reviews the case report of Charles Warrington, a physician in the 
United States. Warrington, after assisting in an autopsy of a patient who died of 
puerperal fever, delivered the infants of three women and attended two other pa-
tients. All five patients were diagnosed with puerperal fever and two died. From 
Warrington’s report, Holmes concludes that autopsies played a role in the spread 
of puerperal fever. Holmes presents another case of a physician whose patients 
were dying of puerperal fever. In the case, two nurses who handled the bodies of 
the dead patients also died of erysipelas, a disease caused by a bacterial infection 
in the skin. The physician in charge of the cases had wounded himself during an 
autopsy of an older man who had died suddenly. Holmes argues that the physi-
cian had spread the erysipelas to the nurses, and Holmes connects erysipelas with 
puerperal fever. He argues that the physician had caused the pregnant patients to 
get puerperal fever because of the spread of the erysipelas. 
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“Holmes continues Part II of his essay by examining cases of puerperal fever in 
which the physicians had not performed autopsies prior to attending to patients. 
He analyzes the cases to show that the spread of puerperal fever occurred dras-
tically and in a specific amount of time. Holmes references a letter written to a 
colleague of his in which a physician discusses cases of puerperal fever that had 
occurred in his practice. The physician details how the cases of puerperal fever 
seemed to be confined to certain periods of time, occurring one after another. 
Holmes notes that most cases of puerperal fever spread in a short amount of time, 
and because they were usually confined to specific physicians, those physicians 
were responsible for spreading the disease. 

“In another case Holmes describes in Part II, puerperal fever was directly trans-
ferred from physician to patient. The physician, after conducting an examination 
of the body of a patient who died of puerperal fever, carried pelvic organs in 
his pocket to the classroom to teach students. He later aided in the delivery of a 
pregnant woman who died of puerperal fever. The physician also used the same 
forceps from the delivery the next day on another patient, who later died of puer-
peral fever. Holmes uses those cases to show a correlation between patient deaths 
and the actions of physicians. He states that after physicians conduct autopsies, 
they transfer the disease to the patients. He also concludes that there is a correla-
tion between erysipelas, a bacterial skin infection, and puerperal fever and that 
puerperal fever may originate from erysipelas. 

“In Part III of ‘The Contagiousness of Puerperal Fever,’ Holmes outlines eight 
measures medical staff should take to prevent the spread of puerperal fever. He 
first states that the conclusions of his essay are meant to instruct physicians rather 
than criticize them. Following, Holmes presents his recommendations. He first 
recommends that physicians who plan on attending to pregnant women should 
not take part in autopsies on patients who died of puerperal fever. He then states 
that if they do attend an autopsy, they should properly clean themselves and wait 
a full day before attending to pregnant patients. Next, Holmes outlines what med-
ical staff should do with singular cases of puerperal fever, emphasizing that physi-
cians and staff must take precautions to prevent the spread of the disease. He does 

not specify the precautions, but mentions that a physician should let some time 
pass after attending to a patient with puerperal fever before attending to another 
patient. Holmes argues that if more than one patient of a physician’s is diagnosed 
with puerperal fever, that physician should let a month pass before returning to 
practice. He goes on to state that if a physician has three closely connected pu-
erperal fever cases, then that physician should be regarded as the reason for the 
spread of the disease. Finally, Holmes declares that widespread cases of puerperal 
fever under any physician should not be seen as a misfortune but as crime. 

“According to historian of science Lois Magner, Holmes’s essay was not well re-
ceived by the medical community in the 1840s. Obstetricians, including Charles 
D. Meigs, a physician of obstetrics and professor at Jefferson Medical College in 
Philadelphia, Pennsylvania, contended that Holmes’s argument was flawed and 
referred to him as a sophomoric writer. At the time, many physicians said that 
widespread cases of puerperal fever were a result of misfortune and not the phy-
sicians’ fault. Many obstetricians dismissed Holmes’s work because he was not 
an obstetrician. In addition, the New England Quarterly Journal of Medicine and 
Surgery, in which Holmes published his essay, reached few doctors and stopped 
publishing new issues a year after the publication of Holmes’s essay. Because of 
the criticism and lack of reach, Holmes published another version of his essay in 
1855 that included an additional introduction, in which he highlighted how his 
initial essay impacted the medical community. The second version of the essay, 
titled Puerperal Fever as a Private Pestilence, also presented additional cases as 
evidence. 

“Despite the criticism Holmes’s work received and its lack of reach, some physi-
cians followed Holmes’s recommendations. In 1852, James Copeland, a physician 
at Queen Charlotte’s Lying-in Hospital in London, England, affirmed Holmes’s 
conclusion in his book, A Dictionary of Practical Medicine. Holmes’s work on pu-
erperal fever was supported by the work of Ignaz Semmelweis, a physician at the 
Vienna General Hospital in Vienna, Austria, who in 1847 made similar conclu-
sions as Holmes, but also suggested that physicians properly wash their hands 
prior to and following attending patients. 
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“‘The Contagiousness of Puerperal Fever’ was the one of the first compilations 
of evidence arguing that puerperal fever was an infectious disease that could be 
passed from physician to patient. Holmes’ and Semmelweis’ work on the infec-
tious nature of puerperal fever enabled researchers to prevent and later cure pu-
erperal fever, and the disease became almost non-existent by 1960 in many parts 
of the world” (Embryo Project). 

“Oliver Wendell Holmes was born on 29 August 1809 in Cambridge, Massachu-
setts. He received his early education in Cambridge, followed by four years at 
Phillips Academy in Andover. Then entering Harvard in 1829, he studied law for 
a year before turning to medicine and becoming apprenticed to Dr. James Jack-
son, who became his counsellor and friend. In 1833 he interrupted his studies 
in Boston to travel to Paris, at that time the Mecca of medical research and ed-
ucation. There he studied under the great Pierre Louis, who became his beloved 
teacher, and under others including Velpeau and the surgeons Dupuytren and 
Larrey. He also travelled widely, visiting Holland, Switzerland, Italy, and England. 
Returning to the United States in December 1835, he received the Harvard de-
gree of MD in 1836 and entered practice. In 1839 the University of Maryland 
offered him the chair of surgery in Baltimore, but he declined. He was too much 
of a Bostonian. The following year he married Amelia Lee Jackson, the daugh-
ter of Charles Jackson who was a justice of the Massachusetts Supreme Court. 
From this marriage there were three children: an elder son and namesake who 
became a justice of the United States Supreme Court, a daughter, and a younger 
son who became a Boston lawyer. In 1837 Holmes was appointed to the staff of 
the Boston Dispensary. During his early years after qualification he also taught 
physiology and pathology at the Tremont Street Medical College and, with Dr 
Bigelow, edited the American edition of Marshall Hall’s textbook The theory and 
practice of medicine. In 1846 Holmes was appointed physician to the Massachu-
setts General Hospital, and the following year was elected first Parkman professor 
of anatomy and physiology at Harvard, a position he held for the next 35 years, 
although physiology was separated from his chair in 1871. He also became dean 
of the Harvard medical faculty between 1847 and 1853. Holmes was a brilliant 
conversationalist and became a member of the Saturday Club which included 
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among its select membership Emerson, Hawthorne, Whittier, Longfellow, Lowell, 
and Motley. Holmes retired from active teaching in 1882. Harvard awarded him 
the degree of LLD and made him professor emeritus. Four years later he revisited 
Europe for the first time since 1830, calling on Pasteur in Paris and receiving hon-
orary degrees from the Universities of Oxford, Cambridge, and Edinburgh. After 
his wife died in 1888, he went to live first with his widowed daughter, and when 
she in turn died in 1889, then with his son Mr Justice Holmes. It was at this time 
that he presented his personal collection of 1000 volumes to the Boston Medical 
Library, of which he had been president for 13 years. He wrote: ‘These books were 
very dear to me as they stood on my shelves. A twig from some one of my nerves 
ran to every one of them’” (Dunn).

BAL 8768; Garrison-Morton 6276; Grolier Medicine 72c; Osler 2989A; Waller 
4852; Norman 1089; cf. PMM 316 (1843 journal issue). Dunn, ‘Oliver Wendell 
Holmes (1809–1894) and his essay on puerperal fever,’ Archives of disease in child-
hood. Fetal and neonatal edition 92 (2007), pp. F325–F327. Lane et al., ‘Oliver 
Wendell Holmes (1809–1894) and Ignaz Philipp Semmelweis (1818–1865): Pre-
venting the Transmission of Puerperal Fever,’ American Journal of Public Health 
100 (2010), pp. 1008–1009.
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“THE PRIDE AND BOAST OF BRITISH 
ASTRONOMY”
HORROCKS, Jeremiah [WALLIS, John; FLAMSTEED, John; CRABTREE, 
William]. Opera posthuma [Opuscula astronomica]; viz. Astronomia Kepleriana, 
defensa & promota. Excerpta ex epistolis ad Crabtraeum suum. . London: W. God-
bid for J. Martyn, 1672-73.

$50,000

4to (199 x 156 mm), pp. [xvi], 496 and two engraved folding plates. Most of the 
sections have special title-pages, dated 1672 or 1673. Woodcut title vignettes, head-
pieces and historiated initials, numerous diagrams and tables (age-toned with some 
spotting). Contemporary calf, spine gilt in compartments.

First edition, very rare, of the principal published source of the short-lived “pride 
and boast of British astronomy,” as he was later described by Sir John Herschel. 
The works published here posthumously, edited by John Wallis, constitute almost 
all of Horrocks’ writings that survived the vicissitudes of the Civil War and the 
Great Fire of London. “There is no doubt about the influence of Horrocks on 
Newton, who pays tribute to [him] in the Principia” (Plummer). “Jeremiah Hor-
rocks was, perhaps, the first man in England to comprehend fully the actual rev-
olution [in astronomy] going on in continental Europe. He was the first English-
man (along with Crabtree and Gascoigne) to recognise the investigative power of 
the telescope in original research and drew conclusions that went beyond those 
of Galileo and Kepler. He was the first of his contemporaries to examine inde-
pendently the Keplerian astronomy, improve upon it, and produce an analysis 
of the lunar orbit which would provide a working model for the rest of the solar 
system. But he was possibly the first man in Europe to recognise the method-
ological faults of post-Tychonian astronomy, discard tabular computation, and 
stress fundamental observation with specialised mathematical instruments as the 
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only way to answer the dominating questions of the age … The high point of his 
short though remarkably fruitful scientific career, to both the first and subsequent 
generations of his admirers, lay in those thirty minutes before sunset on 1639 No-
vember 29 when he observed the transit of Venus” (Chapman). “In his extraordi-
nary and short-lived career Horrocks turned his attention to almost every aspect 
of astronomy. He was an assiduous and careful observer, always anxious to extend 
the limits of precision and to seek out and eliminate sources of possible observa-
tional error. One of his aims was to carry on the work of Tycho, but by utilizing 
the new opportunities available in the age of the telescope. He re-determined the 
astronomical constants for several planets, imaginatively investigated the prob-
lem of the scale of the solar system, improved the theory of lunar motion, began 
a detailed study of the tides, and theorized about the forces responsible for the 
motions of the planets. As a theorist, Horrocks, although he was not in possession 
of the principle of inertia, represents a transition between the physical astronomy 
of Kepler and the fertile period 1660–1680 associated with the names of Borelli, 
Hooke, Halley, and Newton. His writings remained unpublished in his lifetime 
and the extent of his influence on his successors has yet to be explored” (DSB). 
The greater part of the book was printed in 1672 and some (incomplete) copies 
were issued in that year. The title varies between Opera posthuma and Opuscula 
astronomica according to the bookseller who sold it, but neither of the original 
publishers did at all well out of it. ABPC/RBH lists only the Macclesfield copy 
since Honeyman.

Horrocks (1618-41) grew up in Toxteth Park, then a small village about three 
miles from Liverpool. From 1632 to 1635 he attended Emmanuel College, Cam-
bridge, but he left without taking a degree. He taught himself astronomy and fa-
miliarized himself with the chief astronomical works of antiquity and of his own 
time. Shortly after leaving Cambridge he befriended William Crabtree (1610-44), 
a clothier or merchant of Broughton, near Manchester. Crabtree had studied as-
tronomy for several years and the two young and enthusiastic friends carried on 
an extensive correspondence on astronomical matters that continued until Hor-
rocks’ death.

“In 1635 Horrocks began to compute ephemerides from Philip van Lansberge’s 
Tabulae motuum coelestium perpetuae (1632). Comparing the results of his calcu-
lations with his own and Crabtree’s observations, he concluded that Lansberge’s 
tables were not only inadequate but also based on a false planetary theory. Upon 
Crabtree’s advice he began to use Kepler’s Tabulae Rudolphinae (1627) and soon 
became convinced that the tables were superior to all others and the only ones 
founded on valid principles. He devoted the next few years to correcting their 
errors and improving their accuracy.

“Having some misgivings about Kepler’s physical theories, Horrocks turned to the 
study of Kepler’s works and soon became an ardent disciple. He accepted Kepler’s 
doctrines of elliptical planetary orbits, with the sun situated in the orbital planes, 
and of the constant inclination of these orbits to the ecliptic. Horrocks affirmed 
that he had carefully and repeatedly tested Kepler’s rule of the proportionality be-
tween the squares of the planetary periods and the cubes of their mean distances, 
and that he had found it to be absolutely true. With Kepler, he held that a planet 
moves more rapidly at perihelion than at aphelion and he believed planetary ve-
locity to decrease proportionally with increasing distance from the sun. There is 
no mention in his surviving works of Kepler’s law of areas.

“Horrocks also accepted Kepler’s viewpoint on the unity of celestial and terrestri-
al physics and his program for the creation of a celestial dynamics. He tentatively 
put forward a dynamical model of his own, however, which he felt eliminated 
some of the worst features of his master’s. He started with Kepler’s hypothesis 
that the sun moves the planets both by its rotation and by the emission of a qua-
si-magnetic attractive force, which becomes weaker with distance and attracts the 
planets as well as acting as a series of lever-arms pushing them along. The specific 
shape of the planetary orbit is the result of a dynamic equilibrium between a lat-
eral (pushing) and a central force. Horrocks repudiated Kepler’s idea that each 
planet has opposite sides ‘friendly’ and ‘unfriendly’ to the sun which cause it to be 
alternately attracted and repelled in different parts of its orbit and thus to move 
in an ellipse.
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“Possibly influenced by his reading of Galileo’s Dialogue Concerning the Two Chief 
World Systems, Horrocks linked his celestial dynamics to the principles of falling 
bodies on earth and illustrated his conception by analogy with a pendulum. The 
planets may be seen as having a tendency to fall toward the sun or to oscillate 
about it freely, as the pendulum bob does about its mean position. But ‘Ye suns 
conversion doth turn the planet out of this line framing its motion into a circular, 
but the former desire of ye planet to move in a streight line hinders the full con-
quest of ye Sun, and forces it into an Ellipticke figure’.

“An analogy with a conical pendulum further illustrated his point. Horrocks 
pointed out that if a ball suspended by a string is withdrawn from its position at 
rest beneath the point of suspension, and given a tangential impulse, the ball will 
follow an elliptical path and its major axis will rotate in the direction of revolu-
tion—exactly as does the line of apsides of the lunar orbit. He further supposed 
a slight breeze blowing in the direction of the major axis, to support the analogy 
that the center of motion is in the focus of an ellipse rather than its center. Ac-
cording to Horrocks, therefore, and in contradistinction to Kepler, the planets 
tend always to be attracted to the sun and never to be repelled by it.

“Horrock’s conception of gravitation and his theory of comets also differed some-
what from Kepler’s. He hinted that the planets exert an attractive force on each 
other as well as on the sun; it is only because the sun is so massive compared 
to the other bodies in the solar system that it cannot be pulled from its place at 
the center. Originally, Horrocks proposed that comets are projected from the sun 
and tend to follow rectilinear paths. Like a stone thrown upward, they eventu-
ally reach a point of zero velocity and then return with accelerated motion; but 
since they are all the while influenced by the rotating force from the sun, they are 
thereby deflected into more or less circular paths. Horrocks later surmised that 
cometary orbits were elliptical.

“In mathematical planetary astronomy, he carefully re-determined the apparent 
diameters of several celestial bodies, examined afresh the manner of calculat-
ing their parallaxes, and obtained improved elements for several orbits. For the 
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horizontal solar parallax, Horrocks proposed a figure of 14̧ which he arrived at 
by an ingenious and novel line of reasoning spiced with a dash of metaphysical 
speculation. It was a value not to be improved on for many years and vastly supe-
rior to Tycho’s 3̧ and Kepler’s 59̧ and even to Hevelius’ 40̧, a generation after 
Horrocks. He therefore obtained a figure for the radius of the earth’s orbit of ‘at 
least … 15,000 semidiameters of the earth,’ or about 60,000,000 miles. He reduced 
Kepler’s estimate of the solar eccentricity, and subtracted 1̧ from the roots of the 
sun’s mean motion. Having discovered the irregularities in the motions of Jupiter 
and Saturn, he suggested specific corrections in the Rudolphine Tables for their 
mean longitudes and velocities, and he may have suspected that the increase in 
Jupiter’s velocity and the decrease in Saturn’s over a long span of time were peri-
odic.

“His program of correcting Kepler’s tables led to Horrocks’ prediction of a transit 
of Venus, and he became the first astronomer to observe one. Consulting the ta-
bles of Lansberge, and afterward those of Reinhold, Longomontanus, and Kepler, 
he learned that there would be a conjunction of Venus and the sun some time in 
early December 1639. The four tables differed from each other in this estimate, 
however, by as much as two days. Horrocks discovered a small constant error in 
Kepler’s tables which displaced Venus about 8̧ too much to the south, whereas 
Lansberge’s erroneously elevated its latitude by a still greater amount. Correcting 
Kepler’s error, Horrocks found that Venus would transit the lower part of the sun’s 
disk on 4 December and wrote to Crabtree urging that they both make careful 
observations upon the expected date of conjunction.

“Horrocks used a method of observation proposed for eclipses by Kepler and 
adapted to the telescope by Gassendi for the latter’s observation of the transit of 
Mercury of 1631. The sun’s light was admitted through a telescope into a dark-
ened room so that the sun’s disk was reproduced on a white screen to a diameter 
of almost six inches; the screen was divided along the solar circumference by 
degrees and along the solar diameter into 120 parts. Crabtree, observing near 
Manchester, saw the transit for only a few minutes and failed to record the data 
precisely, but his general observations proved to be in agreement with those made 

by his friend. Horrocks was more successful, and his analysis of his observations 
enabled him to correct earlier data for the planet.

“Other astronomers had determined the apparent diameter of Venus as upwards 
of 3̧, but Horrocks found it to be 1̧ 16̧ ± 4̧, quite close to the modern value. 
The transit observation also enabled him to re-determine the constants for Venus’ 
orbit, yielding better figures for its radius, eccentricity, inclination to the ecliptic, 
and position of the nodes. As a result, he was also able to correct the figures for 
the rate of Venus’ motion; he determined it to be slower by 18̧ over 100 years 
than Kepler’s tables showed.

“His contributions to lunar theory, to which he turned his earnest attention in 
1637, were among his most important. Following Kepler, he had as the physical 
cornerstone of his lunar theory the assumptions that the lunar orbit is elliptical 
and that many of the moon’s inequalities are caused by the perturbative influence 
of the sun. In observation, he followed the practice initiated by Tycho of studying 
the moon in all its phases and not merely in the syzygies. Consequently, he was 
able to make improvements in the constants for several lunar inequalities, but 
his precepts were not reduced to tabular form until after his death. His most sig-
nificant achievement in lunar theory was to account for the second inequality of 
longitude (evection, discovered in antiquity) by an unequal motion of the apsides 
and a variation in eccentricity. Depending on the moon’s distance from the sun, 
he added to the mean position of the apogee or subtracted from it up to 12° and 
altered the eccentricity within a range just over 20 percent about its mean value … 
Tables based on Horrocks’ lunar theory continued in use up to the middle of the 
eighteenth century, when they were superseded by Mayer’s” (DSB).

“The publication of the works of Horrocks has an interesting history. It concerns 
a group of three Emmanuel men, Horrocks himself, John Wallis and John Worth-
ington on one side, and the Royal Society on the other. The papers of Horrocks 
were scattered. Some went to his brother Jonas in Ireland and were lost. A party 
of marauding soldiers at the beginning of the Civil War destroyed such as they 
found at his Toxteth home. Some notes went to Jeremiah Shakerley and were 
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used in compiling his Tabulae Britannicae; these disappeared in the great Fire of 
London. But Crabtree gained possession of the remaining and, it may be hoped, 
the more important part of the papers and correspondence. These were bought by 
Worthington after Crabtree’s death …

“It was presumably through Wallis that the manuscript of Venus in Sole visa 
passed from Worthington into the hands of the Royal Society in its very earliest 
days. At a meeting it was voted worthy of publication by a majority, and Huygens 
who was present at the meeting received the MS. for transmission to Hevelius. It 
was published by the latter along with his own Mercurius in Sole visus and thus, 
as Wallis expresses it, the English Venus was mated with the Danzig Mercury. But 
this was in 1662, more than twenty years after the death of the man who had made 
the unique observation; and the MS. was not returned.

“It does not seem clear whether the other remains of Horrocks were delivered 
by Worthington to the Royal Society at the same time as the Venus in Sole visa 
or at some later date before his death in 1671. When this happened Wallis had 
returned to Oldenburg all the papers which had been entrusted to him for edit-
ing. They are now stated to be in the Bodleian Library, but how they came to be 
diverted from the ownership of the Royal Society, or in what state of completeness 
they may be, has not been ascertained.

“The critical work of Horrocks, which constitutes the main part of the Opera Post-
buma, was reconstructed by Wallis in a connected form from a number of MSS. 
in different stages of development. The process of fusion has left visible traces 
in the repetition of certain passages. After this part the separate sections have 
each their own title page dated 1672 with the words ‘Impensis J. Martyn Regalis 
Societatis Typographi’ omitted. They contain the letters of Horrocks to Crabtree 
I636-40, translated into Latin by Wallis, observations made by Horrocks 1635-40, 
and observations made by Crabtree I636-38.

“These three sections nearly complete the volume, but there are two small addi-
tions. On Wallis fell the arduous task of literary editorship; but in the production 
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of the work John Collins was associated with him. Collins was no doubt a good 
man of business, and he played a meritorious part in the scientific history of his 
time. But in this case he was not altogether happy … Collins was persuaded, and 
not without reason as the event showed, that the book could not be expected 
to sell without the addition of some more up-to-date material. In following this 
course he acted under the influence of John Flamsteed rather than of Wallis. The 
first piece added is a paper by Flamsteed on the equation of time and has nothing 
to do with Horrocks. But the other piece purports to give an account of the lunar 
theory of Horrocks, with tables and an explanation by Flamsteed. The description 
of the theory is conveyed by reproducing a letter from Crabtree to Gascoigne, 
while the original letter from Horrocks to Crabtree on the subject has been sup-
pressed. This treatment of the matter caused intense annoyance to Wallis, who 
protested in vain and is free from responsibility. It is much to be regretted that 
a second-hand account was substituted, because the lunar theory of Horrocks 
probably marks his greatest advance on the ideas of his predecessors. Here there 
is no doubt about the influence of Horrocks on Newton, who pays tribute to his 
theory in the Principia” (Plummer, pp. 48-50).

A few copies of the Opera posthuma were issued with the original letter from 
Horrocks to Crabtree (dated December 20, 1638) on the lunar theory comprising 
signature 3O. Early in the print run, at the instigation of Flamsteed, this signature 
was cancelled and replaced (as here) by Flamsteed’s account of Crabtree’s letter to 
Gascoigne (dated July 21, 1642) expounding Horrocks’s theory. The edition was 
divided between two booksellers, John Martin (as here) and Robert Scott, the 
latter having the variant title Opuscula astronomica rather than Opera posthuma. 
A second edition appeared in 1678.

Crawford 242v; Houzeau and Lancaster :t1847; Lalande p 278; Wing H2870; 
Caspar (Anhang) 7 (1678 edition); Plummer, ‘Jeremiah Horrocks and his Opera 
posthuma’, Notes and Records of the Royal Society, 3 (1940), pp. 39-52. Chapman, 
‘Jeremiah Horrocks. The Transit of Venus and the ‘New Astronomy’ in early 17th 
century England’, Quarterly Journal of the Royal Astronomical Society 31 (1990), 
pp. 333-357).
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INSCRIBED PRESENTATION COPY OF 
THE EXTREMELY RARE ABSTRACT
[HUTTON, James]. Abstract of a Dissertation Read in the Royal Society of Edin-
burgh, upon the Seventh of March, and Fourth of April, M,DCC,LXXXV, concern-
ing the System of the Earth, its Duration, and Stability. [Edinburgh: N.p., 1785].

$185,000

8vo (196 x 126 mm), pp. 30, [2, blank] (a few unimportant stains to title). Attractive 
elaborately gilt morocco, red morocco lettering piece on spine. A very fine copy.

First edition, inscribed presentation copy from Hutton to Matthew Boulton, 
of one of the great rarities in the history of science, Hutton’s first announcement 
of his revolutionary view that our earth was shaped by slow, steady forces acting 
over a long period of time – the doctrine of uniformitarianism. According to Vic-
tor Eyles, “10 or at most 12” copies of this Abstract exist (photocopy of letter from 
Eyles to a previous owner laid in; Eyles is the author of a published bibliographical 
account of the Abstract, and of the DSB article on Hutton). “Hutton’s theory, or 
‘System of the Earth,’ as he called it originally, was first made public at two meet-
ings of the Royal Society of Edinburgh, early in 1785. The society published it in 
full in 1788, but offprints of this paper were in circulation in 1787, and possibly 
in 1786. The theory first appeared in print in condensed form, in a thirty-page 
pamphlet entitled Abstract of a Dissertation … Concerning the System of the Earth, 
Its Duration, and Stability, which Hutton circulated privately in 1785. The interest 
of this pamphlet is that it states all the conclusions which were essential to the 
theory as a whole. It emphasizes that even at this early date Hutton’s thinking was 
far ahead of that of his contemporaries” (ibid.). “Hutton’s most important contri-
bution to science was his theory of the earth, first announced in 1785. Hutton had 
then been actively interested in geology for fully thirty years. It is known that he 
had completed the theory in outline some years earlier, and according to Black, 
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writing in 1787, Hutton had formed its principal parts more than twenty years be-
fore. In essence the theory was simple, yet it was of such fundamental importance 
that Hutton has been called the founder of modern geology” (DSB). “The effect 
of his ideas on the learned world can be compared only to the earlier revolution 
in thought brought about by Polish astronomer Nicolaus Copernicus, German 
astronomer Johannes Kepler, and Italian astronomer Galileo when they displaced 
the concept of a universe centred on Earth with the concept of a solar system 
centred on the Sun. Both advances challenged existing thought and were fiercely 
resisted for many years” (Britannica).“Born in Edinburgh, James Hutton (1726-
97) studied medicine at the university there during 1744-47, after which he spent 
two years in Paris, where he probably first developed an interest in geology. Hut-
ton returned to Edinburgh in 1750, where “he entered fully into the intellectual 
and social life of the city. Joseph Black became his most intimate friend. Through 
Black he became a friend of James Watt, in whose work he took much interest … 
About 1781 he first met [John] Playfair, and later he befriended Sir James Hall, 
who attained distinction as a geologist and chemist” (DSB). Through Watt, Hut-
ton met the members of the Lunar Society of Birmingham, a group of scientists, 
engineers and industrialists from the English Midlands, which included Watt’s 
business partner, Matthew Boulton. Six copies are recorded by ESTC: three in 
Britain and three in America. ABPC/RBH list one other copy (Sotheby’s, 1988).

Provenance: Matthew Boulton (1728-1809) (presentation inscription on title in 
Hutton’s hand: ‘Matthew Bolton [sic] Esqr from James Hutton’); Henry Faul (d. 
1981). Hutton’s closest friends included Joseph Black, Adam Smith (who appoint-
ed Hutton and Black as his literary executors), and James Watt. It was Watt who 
introduced him to Matthew Bolton, manufacturer, scientist and entrepreneur, 
very probably when visiting Birmingham in 1774 as Watt moved to that city to 
join in partnership with Bolton to develop the steam engine. Hutton was a ‘sat-
ellite’ member of the famous Lunar Society, which included John Whitehurst, 
Boulton, Josiah Wedgewood, Erasmus Darwin, Joseph Priestley, Watt, William 
Withering, and others. Henry Faul was professor of geophysics at the Univer-
sity of Pennsylvania and a noted collector of rare geological books. Laid in is a 
photocopy of a letter from V. A. Eyles to Faul, dated 26 October 1971, discussing 

the rarity (“10 or at most 12”) of the book and the importance of this copy and 
authenticating the inscription.

In the Abstract, “Hutton describes briefly his purpose in carrying out the inquiry, 
the methods he employed in reaching his conclusions, and the conclusions them-
selves. His purpose was to ascertain (a) the length of time the earth had existed as 
a “habitable world”; (b) the changes it had undergone in the past; and (c) whether 
any end to the present state of affairs could be foreseen. He stated that the facts 
of the history of the earth were to be found in ‘natural history,’ not in human 
records, and he ignored the biblical account of creation as a source of scientific 
information (a view he expressed explicitly later on). The method he employed in 
carrying out his inquiry had been a careful examination of the rocks of the earth’s 
crust, and a study of the natural processes that operated on the earth’s surface, or 
might be supposed, from his examination of the rocks, to have operated in the 
past. In this way, ‘from principles of natural philosophy,’ he attempted to arrive 
at some knowledge of the order and system in the economy of the globe, and to 
form a rational opinion as to the course of nature and the possible course of nat-
ural events in the future.

“Hutton concluded that rocks in general (clearly he referred here to the sedimen-
tary rocks) are composed of the products of the sea (fossils) and of other materi-
als similar to those found on the seashore (the products of erosion). Hence they 
could not have formed part of the original crust of the earth, but were formed by 
a ‘second cause’ and had originally been deposited at the bottom of the ocean. 
This reasoning, he stated, implies that while the present land was forming there 
must have existed a former land on which organic life existed, that this former 
land had been subjected to processes of erosion similar to those operating today, 
and that the sea was then inhabited by marine animals. He then concluded that 
because the greater part of the present land had been produced in this way, two 
further processes had been necessary to convert it into a permanent body resis-
tant to the operations of water: the consolidation of the loose incoherent matter 
at the sea bottom, and the elevation of the consolidated matter to the position it 
now occupies.
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“Hutton then considered two possible methods of consolidation. The first, depo-
sition from solution, he rejected because the materials of which ordinary sedi-
ments are composed are, with few exceptions, insoluble in water. He adopted the 
alternative, fusion of the sediments by the great heat which he believed to exist 
beneath the lower regions of the earth’s Crust. Heat, he claimed, was capable of 
fusing all the substances found in different types of sediment.

“He also concluded that the extreme heat that fused the sediments must be ca-
pable of ‘Producing an expansive force, sufficient for elevating the land from the 
bottom of the ocean to the place it now occupies.’ He supported this conclusion 
by stating that the strata formerly deposited in regular succession at the bottom 
of the ocean are now often found broken, folded, and contorted, a condition to be 
expected as a result of the violently expansive action of subterraneous heat.

“Hutton then discussed the direct evidence of the action of heat, which he had 
found in the rocks themselves. He mentioned mineral veins containing matter 
foreign to the strata they traverse, the widespread occurrence of volcanoes, and 
the occurrence of what he called “subterraneous lavas.’ (The examples quoted 
here, and in the fuller version of the theory, indicate clearly that he was referring 
to what are now known as igneous intrusions.)

“Hutton next claimed that his theory could be extended to all parts of the world, 
a generalization that was by then justified because similar rocks occur in other 
countries. He also claimed that the theory, based on rational deductions from 
observed facts, was not ‘visionary.’

“Finally, Hutton discussed one of the principal objects of his inquiry, the length 
of time the earth had existed as a habitable world, that is, in effect, the question of 
geological time. He rejected as humanly impracticable the possibility of estimat-
ing geological time by measuring the rate at which erosion is wearing down the 
land. Hence he concluded
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‘That it had required an indefinite space of time to have produced the land which 
now appears; … That an equal space had been employed upon the construction 
of that former land from whence the materials of the present came; … That there 
is presently laying at the bottom of the ocean foundation of a future land, which 
is to appear after an indefinite space of time … so that, with respect to human 
observation, this world has neither a beginning nor an end’ [pp. 27-28].

“Hutton was not prepared to be more definite than the facts allowed.

“It was also in the Abstract that Hutton disclosed for the first time his philosoph-
ic belief that there exists in nature evidence of wisdom and design. He believed 
that the natural processes operating on an within the earth’s crust had been so 
contrived as to provide for the indefinite continuance of the earth as a habitable 
world, providing means for the continuing existence of living beings, and that his 
theory provided support for this conclusion. The final paragraph of the Abstract 
includes the following statement: ‘Thus, either in supposing Nature wise and 
good, an argument is formed in confirmation of the theory, or, in supposing the 
theory to be just, an argument may be established for wisdom and benevolence to 
be perceived in nature.’ Hutton’s theory ran counter to the belief then widely held 
that the present world was created by a divine being, fully populated by animal 
and plant life, at a time that could be measured by human records.

“Hutton makes few references in the Abstract to the evidence on which he bases 
his theory. This is discussed in detail in his 1788 paper” (DSB).

“As revealed in 1785, Hutton’s theory was less impressive than it might otherwise 
have been. At a time when original thought was expected to be elegantly phrased, 
when thinkers were evaluated also as writers, Hutton had written badly. Though 
a strict logician, he was almost entirely innocent of rhetorical accomplishments. 
More specifically, Hutton did not know how to construct expository paragraphs. 
Instead he wrote crabbedly, sentence by sentence, making the development of 
his thought rather hard to follow. Significantly hampered as well by the lack of a 
developed geological vocabulary (a cultural accomplishment not yet in existence) 

he was only moderately successful at explaining what he saw. In too many cases, 
moreover, Hutton slighted empirical evidence to favour philosophical assertion. 
Utilising habitually dichotomous logic he contrasted past with present, the hu-
man record with natural history, land with sea, natural with supernatural, con-
solidation with dissolution, solution with fusion, water with heat, purpose with 
chance, good with evil, design with chaos, ends with means, and the general with 
the particular. Despite the field evidence from which much of it derived, there-
fore, Hutton’s theory appeared to his first hearers as very much a philosophical or 
even theological exercise …

“The result of Hutton’s first public presentation of his theory was that he became 
somewhat concerned about its religious implications. When it had been accepted 
for publication in the not yet emergent Transactions of the new society, Hutton 
thought to allay the theological suspicions of his opponents by separating his ex-
position with a preface written in July 1785 …

“Clearly not at ease with his intended preface, he sent it for comment to a ju-
dicious friend William Robertson, principal of Edinburgh University, whose 
beautifully written historical studies (which made him famous) stressed general 
ideas in a way no doubt agreeable to Hutton. Robertson also opposed religious 
bigotry and distrusted religious enthusiasm while advocating, like Hutton, the 
same optimism regarding creation’s essential rightness … Robertson was fond of 
‘skimming his friends talk and giving it back to them in polished paraphrase.’ He 
ran true to form in this instance, presenting Hutton a more urbane version of his 
remarks designed to save the geologist from both stylistic and religious criticism” 
(Dean, pp. 18-22).

Dean believes that the published version of the Abstract was, in fact, written by 
Robertson, working from Hutton’s manuscript (which is now lost). “Alluding to 
unspecified peculiarities, E. B. Bailey suggested in 1967 that Hutton did not write 
his own abstract. ‘The geology is the geology of Hutton,’ he claimed, ‘but the voice 
is the voice of Playfair.’ In his 1972 DSB entry on Hutton, however, V. A. Eyles 
rejected Bailey’s contention as unnecessary. After routinely agreeing with Eyles 
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for years, I later undertook a detailed stylistic analysis of Hutton’s verbal charac-
teristics (including syntax, grammar and vocabulary) in his ‘Theory’ of 1788, then 
did the same with his ‘Abstract.’ Though completed within a year of each other, 
they are in some respects highly dissimilar. A large number of words, phrases, 
constructions and rhetorical techniques in the ‘Abstract’ clearly do not belong to 
Hutton, though others do.

“Stylistically, the relationship of Hutton’s ‘Theory’ to his ‘Abstract’ is remarkably 
like that between the original preface and William Robertson’s elegant redaction 
of it. The ‘Abstract,’ moreover, often seems more akin to Robertson’s version of the 
‘Preface’ than to ‘Theory’ or any other of Hutton’s works. I now believe, therefore, 
that the ‘Abstract’ was also paraphrased by Robertson (it is definitely not by Play-
fair) from Hutton’s original draft and that Hutton preferred the new version to his 
own” (ibid., pp. 275-6).

Dean, James Hutton and the History of Geology, 1992. Eyles, ‘A Bibliographical 
Note on the Earliest Printed Version of James Hutton’s Theory of the Earth, its 
Form and Date of Publication,’ Journal of the Society for the Bibliography of Natu-
ral History, 3 (1955), pp. 105-108 (this gives the evidence establishing the author-
ship and date of publication of the Abstract, which was issued anonymously and 
undated).
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EXTRATERRESTRIAL LIFE
HUYGENS, Christiaan. Koσμoθɛωρoς, sive, De terris coelestibus: earumque 
ornatu conjecturae. Ad Constantinum Hugenum, fratrem. The Hague: Adriaan 
Moetjens, 1698.

$14,000

4to (200 x 156mm), pp. [ii], 144, with six engraved plates (numbered 1-5, plate 4 in 
two states, five folding). Printer’s device on title page, printer’s headpiece, engraved 
initials, ruled in red throughout. Contemporary calf, covers ruled in gilt, spine richly 
gilt with black morocco lettering-piece, all edges gilt (capitals neatly restored).

First edition, an exceptional copy, ruled in red throughout and in a richly deco-
rated contemporary binding, of Huygens’s posthumously published final work, 
in which he expounds his theories about the possibility of life on other planets, 
linking them to Copernican thought: “A man that is of Copernicus’s opinion, that 
this Earth of ours is a planet, carried round and enlightened by the Sun, like the 
rest of them, cannot but sometimes have a fancy, that it’s not improbable that the 
rest of the planets have their dress and furniture, nay and their inhabitants too as 
well as this Earth of ours” (pp. 1-2 of the English translation, 1698). “Presented as 
a letter to his brother Constantijn and written in Latin, the Kosmotheoros consists 
of two books, containing a discussion of the possibility of life on other planets, 
an overview of the Copernican system, a critique of Cartesian vortex cosmology, 
and several new (and revolutionary) calculations concerning the measurements 
of the planets and the solar system … Not only do the conjectures on the plu-
rality of worlds make use of his older work on probability and astronomy, the 
Kosmotheoros is Huygens’ only work that offers a comprehensive philosophical 
framework to his mechanical worldview, and consequently his scientific achieve-
ments” (van der Schoot). “In the second part of Cosmotheoros, Huygens discussed 
the different movements of the heavenly bodies and how they must appear to the 
inhabitants of the planets. He took the occasion to mention new advances in as-
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tronomy. He compared the intensity of light from various heavenly bodies – thus 
making the first attempt at photometry. In contrast to most other Huygensian 
writings, Cosmotheoros has had wide appeal and a broad readership, and has been 
translated into several languages” (DSB). This first edition is surprisingly scarce in 
commerce: ABPC/RBH list only seven other copies in the past 50 years.

The question of whether other celestial bodies could be inhabited, or the ‘plurality 
of worlds’, was already discussed by the pre-Socratic philosophers, from Thales 
to Democritus. Plutarch, in his treatise De facie in orbe Lunae (1st century AD), 
established that the Moon is a second Earth and discussed whether it is habitable. 
But the discoveries made possible by the telescope, early in the seventeenth cen-
tury, spurred a new fascination with what has been called “the modern scientific 
moon voyage.” Johannes Kepler, the father of modern astronomy, left at his death 
a vision of serpentine moon creatures, Somnium (1634), and John Wilkins, one 
of the founders of the Royal Society, wrote an influential fantasy, The Discovery 
of a New World; or, A Discourse tending to prove, that it is probable there may be 
another Habitable World in the Moon (1638). The most systematic early account 
of extraterrestrial life, however, was Christiaan Huygens’s Cosmotheoros. Huygens 
opens his work with a criticism of those of Kepler and Wilkins, and of Athanasius 
Kircher’s Ecstatic Journey (1660), which excluded the possibility of extraterrestrial 
life.

“The first book of the Kosmotheoros offers an extensive argumentation in support 
of the existence of a plurality of worlds in the planets. Through a series of ‘prob-
able conjectures’, Huygens presents his thoughts on how these planetary inhab-
itants might look, how they might live, and what they might believe and know. 
According to Huygens, Copernican astronomy demonstrates the astronomical 
similarity between the Earth and the other planets in the solar system. Moreover, 
the development of the telescope has made it possible to observe the physical re-
semblance of Earth to the celestial bodies, which appear to have hills, mountains, 
seas, and clouds. Huygens therefore argues that it is possible to theorize about life 
on the planets in analogy to the world we see around us. He legitimizes this by 
drawing on his epistemological ideas about the vital role of probability and the 

absence of absolute certainty in the study of nature in general, concluding that 
‘enough material is available for probable conjectures’. This argument reflects an 
important departure from the rationalistic and mechanistic philosophy of Des-
cartes, which Huygens had supported in his early work, i.e. that the study of na-
ture deals not with absolute certainties, but with degrees of probability: ‘in such 
noble and sublime studies as these, it is a glory to arrive at probability, and the 
search itself rewards the pain’. 

“Despite the importance of astronomical evidence and a method based on prob-
ability and analogy, the argument for planetary life is ultimately based on a dif-
ferent type of reasoning. Huygens uses a teleological argument to defend that 
the planets are not just created for the sake of mankind, but must all have their 
own inhabitants: “Since then the greatest part of God’s creation, that innumerable 
multitude of stars, is placed out of the reach of any man’s eye; […] is it such an un-
reasonable opinion, that there are some reasonable creatures who see and admire 
those glorious bodies at a nearer distance?”

“With the formulation of this analogical method, Huygens has laid out the pro-
gram for the first book. The argument is repeated time and again as Huygens 
discusses many different aspects of planetary life: since our planet is found to 
be solid, we can assume that the planets are solid; since our planet has an atmo-
sphere, we can assume that the planets have an atmosphere as well; since life exists 
on earth, we can assume that life exists on the other planets; since our planet hosts 
intelligent life, we can assume that other planets do so as well; since humankind 
builds houses, we can assume that planetary intelligent inhabitants build houses 
too; and since we know geometry, we can assume that the planetary inhabitants 
do so too” (van der Schoot).

“In the second of the two books making up his treatise, he scrutinizes astronom-
ical observations related to life elsewhere. An analysis of his arguments reveals, 
however, that whereas his evidences against life on the moon are detailed and 
nearly decisive, the empirical support he finds for life on the planets is slim. For 
example, he infers that spots seen on Jupiter are clouds and, as such, evidences 
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of water, although he departs from his stress on uniformity by suggesting that 
different forms of water may exist on the various planets. His empirically based 
attribution of a thick “Atmosphere surrounding Venus” is one of the anticipations 
of modern results credited to Huygens, but he leaves unanswered the problem 
of how his Venusian astronomers would overcome this obstacle to observation. 
He recognizes the excessive heat brought by the sun to the inner planets and the 
deficiency in heat for the more remote planets, but he says little in explanation 
of how their inhabitants adjust to these conditions. In short, much of his com-
mendable presentation of observation is contrary or irrelevant to planetary life. 
He fares better in discussing life beyond our solar system. One cannot but praise 
his attempt to estimate the distance of the stars from an analysis of how far our 
sun would have to be removed to make it comparable in brightness to Sirius; 
this he capably uses to urge that our failure to detect planets around stars is to be 
expected. Huygens falls somewhat into overstatement in his claim that “all the 
greatest Philosophers of our Age … have the Sun of the same nature as the fix’d 
Stars,” and he uses a weak form of argument in asking “why may not every one of 
these Stars or Suns have as great a retinue as our Sun, of Planets, with their Moons 
…?” Nonetheless, the first of these ideas was gaining ever-increasing acceptance, 
and the second was not far behind.

“In assessing the scientific character of Huygens’s Cosmotheoros, a crucial con-
sideration is how he presented his conclusions. In this regard, he deserves high 
praise; conjectures abound, but conjectures they are labelled and their relative 
probabilities assessed. This feature of his book goes far to justify it as a scientific 
treatise, especially in the context of the hypothetico-deductive methodology of 
science championed by Huygens in the preface to his classic Treatise on Light.

“One of the least known but most important influences of Huygens’s Cosmothe-
oros involved England’s Royal Astronomer, John Flamsteed, who recommended 
the Cosmotheoros to the vicar of Greenwich, Archdeacon Thomas Plume (1630-
1704). Plume’s fascination with it led him to bequeath 1,902 pounds to Cam-
bridge University to “erect an observatory and to maintain a professor of astron-
omy and experimental philosophy, and to buy or build a house with or near the 
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same.” Thus came to be established the Plumian professorship of astronomy at 
Cambridge, a position held by some of the most distinguished astronomers of 
modern times” (Crowe, pp. 21-22).

“Huygens did not believe that complete certainty could be achieved in the study 
of nature, but thought that the philosopher must pursue the highest degree of 
probability of his theories. Clearly Huygens considered this degree to be adequate 
in the case of his explanations of light and gravity. It is difficult for the historian 
to assert how plausible, in comparison with those explanations, Huygens con-
sidered his theories about life on other planets and about the existence of beings 
comparable to man … The argument of the book is very methodically set forth, 
and its earnestness suggests that Huygens did indeed assign a very high degree of 
probability to these conjectures. Huygens’ reasoning is that it is in the creation of 
life and living beings that the wisdom and providence of God are most manifest. 
In the Copernican world system—which is sufficiently proved as agreeing with 
reality—the earth holds no privileged position among the other planets. It would 
therefore be unreasonable to suppose that life should be restricted to the earth 
alone. There must be life on the other planets and living beings endowed with 
reason who can contemplate the richness of the creation, since in their absence 
this creation would be senseless and the earth, again, would have an unreasonably 
privileged position” (DSB).

Although Huygens first planned to write this work in French, he later decided to 
publish it in Latin instead. He finished the manuscript in January 1695 and wrote 
to Constantijn that he had also found a publisher. On 4 March he wrote to Con-
stantijn that the first page had already been printed but that the printer had not 
progressed any further. However, Christiaan’s health was rapidly deteriorating 
and on 8 July he passed away. In his last will, drawn up on 23 March, he requested 
Constantijn to see to it that his book was published. Unfortunately, Constanti-
jn’s duties as secretary to the stadholder-king William III often necessitated his 
presence in London and the printing of the book progressed slowly. Constantijn 
too passed away (on 12 November 1697) before it was finished and the last stages 
of the printing were overseen by the Leiden professor of mathematics and phys-

ics Burchard de Volder. “Within a few years after the publication of the Latin 
edition by bookseller Adriaan Moetjens in The Hague in 1698, under the full 
title Koσμoθ̧ωρoς, sive De Terris Coelestibus, earumque ornatu, conjecturae, the 
book was translated into English, Dutch, French and German. The Kosmotheoros 
remained popular and was reprinted many times throughout the eighteenth cen-
tury. In 1717 even a Russian translation was published, personally commissioned 
by Peter the Great, although the publication was not uncontroversial and the Kos-
motheoros was apparently considered a ‘Satanic perfidy’ by its unwilling Russian 
publisher” (van der Schoot).

“One of the earliest attempts to determine the intensity of light was from Huygens, 
who in the 17th century had tried to compare the brightness of the sun and that 
of the star Sirius. Huygens used a long tube with an adjustable aperture at the far 
end of the instrument. To make the comparison, he first pointed the tube to the 
sun and observed a diminished sunlight by reducing the size of the aperture. He 
then waited until the evening and pointed the tube to the star. Through adjusting 
the size of the aperture, he obtained a starlight with the same brightness as that 
of the sunlight. The intensity ratio of the sun and that of the star was in inverse 
proportion to the area ratio of the two openings (Huygens, 1698)” (Buchwald & 
Franklin, p. 163). 

DSB VI, 611; Thorndike VII, 634 ff.; Roller-Goodman I, 575; Honeyman 1731; 
Bierens de Haan 2226; Winter, Compendium Utopiarum I, p. 67. Jed Z. Buchwald, 
A. Franklin (eds.), Wrong for the Right Reasons, 2006; Michael J. Crowe, The Ex-
traterrestrial Life Debate 1750-1900: The Idea of a Plurality of Worlds from Kant 
to Lowell, 1986; Joas van der Schoot, ‘Interpreting the Kosmotheoros (1698). A 
historiographical essay on theology and philosophy in the work of Christiaan 
Huygens,’ De Zeventiende Eeuw. Cultuur in de Nederlanden in interdisciplinair 
perspectief 30 (2014), pp. 20–39.
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THE WAVE THEORY OF LIGHT
HUYGENS, Christiaan. Traité de la lumière. Ou sont expliquées les causes de 
ce qui luy arrive dans la reflexion, & dans le refraction, et particulièrement, dans 
l’étrange refraction du cristal d’Islande … Avec un discours de la cause de la pesan-
teur. Leiden: Pieter van der Aa, 1690.

$55,000

4to (202 x 160 mm), pp. [viii], 124, [2], 125-128, [2], 129-180, general title printed 
in red and black, woodcut device on both titles, 89 woodcut diagrams in the text (a 
little browned and spotted throughout). Contemporary mottled calf, gilt spine with 
red morocco lettering piece (joints and corners repaired).

First edition, probable second issue with Huygens’s full name on title, of Huygens’ 
path-breaking exposition of his wave or pulse theory of light. Huygens had devel-
oped his theory of light in 1676 and 1677, and “completed the Traité in 1678, but 
left it unpublished for twelve years, until stimulated by the appearance of Isaac 
Newton’s Principia(1687) and by a visit with Newton in 1689. Huygens conceived 
of light as an irregular series of shock waves or pulses proceeding with very great 
but finite velocity through the ether, a medium consisting of uniformly minute, 
elastic particles pressed closely together. Using the ether as the medium of light 
wave propagation, he showed that all points of a wave front originate partial 
waves, and thereby generate further wave motion; light, therefore, consists not of 
a transference of matter, but rather of a ‘tendency to move’” (historyofinforma-
tion.com). Huygens was able to explain reflection and refraction using this theory, 
of which he became completely convinced in August, 1677, when he found that it 
explained the double refraction in Iceland spar. But he could not explain the phe-
nomenon of polarization, which he discovered. In the second part of the work, 
the Discours de la cause de la pesanteur, written in 1669, Huygens expounded his 
vortex theory of gravity, a purely mechanistic theory that contrasted markedly 
with Newton’s notion of a universal attracting force intrinsic to matter. Indeed, 
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Huygens added to the original treatise of 1669 a review of Newton’s theory, reject-
ing it out of hand because of the impossibility of explaining it by any mechanical 
principle or law of motion. Huygens’ work fell into oblivion during the following 
century, but his theory of light was confirmed at the beginning of the 19th century 
by Thomas Young, who used it to explain optical interference, and by Jean-Au-
gustin Fresnel a few years later. Modern quantum physics has reconciled Newton’s 
and Huygens’ theories in discerning both corpuscular and wave characteristics 
in the properties of light. There are two issues of the Traité, one with the author’s 
initials on the title, identified by Norman as the probable first issue, and another 
with Huygens’ name in full on the title (as here). Most of the large paper presen-
tation copies, including those of Horblit and Norman and those given by Huygens 
to Newton and Locke, are in the first state, but the Macclesfield large paper copy 
was in the second state – the Macclesfield catalogue notes that the second state 
title is not a cancel, so the whole of the first gathering must have been reprinted. 

Provenance: Lemery (black stamp on endpaper); Jules Violle (blue stamp on same 
endpaper); Librairie Thomas-Scheler (label on another endpaper); Landmarks of 
Science & Medicine from the Library of Andras Gedeon.

“Light, according to Huygens, is an irregular series of shock waves which pro-
ceeds with very great, but finite, velocity through the ether. This ether consists of 
uniformly minute, elastic particles compressed very close together. Light, there-
fore, is not an actual transference of matter but rather of a ‘tendency to move,’ a 
serial displacement similar to a collision which proceeds through a row of balls. 
Because the particles of the ether lie not in rows but irregularly, a colliding par-
ticle will transfer its tendency to move to all those particles which it touches in 
the direction of its motion. Huygens therefore concluded that new wave-fronts 
originate around each particle that is touched by light and extend outward from 
the particle in the form of hemispheres. Single wave-fronts originating at single 
points are infinitely feeble; but where infinitely many of these fronts overlap, there 
is light – that is, on the envelope of the fronts of the individual particles. This is 
‘Huygens’ principle’.

“About 1676 Huygens found the explanation of reflection and refraction by means 
of this principle; his theory connected the index of refraction with the velocities 
of light in different media. He became completely convinced of the value of his 
principle on 6 August 1677, when he found the explanation of the double refrac-
tion in Iceland spar by means of his wave theory …

“Although the completeness of Huygen’s analysis is impressive, he was unable to 
comprehend the effect that we now recognize as polarization, which occurs if the 
refracted ray is directed through a second crystal of which the orientation is var-
ied. Huygens described this effect in his first studies on the crystal, but he could 
never explain it. These results are included in the Traité de la lumiére, which was 
completed in 1678; Huygens read parts of it to the Academy in 1679” (DSB).

Huygens’ “entire theory is actually devoted to the description of the motion of a 
pulse through elastic media. Since such a kinematic approach would hardly be 
conceivable without a finite speed of propagation, Huygens opens the Traité by 
presenting Roemer’s observations establishing a finite speed of light and rejecting 
Descartes’ ‘incomprehensible’ view that it is infinite. He proceeds to construct 
what appears to be a conventional billiard-ball model of the aether, but the model 
gradually vanishes and only the kinematic requirements remain. Drawing upon 
his earlier investigations of impact, Huygens sets just a single condition upon 
the aether for it to serve for the propagation of light, namely, that it consists of 
elastic particles. He is then able to show that the velocity of light will be finite and 
uniform (or independent of the strength of the source) and that the principle 
of superposition will hold, for in collisions of elastic bodies ‘one and the same 
particles of matter can serve for many waves coming from different directions.’ 
Huygens then uses his billiard-ball aether to motivate his most brilliant contri-
bution to optics, ‘Huygens’ principle’ … [which] consist of three assumptions: (i) 
each point of the wave front is the centre of particular waves; (ii) the wave front 
is determined by the common tangent to the extremities of these wavelets; (iii) 
the particular waves are perceptible only at their common tangent. All this is 
kinematically equivalent to defining a wave-front as the locus of points reached 
by a disturbance in a given time. This concept is the culmination of 17th-century 
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attempts, beginning with Hobbes and proceeding through Hooke, Pardies and 
Ango, to describe the motion of a pulse or wave through optical media …

“In the remainder of the work Huygens applies the principles laid down in the 
opening chapter to explain phenomena of increasing complexity. He first treats 
the elementary problems of reflection and refraction of plane waves at plane sur-
faces, and then refraction in inhomogeneous media such as the atmosphere. In 
the final two chapters he moves to the level of sophisticated mathematical phys-
ics. In the last chapter he elegantly solves the problem of the relation of the wave 
theory to geometrical optics by means of the mathematics of evolutes and invo-
lutes and relates the solution to the caustic. These results were at the forefront of 
contemporary mathematical physics. To explain the two refractions of Iceland 
crystal – the one obeying the ordinary laws of refraction and the other behaving 
in a totally extraordinary way – he assumed that two sets of particular waves 
were generated: one the usual spherical waves and the other spheroidal. From 
experiment he was able to determine the parameters and orientation of the spher-
oids. He then presented experimental confirmation including one prediction of a 
previously unknown phenomenon. Huygens referred to his explanation of dou-
ble refraction as his experimentum crucis, and in an historical sense it was. The 
concept of particular waves could be confirmed only in double refraction, for all 
of the other phenomena treated by Huygens could be explained otherwise. Every-
one who accepted ‘Huygens’ principle’ did so because of his experimentum crucis, 
and even Newton, who rejected Huygens’ theory, knew that he had to launch a 
direct attack on double refraction …

“One key to Huygens’ success was the limited range of phenomena that he at-
tempted to explain. He did not treat diffraction, interference, colour, or even po-
larisation, which he had discovered. Huygens was able to overcome the rampant 
conjectural aspect of Cartesian natural philosophy while remaining loyal to the 
mechanical philosophy by basing his theory on general hypotheses that were 
mathematically and experimentally tractable, and independent of the invisible 
structure of matter” (Shapiro, pp. 230-2).
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“Huygens’ explanation of gravity developed the ideas of Descartes. He presup-
posed a vortex of particles of subtler matter to be circling the earth with great 
velocity. Because of their circular movement these particles have a tendency (co-
natus) to move away from the earth’s center. They can follow this tendency if 
ordinary bodies in the vortex move toward the center. The centrifugal tendency 
of the vortex particles thus causes a centripetal tendency in ordinary bodies, and 
this latter tendency is gravity. The space which a body of matter vacates, under the 
influence of gravity, can be taken by an equal quantity of subtle matter. Hence the 
gravity of a body is equal to the centrifugal conatus of an equal quantity of subtle 
matter moving very rapidly around the earth.

“This argument led Huygens to study centrifugal force in 1659. In his investiga-
tions he proved the similarity of the centrifugal and the gravitational conatus, 
a result that strengthened his conviction of the validity of the vortex theory of 
gravity. The study also enabled him to work out this theory quantitatively, since 
given the radius of the earth and the acceleration of gravity he could calculate the 
velocity of the particles; he found that they circle the earth about seventeen times 
in twenty-four hours.

“Huygens developed this theory further in a treatise presented to the Academy 
in 1669. Since the cylindrically symmetrical vortices posited by Descartes could 
explain only gravity toward the axis, Huygens imagined a multilaterally moving 
vortex – in which the particles circle the earth in all directions – by which a truly 
centrally directed gravity could be explained. The particles are forced into circular 
paths because the vortex is held within a sphere enveloping the earth, and bound-
ed by ‘Other bodies,’ such that the particles cannot leave this space. The boundary 
of the gravitational vortex was supposed to be somewhere between the earth and 
the moon, because Huygens thought the moon to be carried around the earth by a 
uniaxial vortex (the so-called vortex deferent). Later, convinced by Newton of the 
impossibility of such vortices, he supposed the gravity vortex to extend beyond 
the moon.

“Galileo’s law of falling bodies requires that the acceleration which a falling body 

acquires in a unit of time be independent of the velocity of the body. This inde-
pendence is the greatest obstacle for any mechanistic explanation of gravity, for 
the accelerations must be acquired during collisions, but the change of velocity of 
colliding bodies is dependent on their relative velocities. On this problem Huy-
gens argued that, because the velocity of the vortex particles is very great with 
respect to the velocity of the falling body, their relative velocity can be considered 
constant. Thus, in effect he argued that Galileo’s law of falling bodies holds only 
approximately for small velocities of the falling body.

“Huygens never discussed the fundamental question raised by this explanation 
of gravity – namely, how, by means of collisions, a centrifugal tendency of the 
particles of the subtle matter can transfer a centripetal tendency to heavy bodies.

“In the Discours, the treatise of 1669 is reiterated almost verbatim, but Huygens 
added a review of Newton’s theory of gravitation, which caused him to revise his 
own theories somewhat. He resolutely rejected Newton’s notion of universal at-
traction, because, as he said, he believed it to be obvious that the cause of such an 
attraction cannot be explained by any mechanical principle of law of motion. But 
he was convinced by Newton of the impossibility of the vortices deferentes, and he 
accepted Newton’s explanation of the motion of satellites and planets by a force 
varying inversely with the square of the distance from the central body. Accord-
ing to Huygens, however, this gravity is also caused by a vortex, although he did 
not dwell on the explanation of its dependence on the distance” (DSB).

Shapiro suggests that the Traité was published in the vernacular, rather than in 
Latin like most of Huygens’ other books and papers, because he regarded it as an 
incomplete or imperfect work, owing to his inability to account for the phenom-
enon of polarization. This may also explain why Huygens’ full name does not ap-
pear on the first issue. Newton adopted the same strategy (copied from Huygens?) 
in his Opticks (1704) – a work also first published in the vernacular and on which 
his name does not appear.

Dibner 145; Horblit 54; Norman 1139; Sparrow 111; Evans 32; En français dans le 
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texte 25. Shapiro, ‘Huygens’ ‘Traité de la Lumière’ and Newton’s ‘Opticks’: pursu-
ing and eschewing hypotheses,’ Notes and Records of the Royal Society of London 
43 (1989), pp. 223-247. 
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EXTRAORDINARY SAMMELBAND OF 
SIX RARE WORKS BY KEPLER - 
INCLUDING SOMNIUM, 
HIS ‘VOYAGE TO THE MOON’
KEPLER, Johannes. Somnium, seu opus posthumum de astronomia lunari. Divul-
gatum a Ludovico Kepplero filio. Sagan and Frankfurt: for the heirs of the author, 
1634. [Bound with:] Ad epistolam … Jacobi Bartschii … praefixam Ephemeridi 
in annum 1629 responsio: De computatione et editione ephemeridum. Sagan [i.e., 
Görlitz?]: Typis Saganensibus, 1629. [Bound with:] Admonitio ad astronomos, re-
rumque coelestium studiosos, de raris mirisq (ue) anni 1631 ... iterumq (ue) edita à 
Jacobo Bartschio. Frankfurt: Gottfried Tambach, 1630. [Bound with:] Chilias loga-
rithmorum ad totidem numeros rotundos, praemissa demonstration legitima ortus 
logarithmorum eorumque usus … [– Supplementum]. Marburg: Caspar Chemlin, 
1639/25. [Bound with:] De vero anno quo aeternus dei filius humanam naturam in 
utero benedictae virginis Mariae assumpsit. Prius Teutonica lingua edita, nunc ad 
exterorum petitionem in Latinam linguam translata; & responsionibus ad obiecta 
Sethi Calvisii nuperrima locupletata … Frankfurt: Johann Bringer, 1614. [Bound 
with:] Eclogae chronicae ex epistolis doctissimorum aliquot virorum, & suis mutuis, 
quibus examinantur tempora nobilissima … Frankfurt: Gottfried Tambach, 1615. 
: , 1614-1639.

$250,000

Six works in one vol., 4to (205 x 170mm). I. De vero anno, pp. [ii], 179, wood-
cut printer’s device on title (unimportant ink stains on pp. 172-174); II. Eclogae, 
pp. [viii], 215 (the oversized table on p. 111 cropped in fore-margin as usual with 
slight loss of text); III. Chilias logarithmorum, pp. 55, [56-108]; [2], 113-116, [2], 
121-216, with one folding table and numerous woodcut diagrams in text (marginal 
paper fault on p. 193); IV. Somnium, pp. [iv], 182, [2, Catalogus thematum], with 
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6 woodcut diagrams and illustrations in text; V. Admonitio ad astronomos, pp. 14, 
[2]; VI. Ad epistolam Jacobi Bartschii, pp. 11 (overall some browning, but mostly 
light and much less than is usually the case with these works). Contemporary vellum 
(slight soiling, upper corner of front free endpaper excised). A beautiful copy.

An extraordinary sammelband, with a remarkable provenance, containing six 
rare works by Kepler, including the first edition of Somnium, Kepler’s imaginary 
voyage to the moon, in which he utilizes the motions of the planets as they would 
be seen from the moon to argue for the Copernican system, and gives a remark-
able description of the appearance of the earth as seen from the moon – this is 
Kepler’s rarest major work. “At Sagan, Kepler finally began to print a short book 
whose beginnings went back to his school days at Tübingen: his Somnium, seu 
astronomia lunari. The ‘Dream’ is a curiously interesting tract for two reasons. 
First, its fantasy framework of a voyage to the moon made it a pioneering and 
remarkably prescient piece of science fiction. Second, its perceptive description 
of celestial motions as seen from the moon produced an ingenious polemic on 
behalf of the Copernican system” (DSB). In The Dream, a young traveller lands 
on the Moon to find that lunar beings believe Earth revolves around them – from 
their cosmic vantage point, the Earth rises and sets against their firmament, 
something reflected even in the name they have given Earth: Volva. Kepler chose 
the name to emphasize the fact of Earth’s revolution – the very motion that made 
Copernicanism so dangerous to the dogma of cosmic stability. Kepler suggests 
that our own certitude about Earth’s fixed position in space is just as misguided 
as the lunar denizens’ belief in Volva’s revolution around them. The final part 
of the work is Kepler’s translation of, and commentary on Plutarch’s fantasy on 
the face of the moon. Kepler wrote Somnium in 1609, circulating it in manu-
script form. Some 20 years later he added the dream framework and wrote the 
223 notes, but it was only published after his death in 1630. Most of the book was 
printed in Sagan, whilst the title and dedication (by Kepler’s son) were printed in 
Frankfurt. Bound here with the Somnium are five other works by Kepler: the first 
edition of his Letter to Jacob Bartsch, which resulted in their joint production of 
the Ephemerides – this work is an important biographical source for Kepler’s life 
and final years; the second edition of Admonitio ad astronomos, Kepler’s correct 

prediction of the transits of Mercury and Venus across the face of the Sun in 1631; 
the second edition of Chillias logarithmorum (differing from the first in only the 
first two leaves), containing Kepler’s original construction of logarithmic tables 
which enabled him to complete the Tabulae Rudolphionae; and two works de-
voted to the issue of establishing a correct chronology of events described in the 
Holy Scriptures, the first edition of Eclogae chronicae and the first Latin edition of 
De vero anno. Caspar records twenty-two copies of the Somnium in German and 
Swiss libraries, the smallest number in his census for any major work of Kepler. 
Only three copies of the Somnium have appeared at auction in the last 40 years, of 
which only one was in a contemporary binding (the Richard Green copy, Sothe-
by’s, November 17, 1988, lot 12, $92,500).

Provenance: Title of the first-bound work, De vero anno, with two notes in ink: 
‘Ex bibl. Nic. Heinsii / Frid. Ben. Carpzov / Lugduni Bat. 1683’ and ‘Ex auctio-
ne Carpzoviana / JPW A = 1700’. The first identifiable owner of the anthology 
was the Dutch classical scholar and poet Nicolaas Heinsius the Elder (1620-81), 
who spent several years in Stockholm at the court of Queen Christina. He as-
sembled one of the largest private libraries in Europe, comprising some 13,000 
books. The present sammelband is listed as no. 139 in Heinsiana, sive catalogus 
librorum … (Leiden, 1682), p. 220. The Leipzig lawyer and councilor Friedrich 
Benedict Carpzov the Elder (1649-99), who was co-editor of the Acta Erudito-
rum, assembled a large library which was auctioned after his death. The present 
sammelband is listed as no. 118 in the auction catalogue Bibliotheca Carpzoviana 
(Leipzig, 1700), p. 442 – it was sold for 2 talers, 19 groschen.

“When Kepler was enrolled at Tübingen University, the students there were re-
quired to compose a number of dissertations or disputations. One such compo-
sition written by Kepler in 1593 dealt with the following question: How would 
the phenomena occurring in the heavens appear to an observer stationed on the 
moon? Kepler had hit upon this ingenious device in an effort to overcome the 
deep-rooted hostility to the Copernican astronomy. According to Copernicus the 
earth moves very swiftly. But the people who live on the earth do not see or hear 
or feel this movement. Yet they can watch the moon perform various motions. 
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These lunar motions, however, will escape detection by an observer located on 
the moon for the simple reason that he would be participating in those motions. 
Since the lunar motions would not be apparent to an observer there, by the same 
token the terrestrial motions are not noticed by observers here. This seems to 
have been the basic theme of Kepler’s 1593 dissertation.

“It was never presented as a Tübingen disputation, however, because Veit Müller, 
the professor in charge of those academic exercises, was so unalterably opposed 
to Copernicanism that he refused to permit Kepler’s theses to be heard. This re-
buff did not dishearten the young student to the point of tearing up his work in 
disgust and throwing it away. On the contrary he kept it and bided his time until 
he would no longer be under the control of a reactionary and unsympathetic 
professor. This earliest draft has not survived – it was not mentioned in the first 
catalogue of Kepler’s manuscripts.

“That earliest draft was apparently left undisturbed for 16 years, during which all 
sorts of things happened to Kepler, both good and bad. Among the good things 
was his appointment as Imperial Mathematician. In this capacity he lived in 
Prague, which was then the capital of the Holy Roman Empire. There he became 
friendly with Wackher von Wackenfels, an official whose hobby was astronomy. 
The two friends frequently debated a variety of scientific questions, sharply but 
amicably. As a consequence of such good-natured disagreement, Kepler pulled 
his 1593 student dissertation out of a drawer and resumed work on it after a lapse 
of 16 years. 

“In a public letter he remarked: ‘Last summer we engaged in these discussions to 
such an extent … that … I even founded a new astronomy, as it were, for those 
who live on the moon and, to put it plainly, a sort of lunar geography.’ Kepler’s 
‘lunar geography’, as he calls it here, was written in 1609, since the public letter 
containing the remarks just quoted about ‘last summer’ bears the date April 19, 
1610 …

“He devised the Dream framework in order to introduce a supernatural agency for 
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the purpose of transporting a professional astronomical observer to the moon. A 
manuscript copy of this second stage was taken from Prague in 1611 and involved 
Kepler in the serious trouble which he recalls in Note 8 on the Dream. When that 
trouble finally came to an end, Kepler decided to have the work printed so that 
everybody could see how maliciously his adversaries had mininterpreted it while 
it was in manuscript. Having decided to publish the book, Kepler proceeded to 
add 223 explantory notes which are almost three times as long as the whole text 
of the Dream proper …

“The trouble which Kepler recalls in his Note 8 was the legal prosecution of his 
mother on charges of witchcraft. The poor old woman was saved from being put 
to death, in all probability, only by the steadfast and skilful intervention of her de-
voted son, the Imperial Mathematician. Having obtained his mother’s acquittal, 
Kepler went home to Linz, where he was then living, in November 1621. He wrote 
to his friend Matthias Bernegger (1581-1640), on December 4 1623: ‘Two years 
ago, as soon as I returned to Linz, I began to recast my Lunar Astronomy, or rather 
to clarify it by means of notes’ … [He later used this letter] as the Geographical 
Appendix to the Dream; his Notes on the Geographical Appendix were apparent-
ly composed after he moved to Silesia in 1628. 

“In the final version of the Dream, therefore, we have a document in which, as 
though it were his swan song, Kepler reviewed the various phases of his long and 
turbulent life, and the successive stages in his intellectual development. Nowhere 
else in such brief compass is to be found Kepler’s own account of his stormy ca-
reer, one of the main pathways leading to that awesome force which is modern 
science” (Rosen, pp. xvii-xx). 

The following account of the ‘Dream’ is adapted from Christianson. It begins like 
a classical legend and relates the author’s ‘dream’ about the adventures of a young 
man, Duracotus, a native of Iceland. Duracotus’ mother, Fiolxhilde, supports 
both her son and herself by selling herbs, which have mysterious healing powers, 
to the sailors at a nearby port. One day, Duracotus cuts open a bag of herbs his 
mother intended to sell to a ship’s captain, scattering its contents on the ground. 

In a fit of anger Fiolxhilde sold her son to the captain in place of the lost herbs. 
The following day, the captain set sail for Norway but he stopped in Denmark to 
deliver a letter from a bishop in Iceland to Tycho Brahe. Duracotus became quite 
ill during the voyage, and he was put ashore when Tycho’s letter was delivered. 
The astronomer questioned the boy at some length, considered him to be quite 
intelligent, and undertook to train him in the science of astronomy.

After spending five years in Tycho’s company Duracotus took his master’s leave 
and sailed for home. Fiolxhilde expresses happiness over Duracotus’ acquaintance 
with the new science of the stars, and she confesses to her own special knowledge 
of the heavens and the fact that her teacher is none other than the ‘Daemon of La-
vania’ – the spirit of the moon. She then reveals her ultimate secret: it is possible, 
with the assistance of the Daemon, to travel to Lavania and, quite predictably, she 
asks her son to accompany her on just such a lunar voyage. Duracotus consents 
and as soon as the sun set below the horizon, and was in conjunction with the 
planet Saturn in the sign of the Bull, Fiolxhilde summoned the Daemon and seat-
ed herself next to her son who covered their heads with a blanket. Within a few 
moments the journey of ‘fifty thousand German miles’ had begun, up through the 
ethereal regions to the moon.

We are informed that the flight of four hours is ‘most difficult and fraught with the 
greatest danger to life.’ Only those who are slender of body are acceptable, thus 
ruling out most German males whose general corpulence was apparently dis-
tasteful to the slender Kepler. In jest Kepler carried the matter further by pointing 
out the Daemon’s preference for ‘dried-up old women, experienced from an early 
age in riding he-goats at night or forked sticks or threadbare cloaks.’ It was to 
prove a most costly joke for, as noted above, it later backfired on its author whose 
own mother was accused of practicing witchcraft by superstitious neighbours and 
nearly burned at the stake by the authorities.

The take-off for the moon hits the traveller as a severe shock, ‘for he is hurled 
just as though he had been shot aloft by gunpowder to sail over mountains and 
seas.’ In order to counteract what Isaac Newton would later define as the force of 
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gravity, the moon voyagers are put to sleep with the aid of opiates and their limbs 
are arranged in such a way that their bodies will not be torn apart by the force of 
acceleration.Since breathing is inhibited by the swift passage of extremely cold air 
through the nostrils, damp sponges are applied to the face. Within a short time 
the speed of flight becomes so great that the body involuntarily rolls itself up into 
a ball and ‘we are carried along almost entirely by our will alone, so that finally 
the bodily mass proceeds toward its destination of its own accord’: Kepler had 
introduced the concept of ‘inertia’ to the physical sciences and had extended its 
operation into the heavens.

Kepler anticipates another major obstacle to the moon voyager when he observes 
that we agreed not to begin ‘until the moon begins to be eclipsed on its eastern 
side. Should it regain its full light while we are still in transit, our departure be-
comes futile.’ In other words, Kepler knew that once outside the protective blan-
ket provided by the earth’s atmosphere, humans could not survive the resulting 
solar bombardment: the flight must begin at the critical moment when the sun 
is behind the earth or at a point directly opposite the point of take-off. During a 
lunar eclipse the earth’s shadow would provide the tunnel of darkness required to 
protect the vulnerable moon voyager; and it is not by accident that the maximum 
duration of such an eclipse is four and one-half hours, just one-half hour more 
than the duration of the voyage itself. A further indication of Kepler’s mastery of 
Copernican astronomy is his understanding that since the earth and the moon 
are both in motion, the shortest route to the latter would not be the straight line 
advocated by such ancient writers of mythology as Lucian, but a trajectory from 
earth to a point in space where the moon and the lunar voyagers would arrive 
simultaneously. Kepler possessed a keen grasp of the most serious obstacles to 
lunar flight and that even though those obstacles were beyond solution in terms 
of the technological equipment of his age, he believed it was at least theoretically 
possible – from a scientific point of view – for men to reach the moon. It is this 
attitude that sets Kepler apart from all the others who considered the possibility 
of lunar flight before him.

Upon reaching the surface of Lavania the voyagers are weary, but soon recov-
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er sufficiently to walk about. The Daemon immediately guides his charges to a 
cave in order to protect them from the penetrating rays of the rising sun. There 
they meet other daemons and have the opportunity to recuperate from the ef-
fects of their arduous journey before beginning a reconnaissance of the moon’s 
geography, flora, and fauna. They are informed by their spiritual hosts that Lava-
nia consists of two hemispheres: Subvolva and Privolva. Subvolva always has its 
Volva (Earth) above which corresponds to the earth’s satellite, the moon, while 
Privolva is forever deprived of the sight of Volva. Taken together, a night and a 
day on Lavania are equivalent to one month on earth providing alternating two-
week periods of intense, scorching heat followed by a cold unimaginable on this 
planet. The extremes of temperature in the Subvolvan hemisphere are mitigated 
to some extent because of Volva’s presence which has a moderating influence on 
the climate. Geographically, the surface of the moon possesses everything that is 
on earth, but on a grossly exaggerated scale: the mountains reach unbelievable 
heights while the fissures, valleys, and craters plunge to precipitous depths un-
known in the terrestrial realm.

Kepler’s powers of scientific deduction were matched by a fertile and realistic 
imagination when postulating biological conditions on the moon. Although he 
was trained as an astronomer and mathematician, Kepler was too good a scientist 
not to understand that the dual effects of the lunar climate and the irregular, hos-
tile terrain would produce plants and animals far different from those that inhabit 
the earth. He rejected the temptation, which others had not, of simply recreating a 
terrestrial civilization on the moon; for in Kepler’s Lavania there are no men and 
women, no civilization as he knew it. Thus nearly two centuries before Buffon, 
Lyell, and Darwin, Kepler had grasped the close interrelationship between life 
forms and their natural environment.

The ‘Dream’ itself concludes on p. 28. Pages 29-79 contain Kepler’s extensive justi-
fying notes, written between 1620 and 1630 and of considerable scientific interest. 
These are followed (pp. 80-96) by the ‘Appendix Geographica seu mauis, Selenog-
raphica’, a letter to Kepler’s friend the Jesuit Paul Guldin (1577-1643) with notes. 

The Somnium concludes (pp. 97-182) with Kepler’s translation, from the Greek 
text, of Plutarch’s ‘Concerning the Face that Appears in the Orb of the Moon,’ 
which probably dates from the end of the first century AD. “Plutarch’s treatise is 
something like an encyclopaedia of early astronomy, bypassing Aristotle’s mighty 
edifice but discussing some of Plato, even occasionally mentioning Aristarchus. 
Page after page, the participants debate in a lively manner questions like lunar 
phases, eclipses, the mysterious self-light of the moon (the reddish glow of the 
totally eclipses moon), the possibility of reflecting sunlight to the earth (the op-
tics being handicapped by the strange antique view that we see by rays emanat-
ing from the human eye) and many similar problems. Nonetheless, the dialogue 
established, clearly in conflict with Aristotle’s system, that the spotted moon is a 
‘second Earth’, somewhat smaller, but with a rugged, mountainous surface and 
seas between its lands. Possibly inhabited by living beings … Since this ‘second 
Earth’ is hanging above the centrally positioned first one, care has to be taken 
through ‘gentle rotation’ that possible lunar inhabitants do not fall down in our 
world … It is understandable that Kepler, always very interested in our Moon, 
thought about translating Plutarch’s dialogue into Latin and publishing it append-
ed to his ‘Dream’” (Herczeg, pp. 593-4).

Most of the Somnium was printed in Sagan, both before Kepler’s death in 1630, 
and after his death, over the following two years under the supervision of his 
son-in-law Jakob Bartsch, who himself died in 1633. Kepler’s widow brought the 
printed sheets with her when she moved to Frankfurt, where she and her step-
son Ludwig finally completed the publication. The first two leaves, on a different 
paper, and containing the title and dedication to Philipp, Landgrave of Hesse by 
Kepler’s son Ludwig, were printed in Frankfurt.

The Chillias logarithmorum contains Kepler’s logarithmic tables, constructed by 
means of his own original method. It was through the use of these tables that 
Kepler was able to complete his monumental Tabulae Rudolphinae (1627), the 
superiority of which “constituted a strong endorsement of the Copernican sys-
tem, and insured the tables’ dominance in the field of astronomy throughout the 
seventeenth century” (Norman). ‘Kepler had seen John Napier’s Mirifici logarith-
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morum canonis descriptio (1614) as early as 1617; but he did not study the new 
procedure carefully until by chance, the following year, he saw Napier’s tables 
reproduced in a small book by Benjamin Ursinus [Cursus mathematici practi-
ci, 1618]. Kepler then grasped the potentialities offered by the logarithms; but 
lacking any description of their own construction, he recreated his own tables 
by a new geometrical procedure” (DSB). “In the history of logarithms, we owe to 
Kepler the development of an original theory for compiling logarithmic tables, 
the preparation and publication of his own tables on the basis of that theory, and 
their fruitful and diversified usage in highly important astronomical calculations 
[the Tabulae Rudolphinae]” (Belyi, p. 657). First published in 1624/25, this second 
edition of Kepler’s logarithms is identical to the first except for the title and ded-
ication pages of the first part: the text on these pages has been reset but appears 
to be unchanged, except for the change of date on the title, the omission from the 
first edition of the phrase ‘Cum Privilegio Authoris Caesario’, and the addition of 
‘Editio Secunda’; the Supplement is still dated 1625. Both editions are rare, but the 
second is rarer than the first – no copy has sold at auction since the Signet Library 
copy in 1960.

Two of the works in this volume relate to the collaboration between Kepler and 
Jacob Bartsch over the production of the Ephemerides. Bartsch was stimulated by 
the publication of the Tabulae Rudolphinae in 1627 to calculate ephemerides, re-
sulting in his Uraniburgum Strasburgicum (1629). In this publication, Bartsch of-
fered to collaborate with Kepler, and in Ad epistolam … Jacobi Bartschii, the elder 
astronomer accepts, outlines a research programme for the future, and recounts 
some important autobiographical information, such as his travels in the previous 
months, his visit to the Landgrave of Hesse and to his library, etc. As such it serves 
as an important biographical source for Kepler’s later years. The result of the let-
ter was the joint production of the Ephemerides and Bartsch’s marriage into the 
Kepler family. Caspar notes that this work was actually printed in Görlitz in 1628, 
based on the date ‘Nonas Novemb. Anno M. DC. XXVIII’ at the end of the text. 
ABPC/RBH lists only one copy since the Honeyman sale in 1978 (Christie’s New 
York, 2017, a copy in modern binding).

When the manuscript of the Ephemerides was almost complete, Kepler asked 
Bartsch to travel to Frankfurt to discuss their publication with Gottfried Tam-
bach. On the journey, Bartsch stopped in Leipzig to visit his former teacher, and 
Kepler’s friend, Philipp Müller, who suggested that Bartsch should publish some 
remarks by Kepler as a ‘prelude’ to the Ephemerides. “In calculating his Ephemeri-
des for 1631, Kepler realized that the improved accuracy of his tables enabled him 
to predict a pair of remarkable transits of Mercury and of Venus across the disk of 
the sun. These he announced in a small pamphlet, De raris mirisque anni1631phe-
nomenis. Admonitio as Astronomos (Leipzig, 1629). Although he did not live to 
see his predictions fulfilled, the Mercury transit was observed by Pierre Gassendi 
(1592-1655) in Paris on 7 November 1631 and described in his Mercurio in Sole 
visus (1631); this observation, the first of its kind in history, was a tour de force for 
Kepler’s astronomy, for his prediction erred by only 10’ compared to 5° for tables 
based on Ptolemy, Copernicus, and others” (DSB). “In Frankfurt Bartsch had the 
... small pamphlet printed again [as the offered work] in order to spread Kepler’s 
Admonitio in as wide a circle as possible” (Caspar 83).

The 1631 transit of Mercury was important as it supplied for the first time an 
indisputable quantitative measure of the apparent magnitude of a planetary disc. 
The Venus transit of 6 December 1631 was not observed, owing to the fact that it 
occurred at night for Europeans and, as the great English astronomer Jeremiah 
Horrocks (1618-41) pointed out in Venus in Sole Visa (published by Hevelius in 
1662), there were no telescopic observers active in the Americas. It was only in 
October 1639 that Horrocks realized that Kepler’s statement that after the 1631 
transit there would not be another transit of Venus until 1761 was wrong, and 
that on 24 November 1639, as Venus came to inferior conjunction, it would pass 
directly across the solar disc.

Bartsch dedicated the first printing of the Admonitio to Müller. The 1630 printing 
retains Kepler’s text from the first printing unchanged, but adds a second dedica-
tion from Bartsch to Müller (p. 3) and expands the commentary of Bartsch from 
one page to three (pp. 5-8). Both editions of the Admonitio are exceptionally rare. 
ABPC/RBH list only one copy of this second edition (Christie’s, 1975), and none 
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of the first.

The two remaining works in the present volume, the Eclogae and De vero anno, 
deal with biblical chronology. Kepler first became embroiled in the vigorously 
debated issue of establishing a correct chronology of events described in the Holy 
Scriptures through the fourth part of his De stella nova, published in 1606. “In 
terms of Kepler’s own scholarly effort, the appendix [to De stella nova] was the 
most important part. In its dedicatory epistle he spoke of entering a ‘chronolog-
ical forest,’ and the printer seized upon Sylva chronologica as the running title. 
In 1605 Kepler had come upon a tract by Laurentius Suslyga (1570-1640) that 
argued 5 BC as the date of Christ’s birth. Noting that an initial conjunction in 
the fiery region, comparable with the one in 1603, presumably had occurred in 5 
BC, Kepler drew an analogy between the nova of 1604 and the star of the Magi; 
following Suslyga’s arguments in part, he settled upon 5 BC as the year of Christ’s 
birth. (A similar adjustment is commonly accepted today for chronological rea-
sons.) Afterward, Kepler elaborated his arguments in several works, including 
his definitive account, De vero anno... (1614)” (DSB). As the elaborate title, De 
vero anno quo aeternus Dei Filius humanam naturam in utero benedictae Virginis 
Mariae assumpsit (‘Of the true year in which the Son of the Eternal God assumed 
human nature in the uterus of the blessed Virgin Maria’), indicates, Kepler there-
with intended to put an end to the debate. The work was first published in Ger-
man in 1613; this Latin version contains new notes, which are incorporated into 
the text.

Completed at an earlier date, and with the dedicatory epistle dated Prague, April 
1612, the Eclogae chronicae were not published until 1615, Kepler’s life having 
been dealt several serious blows, first through the death of his favourite son, fol-
lowed by that of his wife Barbara a few months later; in addition, Kepler’s patron 
Rudolph II died in January 1612. The work consists largely of selected correspon-
dence between Kepler, the German musician and chronologer Sethus Calvisius 
(1556-1615), Markus Gerstenberger, the Jesuit Johannes Decker, and Herwarth 
von Hohenburg, author of the Novae ... revocatae chronologiae ... capita prae-
cipua of 1612 (for which Kepler also had provided calculations) on questions of 

chronology in the time of Christ. “The long dedication letter is very remarkable, 
in which Kepler describes in moving words the severe blows of fate that afflicted 
the state and his own family in the years 1610-1612” (Caspar).

In binding order: I. De vero anno. VD 17 23: 238418V; Dünnhaupt 2286, 27.2; 
Caspar 44; Cinti 47; Zinner 4471. II. Eclogae. BL/STC 17th-century German 
K-110; VD 17 23: 300231B; Dünnhaupt 2287, 30; Caspar 47. III. Chilias logarith-
morum. VD 17 3: 306774D (erroneous collation); Dünnhaupt 2296, 45.I.2 and 
45.II; Caspar 89; Belyi, ‘Kepler and the development of mathematics’, Vistas in 
Astronomy 18 (1975), pp. 643-660. IV. Somnium. BM/STC 17th century German 
K-120; VD 17 39: 122771R (only 3 copies, none of them complete); Dünnhaupt 
2301, 53; Parkinson, Breakthroughs p. 76; Winter, Compendium Utopiarum 72; 
Caspar 86; Christianson, ‘Kepler’s Somnium: science fiction and the Renaissance 
scientist,’ Science Fiction Studies 3 (1976); Herczeg, ‘The habitability of the moon,’ 
pp. 593-602 in: A New Era in Astronomy (Lemarchand & Meech, eds.), ASP Con-
ference Series 213 (2000); Rosen, Kepler’s Somnium, 1967. V. Admonitio ad as-
tronomos. VD 17 23: 286808T (only 3 copies); Dünnhaupt 2300, 51.2; Caspar 83. 
VI. Ad epistolam Jacobi Bartschii. VD 17 14: 072950V (only 3 copies); Dünnhaupt 
2300, 50; Caspar 80; Zinner 5141.
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THE FIRST GEOLOGICAL 
ATLAS OF FRANCE
LAVOISIER, Antoine-Laurent; GUETTARD, Jean-Étienne; MONNET, An-
toine-Grimoald. A collection of 33 hand-coloured mineralogical maps of France 
prepared for the first geological atlas. N.p.: n.d., ca. 1766-1780.

$55,000

Folio (310 x 257 mm), ff. 35, leaves printed on recto only, including 32 geological 
maps and an index map, all of which have contemporary colouring. Contemporary 
gree paste-paper boards. Very fine.

A unique collection of maps prepared for the first geological atlas of France. 
“These maps, so far as I know, were the first ever constructed to express the super-
ficial distribution of minerals and rocks. The gifted Frenchman [Guettard] who 
produced them is thus the father of all the national Geological Surveys which 
have been instituted” (Geikie, p. 115). “In 1763 the distinguished naturalist Jean 
Étienne Guettard, an old friend of Lavoisier’s father, was advising Lavoisier and 
may have taken the latter under his wing as early as 1761. Guettard criticized 
the traditional approach to natural history and advocated a science of mineral-
ogy supported by chemistry, topography, and physics. Since 1746 Guettard had 
been collecting material for a mineralogical map of France, but the task proved to 
be too great for a single naturalist. After Lavoisier’s apprenticeship, Guettard, in 
1763, decided to take the young scientist along as his assistant during his geolog-
ical and mineralogical excursions outside Paris. Guettard’s interdisciplinary ap-
proach to mineralogical research became evident in the writings of the young La-
voisier at a very early stage” (DSB). “In 1766 Henri Bertin, Minister and Secretary 
of State in charge of mining, commissioned a geological survey of France from 
mineralogist Jean-Étienne Guettard, one of the first geological cartographers, and 
Guettard’s protégé, Antoine-Laurent Lavoisier. Guettard and Lavoisier had begun 
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collecting field notes for the project as early as 1763 and in 1767 they embarked 
on their famous geological tour of Alsace, Lorraine and Franche-Comte … When 
Lavoisier returned to Paris, he assumed most of the responsibility for supervis-
ing the production of the geological maps, which were engraved by the Sieur de 
Dupain-Triel, Royal Geographical Engineer. By 1770 he and Guettard had over-
seen the completion of 16 plates and by 1777 they had a partially completed an 
almost equal number … The atlas was to have contained 230 maps in all, but this 
number was never reached, as political and financial difficulties intervened. In 
1777, to the displeasure of both Lavoisier and Guettard, Antoine Monnet, France’s 
first Inspector-general of mines, was appointed to direct the geological survey. In 
1780 thirty-one maps were published under the joint authorship of Guettard and 
Monnet as Atlas et description minéralogique de la France … Monnet issued a sec-
ond edition of the Atlas some time after 1794, under the title Collection complète 
de toutes les parties de l’Atlasminéralogique de la France” (Norman). The maps 
were available to purchase individually, as well as in the Atlas and Collection. The 
present collection of maps comprises 23 of the 31 maps that appeared in the Atlas; 
the remaining 10 maps were published in the Collection. According to Duveen & 
Klickstein, 18 of the maps are credited to Lavoisier, of which all but one are in the 
present collection.

“Lavoisier’s early work was markedly influenced by Jean Étienne Guettard who, as 
a friend and mentor, exerted his guidance with intention and purpose. Guettard 
had a wide knowledge of natural history, much of his work being done in min-
eralogy and geology. Many of his doctrines now appear to have been correct but 
to his contemporaries they seem strange. He thought that some mountains were 
extinct volcanoes and that fossils were geological formations originating from 
plants and animals, etc. He also was the first to make geological maps or, as he 
termed them, mineralogical maps. Maps of Egypt, Palestine, Canada and Loui-
siana were prepared by him. The preparation of a mineralogical atlas of France 
soon became his chief interest and a project to which he was to devote the rest of 
his life.

“It was under the guidance of Guettard that Lavoisier, in 1763, began to make 

studies in mineralogy and field geology. He undertook investigations of moun-
tain heights, of strata and of gypsum. The work on gypsum resulted in his first 
printed publication. Lavoisier soon became a valuable assistant, if not a colleague, 
in the accumulation of data for the atlas. Beginning in 1763 Lavoisier collected 
field notes that now occupy many pages in the Oeuvres. In 1767, he accompanied 
Guettard on a tour through the east of France, the Vosges, Alsace, Lorraine, and 
parts of Switzerland. It was an exhilarating experience for Lavoisier. The young 
scientist ascertained the levels of various strata, collected rocks and minerals, ex-
amined mineral waters, and assisted Guettard in innumerable ways …

“After the tour, Lavoisier immediately turned to the task of correlating and ar-
ranging the mass of information that had been collected on the trip … With 
Guettard he was associated in the preparation of the geological maps; most of the 
detail work fell to Lavoisier, and by 1770 he had supervised the engraving of 16 
plates for the series which, it was expected, would run to 230 maps for the whole 
of France. Guettard, when he announced the completion of the first 16 plates to 
the Académie, spoke of Lavoisier’s cooperation in laudatory terms …

“By 1772 it was evident that the funds which had been voted for the project would 
be inadequate, and a halt was therefore called to the proceedings. Presently the re-
tirement of Guettard and political intrigues intervened and the project was hand-
ed over to Monnet, inspector general of mines, for completion. Monnet added 16 
more plates and a long text, publishing the whole as the first part of the atlas. It 
was issued under the joint authorship of Guettard and Monnet. All of Lavoisier’s 
contributions were ignored, except for the first sixteen plates; the wealth of infor-
mation that had been gathered was used without his permission. The feature of 
showing levels of geological strata was due to Lavoisier’s initiative, a point Mon-
net chose to withhold. The former, angered by this treatment, protested bitterly, 
but to no avail. Monnet had become his obstinate enemy, continuing to attack the 
new chemistry even after Lavoisier’s execution …

“According to an anonymous review of the first sixteen plates, which was pub-
lished in Rozier’s Observations sur la Physique, Vol. 9 (1777), 395-397, the maps 
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already completed at that time were separately available to the public at the office 
of Dupain-Triel, who had engraved them, in both black and white (1 livre 10 sols) 
and colored (2 livres) copies. It is also stated in this source that fourteen further 
plates were already in an advanced state of production …

“The following year (May, 1778), the Observations sur la Physique (Vol. 11, 459-
462) brought a ‘Nouvel Avertissement sur la Carte Minéralogique de la France; 
par M. Monnet, Inspecteur-Général des Mines,’ which again gives Guettard credit 
for the original conception and Lavoisier for his collaboration in the preparato-
ry work, and states that they had both completed the previous year (1777) the 
maps no. 25, 26, 27, 28, 40, 41, 42, 55, 56, 57, 60, 61, 75, 76, 89 and 90, and that 
Dupain-Triel had completed eight more maps in the meantime. Two years later 
another short notice in the Observations sur la Physique (Vol. 15 (1780), 423) an-
nounced that a third lot of eight plates for the atlas is now available, the numbers 
17, 16, 15, 8, 9, 18, 10 bis, and 10, and that these eight plates, like the preceding 25 
[i.e., 24], were to be obtained at the establishment of Dupain-Triel …

“Even if the affair of the Atlas turned out to be unfortunate, Lavoisier had gained 
a great deal from his geological travels with Guettard. His published papers on 
various aspects of the tour and his many manuscripts which, as has been stated, 
were only printed after his death, all bear testimony to the development of his 
scientific interests. Nor should the fact be forgotten that his collaboration with 
Guettard on the tour added to his reputation among the scientists of Paris. Later 
when Lavoisier became well-established, he exerted his influence in furthering 
the mineralogical atlas. He issued a circular and questionnaire on rocks and min-
eral deposits and also approached government officials for funds to continue the 
publication of the atlas. Deliberations about the work, in which Lavoisier had 
obviously the initiative, occur repeatedly in the proceedings of the Administration 
de l’Agriculture” (Duveen & Klickstein, pp. 236-240).

The plates in the present collection are nos. 1, 1 bis, 2, 2 bis, 3, 4, 5, 7, 8, 9, 10, 10 
bis, 14, 15, 16, 17, 18, 25, 26, 27, 28, 40, 41, 42, 55, 56, 57, 61, 75, 76, 89 and 90. 
Those published in the Atlas are nos. 1, 1 bis, 2, 2 bis, 3, 4, 5, 7, 8, 9, 10, 10 bis, 14, 
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15, 15, 16, 17, 18, 19, 20, 25, 26, 27, 28, 29, 30, 31, 41, 42, 43 and 45. The plates 
credited to Lavoisier are nos. 1, 2, 3, 4, 5, 7, 8, 9, 14, 16, 17, 25, 26, 27, 28, 41, 42, 
and 43.

The present collection begins with an engraving with two tables, ‘Caractères 
Chimiques’ and ‘Table Corrigée des divers Rapports entre différentes Substanc-
es’. This appears to be a modified version of the tables in the ‘Mémoire sur de 
nouveaux Caractères à employer en Chimie’ by Hassenfratz and Adet, which ap-
peared in the Méthode de Nomenclature Chimique (1787), by Morveau, Lavoisier, 
Berthollet and de Fourcroy. This is followed on a separate sheet by ‘Avis sur l’Atlas 
minéralogique de France,’ which is present in the Atlas; this has manuscript cor-
rections. The collection concludes with an index engraving of a map of France, 
with the regions numbered; those which are covered by the maps in the collection 
are coloured (this is also present in the Atlas, but with slightly different colouring 
as the plates in this collection are not quite the same as those in the Atlas).

Duveen & Klickstein, A Bibliography of the Works of Antoine Laurent Lavoisier, 
1954. Geikie, The Founders of Geology, 1897 (see the entire chapter devoted to 
Guettard and his geological achievements). Norman 1287 (a preliminary issue 
of the first 16 maps to be produced, without the numbering which was added 
later for their appearance in the Atlas). Rappaport, ‘Lavoisier’s geologic activities, 
1763-1792,’ Isis 58 (1967), pp. 375-384. Schuh, Mineralogy & Crystallography: A 
Biobibliography, 1469 to 1920, 2025 (for the Atlas).
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PMM 164 - THE MOST INFLUENTIAL 
WORK OF EUROPEAN PHILOSOPHY 
FOR A CENTURY
LOCKE, John. An Essay Concerning Humane Understanding. London: Printed by 
Eliz. Holt for Thomas Basset, 1690.

$160,000

Folio (321 x 193mm), pp. [xii], 362, [22] (a few minor paper flaws, some browning). 
Contemporary English calf, spine gilt in compartments with red morocco spine label, 
covers with double gilt rulings (rubbed, joints cracked but firm). A handsome, fresh, 
clean copy in an untouched binding.

First edition, first issue of Locke’s greatest work, a critical assessment of the or-
igins, nature, and limits of human reason, which was to remain the single most 
influential work in European philosophy for at least one hundred years and in-
fluence the two other great British empiricists David Hume and George Berke-
ley. “Few books in the literature of philosophy have so widely represented the 
spirit of the age and country in which they have appeared, or have so influenced 
opinion afterwards” (Fraser). Locke laboured for nearly two decades on his in-
vestigation of “the certainty and the adequacy of human knowledge,” concluding 
that “though knowledge must necessarily fall short of complete comprehension, 
it can at least be ‘sufficient’; enough to convince us that we are not at the mercy of 
pure chance, and can to some extent control our own destiny” (PMM).Although 
begun as early as 1671, Locke’s masterpiece of empirical philosophy was finally 
brought to completion during his exile in Holland (January 1684-February 1688), 
in the company of a distinguished literary circle. By the end of 1686 it already 
existed in something close to its final form, and printed copies were in circulation 
in advance of the official publication date of 1690. Although there was no name 
on the title-page, modesty did not prevent Locke from signing the “fulsome dedi-
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cation” to Thomas Earl of Pembroke. As ODNB notes, he was seen to give “a plain 
unmetaphysical account of the workings of the human mind that could serve as 
a complement to Newton’s account of the physical universe.” Book I he rejected 
the doctrine of “innate idea”, maintaining that all knowledge was based on experi-
ence. Few philosophical works received such immediate and lasting recognition, 
leading John Stuart Mill to describe Locke as “the unquestioned founder of the 
analytic philosophy of mind.” The epistemological doctrines of the Essay were, 
in fact, subject to acute criticism by other philosophers from Berkeley onwards, 
yet this did little to shake their acceptability to the educated public; only with the 
development of a Romantic sensibility in the early 19th century did Locke’s au-
thority weaken. The first issue is very scarce in contemporary binding.

“A dominant theme of the Essay is the question with which the original discussion 
in Exeter House began: What is the capacity of the human mind for understand-
ing and knowledge? In his prefatory chapter, Locke explains that the Essay is not 
offered as a contribution to knowledge itself but as a means of clearing away some 
of the intellectual rubbish that stands in the way of knowledge. He had in mind 
not only the medieval Scholastics and their followers but also some of his older 
contemporaries. The Scholastics – those who took Aristotle and his commen-
tators to be the source of all philosophical knowledge and who still dominated 
teaching in universities throughout Europe – were guilty of introducing technical 
terms into philosophy (such as substantial form, vegetative soul, abhorrence of a 
vacuum, and intentional species) that upon examination had no clear sense – or, 
more often, no sense at all. Locke saw the Scholastics as an enemy that had to be 
defeated before his own account of knowledge could be widely accepted, some-
thing about which he was entirely right.

“Locke begins the Essay by repudiating the view that certain kinds of knowledge 
– knowledge of the existence of God, of certain moral truths, or of the laws of 
logic or mathematics – are innate, imprinted on the human mind at its creation. 
(The doctrine of innate ideas, which was widely held to justify religious and moral 
claims, had its origins in the philosophy of Plato, who was still a powerful force 
in 17th-century English philosophy.) Locke argues to the contrary that an idea 

cannot be said to be ‘in the mind’ until one is conscious of it. But human in-
fants have no conception of God or of moral, logical, or mathematical truths, 
and to suppose that they do, despite obvious evidence to the contrary, is merely 
an unwarranted assumption to save a position. Furthermore, travelers to distant 
lands have reported encounters with people who have no conception of God and 
who think it morally justified to eat their enemies. Such diversity of religious and 
moral opinion cannot not be explained by the doctrine of innate ideas but can be 
explained, Locke held, on his own account of the origins of ideas.

“In Book II he turns to that positive account. He begins by claiming that the 
sources of all knowledge are, first, sense experience (the red colour of a rose, 
the ringing sound of a bell, the taste of salt, and so on) and, second, ‘reflection’ 
(one’s awareness that one is thinking, that one is happy or sad, that one is having 
a certain sensation, and so on). These are not themselves, however, instances of 
knowledge in the strict sense, but they provide the mind with the materials of 
knowledge. Locke calls the materials so provided ‘ideas.’ Ideas are objects ‘before 
the mind,’ not in the sense that they are physical objects but in the sense that they 
represent physical objects to consciousness.

“All ideas are either simple or complex. All simple ideas are derived from sense 
experience, and all complex ideas are derived from the combination (‘compound-
ing’) of simple and complex ideas by the mind. Whereas complex ideas can be 
analyzed, or broken down, into the simple or complex ideas of which they are 
composed, simple ideas cannot be. The complex idea of a snowball, for exam-
ple, can be analyzed into the simple ideas of whiteness, roundness, and solid-
ity (among possibly others), but none of the latter ideas can be analyzed into 
anything simpler. In Locke’s view, therefore, a major function of philosophical 
inquiry is the analysis of the meanings of terms through the identification of the 
ideas that give rise to them. The project of analyzing supposedly complex ideas 
(or concepts) subsequently became an important theme in philosophy, especially 
within the analytic tradition, which began at the turn of the 20th century and 
became dominant at Cambridge, Oxford, and many other universities, especially 
in the English-speaking world.
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“In the course of his account, Locke raises a host of related issues, many of which 
have since been the source of much debate. One of them is his illuminating 
distinction between the ‘primary’ and ‘secondary’ qualities of physical objects. 
Primary qualities include size, shape, weight, and solidity, among others, and 
secondary qualities include colour, taste, and smell. Ideas of primary qualities 
resemble the qualities as they are in the object – as one’s idea of the roundness 
of a snowball resembles the roundness of the snowball itself. However, ideas of 
secondary qualities do not resemble any property in the object; they are instead 
a product of the power that the object has to cause certain kinds of ideas in the 
mind of the perceiver. Thus, the whiteness of the snowball is merely an idea pro-
duced in the mind by the interaction between light, the primary qualities of the 
snowball, and the perceiver’s sense organs.

“Locke discussed another problem that had not before received sustained atten-
tion: that of personal identity. Assuming one is the same person as the person 
who existed last week or the person who was born many years ago, what fact 
makes this so? Locke was careful to distinguish the notion of sameness of person 
from the related notions of sameness of body and sameness of man, or human be-
ing. Sameness of body requires identity of matter, and sameness of human being 
depends on continuity of life (as would the sameness of a certain oak tree from 
acorn to sapling to maturity); but sameness of person requires something else. 
Locke’s proposal was that personal identity consists of continuity of conscious-
ness. One is the same person as the person who existed last week or many years 
ago if one has memories of the earlier person’s conscious experiences. Locke’s 
account of personal identity became a standard (and highly contested) position 
in subsequent discussions.

“A further influential section of Book II is Locke’s treatment of the association of 
ideas. Ideas, Locke observes, can become linked in the mind in such a way that 
having one idea immediately leads one to form another idea, even though the 
two ideas are not necessarily connected with each other. Instead, they are linked 
through their having been experienced together on numerous occasions in the 
past. The psychological tendency to associate ideas through experience, Locke 
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says, has important implications for the education of children. In order to learn 
to adopt good habits and to avoid bad ones, children must be made to associate 
rewards with good behaviour and punishments with bad behaviour. Investiga-
tions into the associations that people make between ideas can reveal much about 
how human beings think. Through his influence on researchers such as the En-
glish physician David Hartley (1705–57), Locke contributed significantly to the 
development of the theory of associationism, or associationist psychology, in the 
18th century. Association has remained a central topic of inquiry in psychology 
ever since.

“Having shown to his satisfaction that no idea requires for its explanation the 
hypothesis of innate ideas, Locke proceeds in Book III to examine the role of 
language in human mental life. His discussion is the first sustained philosophical 
inquiry in modern times into the notion of linguistic meaning. As elsewhere, he 
begins with rather simple and obvious claims but quickly proceeds to complex 
and contentious ones. Words, Locke says, stand for ideas in the mind of the per-
son who uses them. It is by the use of words that people convey their necessarily 
private thoughts to each other. In addition, Locke insists, nothing exists except 
particulars, or individual things. There are, for example, many triangular things 
and many red things, but there is no general quality or property, over and above 
these things, that may be called ‘triangle’ (‘triangularity’) or ‘red’ (‘redness’). Nev-
ertheless, a large number of words are general in their application, applying to 
many particular things at once. Thus, words must be labels for both ideas of par-
ticular things (particular ideas) and ideas of general things (general ideas). The 
problem is, if everything that exists is a particular, where do general ideas come 
from?

“Locke’s answer is that ideas become general through the process of abstraction. 
The general idea of a triangle, for example, is the result of abstracting from the 
properties of specific triangles only the residue of qualities that all triangles have 
in common—that is, having three straight sides. Although there are enormous 
problems with this account, alternatives to it are also fraught with difficulties.

“In Book IV of the Essay, Locke reaches the putative heart of his inquiry, the 
nature and extent of human knowledge. His precise definition of knowledge en-
tails that very few things actually count as such for him. In general, he excludes 
knowledge claims in which there is no evident connection or exclusion between 
the ideas of which the claim is composed. Thus, it is possible to know that white 
is not black whenever one has the ideas of white and black together (as when one 
looks at a printed page), and it is possible to know that the three angles of a trian-
gle equal two right angles if one knows the relevant Euclidean proof. But it is not 
possible to know that the next stone one drops will fall downward or that the next 
glass of water one drinks will quench one’s thirst, even though psychologically 
one has every expectation, through the association of ideas, that it will. These 
are cases only of probability, not knowledge – as indeed is virtually the whole of 
scientific knowledge, excluding mathematics. Not that such probable claims are 
unimportant: humans would be incapable of dealing with the world except on 
the assumption that such claims are true. But for Locke they fall short of genuine 
knowledge.

“There are, however, some very important things that can be known. For exam-
ple, Locke agreed with Descartes that each person can know immediately and 
without appeal to any further evidence that he exists at the time that he considers 
it. One can also know immediately that the colour of the print on a page is differ-
ent from the colour of the page itself – i.e., that black is not white – and that two is 
greater than one. It can also be proved from self-evident truths by valid argument 
(by an argument whose conclusion cannot be false if its premises are true) that 
a first cause, or God, must exist. Various moral claims also can be demonstrat-
ed – e.g., that parents have a duty to care for their children and that one should 
honour one’s contracts. People often make mistakes or poor judgments in their 
dealings with the world or each other because they are unclear about the concepts 
they use or because they fail to analyze the relevant ideas. Another great cause 
of confusion, however, is the human propensity to succumb to what Locke calls 
‘Enthusiasm,’ the adoption on logically inadequate grounds of claims that one is 
already disposed to accept.
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“One major problem that the Essay appeared to raise is that if ideas are indeed the 
immediate objects of experience, how is it possible to know that there is anything 
beyond them – e.g., ordinary physical objects? Locke’s answer to this problem, 
insofar as he recognized it as a problem, appears to have been that, because per-
ception is a natural process and thus ordained by God, it cannot be generally mis-
leading about the ontology of the universe. In the more skeptical age of the 18th 
century, this argument became less and less convincing. This issue dominated 
epistemology in the 18th century.

“The Essay’s influence was enormous, perhaps as great as that of any other philo-
sophical work apart from those of Plato and Aristotle. Its importance in the En-
glish-speaking world of the 18th century can scarcely be overstated. Along with 
the works of Descartes, it constitutes the foundation of modern Western philos-
ophy” (Britannica).

The second issue has a cancel title-page with the  imprint reading “Printed for 
Thomas Basset, and sold by Edw. Mory [etc.],” with the SS of “Essay” inverted and 
five rows of six type ornaments. Richard Aaron’s John Locke (3rd edition, 1971, 
Appendix II) signals a further difference between the two issues – namely the cor-
rection in ink of two words, in all the copies of the first issue examined, the word 
‘certainly’ on the last page of the ‘Epistle Dedicatory’ corrected to ‘extremely,’ and 
the word ‘some’ inserted before ‘Discovery’ on the first page of the ‘Epistle to the 
Reader.’

Attig 228; ESTC 22993; Garrison-Morton 4967; Grolier/One Hundred 72; Groli-
er/English 36; Norman 1380; Pforzheimer 599; PMM 164; Wing L2738.
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THE DISCOVERY OF NUCLEAR FISSION 
– PMM 422b
MEITNER, Lise; FRISCH, Otto. Disintegration of uranium by neutrons: a new 
type of nuclear reaction. Offprint from Nature, Vol. 143, No. 3615, 11 February 
1939. [London: Macmillan, 1939].

$18,000

8vo (210 x 137 mm), pp. [3]. Single sheet, folded once (closed tear to upper inner 
margin, just entering text but without loss).

First edition, extremely rare offprint, of the discovery of nuclear fission, a process 
which had been observed by Otto Hahn and Fritz Strassmann the previous year 
but for which they were unable to provide an explanation. “In the late 1930s, a 
series of experiments showed that bombarding uranium with neutrons produced 
several new radioactive elements, which were assumed to have atomic numbers 
near to that of uranium (Z = 92). This assumption followed naturally from the 
prevailing view of nuclear decay, which involved the emission, through tunnel-
ling, of only small charged particles (α and β). How then did one explain the 
formation of an element which was, as far as could be determined, identical to 
barium (Z = 56), and thus much smaller than uranium?” (Nature Physics Por-
tal)  “Experiments conducted in 1938 at Berlin by Hahn and Strassmann were 
reported to Lise Meitner, an Austrian scientist who had fled to Copenhagen to 
escape religious persecution. She and her nephew, O. R. Frisch, working in Niels 
Bohr’s laboratory, found the true explanation of these phenomena. The interpola-
tion of a neutron into the nucleus of a uranium atom caused it to divide into two 
parts and to release energy amounting to about 200,000,000 electron volts. This 
process bore such a close similarity to the division of a living cell that Frisch sug-
gested the use of the term ‘fission’ to describe it” (PMM). “When Frisch returned 
to Copenhagen with the news, Bohr immediately exclaimed ‘Oh, what idiots we 
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have all been! Oh, but this is wonderful!’ Bohr publicised the discovery at a phys-
ics conference in the US later in January 1939, and soon others were confirming 
Hahn and Strassman’s results and Meitner and Frisch’s calculations. It was quickly 
recognised that fission of uranium’s 235 isotope would release further neutrons, 
possibly starting a chain reaction. On the eve of another war, the nuclear age had 
begun” (Sutton). The first nuclear reactor became operational in 1942 and the 
first atomic bomb was detonated in 1945. Hahn was the sole recipient of the 1944 
Nobel Prize in Chemistry “for his discovery of the fission of heavy nuclei”. The of-
ficial Nobel citation noted only that “Otto Hahn’s long-time colleague, Lise Meit-
ner, and her nephew, Otto Frisch, tackled the problem from a theoretical stand-
point and proved that the uranium nucleus had been split”. No copy on OCLC. 
ABPC/RBH list a single copy (Sotheby’s, 16 November 2001, lot 126).

Provenance: Robert Leroy Platzman (signature on title page). Platzman (1918-
73) was a chemist at the University of Chicago Metallurgical Laboratory during 
World War II, the research group responsible for the first successful nuclear re-
actor in 1942. Its primary role was to design a viable method for plutonium pro-
duction that could fuel a nuclear reaction. Platzman, together with 70 other sci-
entists from Chicago, signed the letter sent on July 17, 1945 by Leo Szilard to urge 
President Truman not to use the atomic bomb against Japan. He was involved in 
establishing and publishing the Bulletin of Atomic Scientists, a journal founded by 
Manhattan Project scientists who “could not remain aloof to the consequences of 
their work” (Atomic Heritage Foundation).

“In December 1938, over Christmas vacation, physicists Lise Meitner (1878-
1968) and Otto Frisch (1904-79) made a startling discovery that would immedi-
ately revolutionize nuclear physics and lead to the atomic bomb. Trying to explain 
a puzzling finding made by nuclear chemist Otto Hahn (1879-1968) in Berlin, 
Meitner and Frisch realized that something previously thought impossible was 
actually happening: that a uranium nucleus had split in two.

“Lise Meitner was born in Vienna in 1878. She grew up in an intellectual family, 
and studied physics at the University of Vienna, receiving a doctorate in 1906. 

As a woman, the only position available to her at that time in Vienna was as 
a schoolteacher, so she went to Berlin in 1907 in search of research opportuni-
ties. Meitner was shy, but soon became a friend and collaborator of chemist Otto 
Hahn. In 1912 the Kaiser Wilhelm Institute for chemistry was established, and 
she obtained a position there. During World War I Meitner volunteered as an 
x-ray nurse in the Austrian army. Upon returning to Berlin she was made head of 
a physics section at the KWI, where she did research in nuclear physics.

“After the neutron was discovered 1932, scientists realized that it would make a 
good probe of the atomic nucleus. In 1934 Enrico Fermi (1901-54) bombarded 
uranium with neutrons, producing what he thought were the first elements heavi-
er than uranium. Most scientists thought that hitting a large nucleus like uranium 
with a neutron could only induce small changes in the number of neutrons or 
protons. However, one chemist, Ida Noddack (1896-1978), pointed out that Fer-
mi hadn’t ruled out the possibility that in his reactions, the uranium might actual-
ly have broken up into lighter elements, though she didn’t propose any theoretical 
basis for how that could happen. Her paper was largely ignored, and no one, not 
even Noddack herself, followed up on the idea.

“Following Fermi’s work, Meitner and Hahn, along with chemist Fritz Strassmann 
(1902-80), also began bombarding uranium and other elements with neutrons 
and identifying the series of decay products. Hahn carried out the careful chemi-
cal analysis; Meitner, the physicist, explained the nuclear processes involved.

“Meitner, who had Jewish ancestry, worked at the KWI until July 1938, when she 
was forced to flee from the Nazis. Her research was her whole life, and she had 
tried to hang on to her position as long as possible, but when it became clear that 
she would be in danger, she left hastily, with just two small suitcases. She took a 
position in Stockholm at the Nobel Institute for Physics, but she had few resourc-
es for her research there, and felt unwelcome and isolated. She kept up her cor-
respondence with Hahn, and continued to advise him about their joint research.

“In December 1938, Hahn and Strassmann, continuing their experiments bom-
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barding uranium with neutrons, found what appeared to be isotopes of barium 
among the decay products. They couldn’t explain it, since it was thought that a 
tiny neutron couldn’t possibly cause the nucleus to crack in two to produce much 
lighter elements. Hahn sent a letter to Meitner describing the puzzling finding.

“Over the Christmas holiday, Meitner had a visit from her nephew, Otto Frisch, 
a physicist who worked in Copenhagen at Niels Bohr’s institute. Meitner shared 
Hahn’s letter with Frisch. They knew that Hahn was a good chemist and had not 
made a mistake, but the results didn’t make sense. They went for a walk in the 
snow to talk about the matter, Frisch on skis, Meitner keeping up on foot. They 
stopped at a tree stump to do some calculations. Meitner suggested they view the 
nucleus like a liquid drop, following a model that had been proposed earlier by 
the Russian physicist George Gamow and then further promoted by Bohr. Frisch, 
who was better at visualizing things, drew diagrams showing how after being hit 
with a neutron, the uranium nucleus might, like a water drop, become elongated, 
then start to pinch in the middle, and finally split into two drops.

“After the split, the two drops would be driven apart by their mutual electric re-
pulsion at high energy, about 200 MeV, Frisch and Meitner figured. Where would 
the energy come from? Meitner determined that the two daughter nuclei together 
would be less massive than the original uranium nucleus by about one-fifth the 
mass of a proton, which, when plugged into Einstein’s famous formula, E=mc2, 
works out to 200 MeV. Everything fit.

“Frisch left Sweden after Christmas dinner. Having made the initial breakthrough, 
he and Meitner collaborated by long-distance telephone. Frisch talked briefly with 
Bohr, who then carried the news of the discovery of fission to America, where it 
met with immediate interest.

“Meitner and Frisch sent their paper to Nature in January. Frisch named the new 
nuclear process “fission” after learning that the term “binary fission” was used by 
biologists to describe cell division. Hahn and Strassmann published their finding 
separately, and did not acknowledge Meitner’s role in the discovery …
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“Scientists quickly recognized that if the fission reaction also emitted enough sec-
ondary neutrons, a chain reaction could potentially occur, releasing enormous 
amounts of energy. Many scientists joined the efforts to produce an atomic bomb, 
but Meitner wanted no part of that work, and was later greatly saddened by the 
fact that her discovery had led to such destructive weapons. She did continue her 
research on nuclear reactions, and contributed to the construction of Sweden’s 
first nuclear reactor. Hahn won the Nobel Prize in chemistry in 1944, but Meitner 
was never recognized for her important role in the discovery of fission” (Ameri-
can Physical Society, www.aps.org/publications/apsnews/200712/physicshistory.
cfm).

Meitner was crucial, not only to the explanation of Hahn and Strassmann’s exper-
imental findings, but to the findings themselves. “In the fall of 1938, Meitner and 
other physicists were highly skeptical of Hahn and Strassmann’s finding that the 
slow neutron irradiation of uranium produced radium … It was she who urgently 
requested that Hahn and Strassmann test their radium more thoroughly, which 
led directly to the barium finding. She also was the one who immediately assured 
Hahn that a disintegration of the uranium nucleus was possible, after which he 
added to the proofs of the barium publication the suggestion that uranium might 
have split in two.Had Meitner been in Berlin at the time, the discovery of fis-
sion would, without question, have been understood as the superb achievement 
of an interdisciplinary team. Instead, Meitner was in exile, and she and physics 
were largely written out of the history of the discovery. The barium finding was 
published under the names of Hahn and Strassmann only—not because Meitner 
failed to provide an explanation but because it would have been politically impos-
sible for Hahn and Strassmann to include her, a Jew in exile, as a coauthor. The 
records also show that Hahn quickly sought political cover and distanced himself 
from Meitner, claiming that the discovery was due to chemistry alone and that 
physics had delayed and impeded it, a view that was eventually codified by the 
Nobel Prize decisions. What kept Meitner from being completely obscured was 
that her theoretical interpretation with Otto Frisch was recognized as a brilliant 
extension of existing nuclear theory to the fission process. But the separate publi-
cations created an artificial divide—between chemistry and physics, experiment 

and theory, discovery and interpretation. It is important to recognize that this 
divide and Meitner’s exclusion from the fission discovery do not reflect how the 
science was done but are instead artifacts of her forced emigration and the polit-
ical conditions in Nazi Germany at the time” (Sime). 

News of the discovery of fission spread rapidly. Meitner and Frisch communicat-
ed their results to Niels Bohr, who was in Copenhagen preparing to depart for 
the United States via Sweden and England. Bohr confirmed the validity of the 
findings while sailing to New York City, arriving on January 16, 1939. Ten days 
later Bohr, accompanied by Enrico Fermi, communicated the latest developments 
to some European émigré scientists who had preceded him to the United States 
and to members of the American scientific community at the opening session of 
a conference on theoretical physics in Washington, D.C.

As with many other Nature offprints, such as the famous three-paper DNA off-
print of 1953, this offprint was printed from the same type as the journal printing 
but in a single column, while the journal printing was made in double columns.

Norman 1487 (journal issue); PMM 422b. Sime, ‘Lise Meitner and the discovery 
of fission,’ Physics Today 68 (2015), p. 10. Sutton, ‘Hahn, Meitner and the discov-
ery of nuclear fission’ (https://www.chemistryworld.com/features/hahn-meitner-
and-the-discovery-of-nuclear-fission/3009604.article).

http://www.aps.org/publications/apsnews/200712/physicshistory.cfm
http://www.aps.org/publications/apsnews/200712/physicshistory.cfm
https://www.chemistryworld.com/features/hahn-meitner-and-the-discovery-of-nuclear-fission/3009604.article
https://www.chemistryworld.com/features/hahn-meitner-and-the-discovery-of-nuclear-fission/3009604.article
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“AN EXTREMELY RARE BOOK” 
(NEVILLE)
PALISSY, Bernard. Discours admirables, de la nature des eaux et fonteines, tant 
naturelles qu’artificielles, des métaux, des sels & salines, des pierres, des terres, du feu 
& des emaux. Paris: chez Martin le Jeune, 1580.

$37,500

8vo, (161 x 111 mm), pp. [xvi], 361, [23], Roman and italic types, woodcut orna-
ments and capitals. Contemporary limp vellum, front hinge loose, a very fine and 
entirely unsophisticated copy. Custom morrocco clamshell box.

First edition, and a very fine copy, of this famous rarity. “A book of great im-
portance in the history of chemistry, hydrology, geology, and agriculture. Palissy, 
who is best known for his discovery of the secret of enamelling pottery, was far 
in advance of his time in scientific ideas. ‘Palissy shines as a close and accurate 
observer of natural objects, a man of eminent common sense, and an original 
and laborious experimenter’ (Partington). Toward the end of his life he described 
his work in the present book, which probably incorporates the lectures he gave 
in Paris about 1575. It is written in dialogue form between ‘Theory’ and ‘Prac-
tice’, and it is always Practice that instructs Theory. Divided into eleven chapters, 
the book covers metals, alchemy, medicine, salts, precious stones, glass, pottery 
and ceramics, agriculture, fertilisers, etc. The first edition is an extremely rare 
book. Ferguson acquired his copy, now in Glasgow University, after many years 
of search, and wrote on the flyleaf: ‘At last, after long, long waiting and watching.’ 
It is one of the very few books in Duveen’s collection of which he reproduced the 
title page in his Bibliotheca alchemica et chemical” (Neville). Palissy’s sections on 
hydrology and paleontology are of special interest, for “he was one of the few 
men of his century to have a correct notion of the origins of rivers and streams” 
(DSB). An early advocate of the infiltration theory, he described artesian wells 
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and recommended forestation to prevent soil erosion. Through Cardano’s De sub-
tilitate, Palissy was familiar with Leonardo da Vinci’s writings on paleontology in 
the notebooks; he noted the similarity of fossils to living species and was “one of 
the first to hold a reasonably correct view of the process of petrification” (DSB). 
In his eighth section, Palissy investigated the hardness and properties of gems 
and precious stones. Palissy “was lauded by later geologists and palaeontologists, 
particularly in France, for his early identification of several important principles. 
Buffon and Huxley both cited Palissy as a pioneer in the study of fossil organ-
isms … he asserted that wood, beasts, and even people could be transformed 
into stone, that manure was a good fertiliser because of the ‘salts’ it contained, 
and that fossils represented the remains of animals that had died where they had 
lived” (Halliday). ABPC/RBH lists four copies since the Norman-Freilich copy, 
all in later or restored bindings. The Norman copy, in modern binding, realised 
$40,250 in 1998.

“Palissy (ca. 1510-1590) was first trained in the manufacture and decoration of 
stained glass windows. As his profession became less in demand, however, he 
took up land surveying in order to support his wife and children (of whom there 
were at least six). Some time around 1539 he became interested in enameled pot-
tery and, after sixteen years of tireless experimentation (during which, by his own 
account, he burned his furniture and floorboards to fuel his kiln), perfected a 
technique for making a ‘rustic’ enameled earthenware that brought him fame 
and a modest fortune … The governor of Saintes, where Palissy settled, was the 
constable Anne, Duc de Montmorency, who had a keen interest in the fine arts 
and became Palissy’s patron. Palissy converted to Protestantism in about 1546. 
He was one of the first Huguenots in Saintes, and was much persecuted for his 
religion. He was imprisoned in Bordeaux around 1559 and, had it not been for 
Anne de Montmorency, who took his case directly to the queen mother, Cather-
ine de Médicis, he would almost certainly have been executed. The queen mother 
appointed him inventeur des rustiques figulines du roy, and commissioned him to 
decorate the new Tuileries palace. Palissy thus became established in Paris, where 
in 1575 he began to give public lectures on natural history. Despite his lack of for-
mal education Palissy’s lectures, according to Désiré Leroux, attracted the most 

learned men in the capital …

“Discours admirables probably incorporates Palissy’s Paris lectures. It, like the ear-
lier work, deals with an impressive array of subjects: agriculture, alchemy, bota-
ny, ceramics, embalming, engineering, geology, hydrology, medicine, metallurgy, 
meteorology, mineralogy, paleontology, philosophy, physics, toxicology, and zo-
ology. The book is divided into several chapters, the first and longest of which is 
concerned with water. The others take up metals and their nature and generation; 
drugs; ice; different types of salts and their nature, effects, and methods of gen-
eration; characteristics of common and precious stones; clay and marl; and the 
potter’s art.

“Palissy’s views on hydrology and paleontology, as expressed in the Discours, are 
of particular interest. He was one of the few men of his century to have a correct 
notion of the origin of rivers and streams, and he stated it forcefully, denying cat-
egorically that rivers can have any source other than rainfall. An early advocate 
of the infiltration theory, he refuted, with great skill and logic, the old theories 
that streams came from seawater or from air that had condensed into water. He 
also wrote on the principles of artesian wells, the recharging of wells from nearby 
rivers, and forestation for the prevention of soil erosion, and presented plans for 
constructing ‘fountains’ for domestic water supply.

“Palissy discussed fossils extensively. Like Xenophanes of Colophon, he believed 
them to be remnants of animals and plants. He firmly rejected the idea that they 
were detritus of the biblical flood, suggesting that inland fossils are found on 
site as the result of the congelation of a lake. He recognized the relation between 
these fossils and living species and, in some cases, extinct ones. He was one of the 
first to hold a reasonably correct view of the process of petrification. (Duhem, 
in Études sur Léonard de Vinci, has pointed out that all these ideas may well be 
derived from Cardano’s De subtilitate, with which Palissy was familiar, and hence 
from the thought of Leonardo da Vinci.)

“Palissy held other advanced views. From experimentation he concluded that all 
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minerals with geometric crystal forms must have crystallized in water; his clas-
sification of salts was nearly correct; and he suggested the concept of superposi-
tion for the development of sedimentary rocks. In his writings on medicine he 
demonstrated that potable gold was neither potable nor beneficial, and he showed 
that mithridate, a remedy composed of some 300 ingredients, was useless and 
probably harmful. He presented observations in support of his scientific ideas, 
and scathingly denounced established authorities if their findings did not agree 
with his own data. While there is some question concerning his originality—La 
Rocque discussed his dependence on thirty-one other writers on earth scienc-
es whose works were available in the sixteenth century, and Thornidke charged 
him with plagiarizing Jacques Besson’s L’art et la science de trouver les eaux of 
1567—there is little doubt that Palissy was probably one of the first men in France 
to teach natural sciences from facts, specimens, and demonstrations rather than 
hypotheses.

“Although he was well known as a potter, Palissy’s scientific work was not widely 
recognized in his lifetime. In 1588, soon after religious warfare once more broke 
out in France, Palissy was again imprisoned. He was taken to the Conciergerie, 
then transferred to the Bastille, where he died” (DSB).

“Palissy’s ‘Treatise on Metals and Alchemy’ in Discours admirables describes a 
world defined by a finite amount of material resources: “You must be sure that all 
the waters in the world, which have been and are, were all created in one and the 
same day, and if that is true of the waters, I say to you that the seeds of metals and 
all minerals and all stones were also created in one day” [translation from Palissy, 
1957]. But how to account for the evidence that nature perpetually continues to 
produce material? How to account for the geological records nature left which 
allude to the transformation and movement of material at a temporal scale imper-
ceptible to the human eye? Palissy seeks to explain ‘nature’s work’ after the initial 
creation of the earth by suggesting that while God had ‘left nothing imperfect,’ he 
had also set into motion conditions of perpetual change: ‘The sovereign Creator 
has left nothing void … [But] he has commanded nature to work, produce and 
conceive, consume and dissipate’. 
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“Of particular importance to Palissy is the issue of how metals come into being in 
nature and the inaccuracy of the various alchemical claims to create gold. In con-
trast to the alchemists, he proposes an observation-based, natural philosophical 
explanation that quite literally grounds the presence of metal in existing material 
resources. Minerals and metals respond to a ‘supreme substance which attracts 
others of its nature to form itself ’. Unlike vegetative matter, which, for Palissy, 
draws ‘material for growth’ from the earth, minerals and metals do the same from 
water ‘intermixed and hidden … in the womb of the earth.’ The presence of metal 
in a quarry is a record of a past ‘congelative’ process in which metals had already 
‘exert[ed] themselves to produce seeds to generate others’. Minerals and metals, 
like seeds, are able to will themselves out of their preexisting, dissolved state and 
into material existence in the uterine space of the earth’s womb: ‘It is also certain 
that women in milk, when away from sleeping children, feel in their breasts when 
they wake up and cry … Such movements exist not only in the human and brute 
creatures, but also in vegetable and metallic ones’.

“Palissy designates the water carrying these dissolved metals and minerals as a 
fifth element—a second, ‘congelative’ and ‘generative’ water intermingled with the 
normal ‘exhalative’ one. In a later essay in Discours admirables, he takes this line 
of inquiry further in order to examine the formation of rocks: ‘rocks cannot grow 
by vegetative action, but by a congelative increase [augmentation congelative] … 
[as] if one were to throw molten wax on a mass of wax already congealed’. Rain 
seeping down into ‘deep and hidden places in the interior of the earth’ carries 
with it salts and minerals that dissolve in its downward flows. Yet unlike the sen-
tient formation of minerals and metals, rocks form by means of a natural mold in 
confined areas. Quarries and mines are interpreted as spatially distinct containers 
in which liquid stagnates and ‘these matters . . . begin to congeal and harden and 
make one body and mass with the other rock’. Thus the preconscious attraction 
of mineral formation in rocks substitutes a similar action accomplished by the 
establishment of a rigid spatial boundary. 

“It seems likely that Palissy’s familiarity with the ceramist’s mold must have in-
fluenced his conception of congelative increase and the specification of water be-

ing ‘cast’ into rock within the crevices of the earth’s womb. By implication then, 
sources of rock … must once have been deep within the earth and submerged in 
water …

“In seeking to understand the process by which animal forms became record-
ed in rock, and the consequentially necessary presence of ancient water, Palissy 
makes the claim that fish behave ‘locally’ in the wild—proof that the biblical flood 
was not the cause of the numerous fossils scattered across the countryside, as it 
would not have caused fish to change their habitats. In Discours admirables, the 
personification of Theory presents the writings of the ‘famous physician’ Cardan 
as evidence that ‘the petrified shells scattered about the world came from the sea 
at the time of the Flood, when the waters rose above the highest mountains … 
and fishes roamed over the world, and that once the sea returned to its bed, it left 
the fishes behind’. But Practice refutes Theory with Palissy’s own observational 
evidence, stating that the Flood could not have scattered fish across the world 
because the Flood would not have caused aquatic creatures to significantly change 
their behavior, nor travel great distances: ‘And as for the shellfish, at the time of 
the storm they clung to the rocks in such a way that the wind could not tear them 
away, and many other fishes hid at the bottom of the sea, where the winds had 
no power to stir either the water or the fish’. Palissy thus views fossils of fish and 
other aquatic animals as evidence of the preponderance of a state of ‘congelative 
increase’ which is always local: ‘Therefore I maintain that shellfish, which are pet-
rified in many quarries, have been born on the very spot while the rocks were 
but water and mud, which since have been petrified together with these fishes’. 
Fish were already present because they predated the Flood, which in any case 
would not have displaced them from their habitats. The Flood had simply added 
water to environments that were already underwater, and when most of the water 
drained away had left behind a transitional condition of rock formation that had 
enabled the impression of fish into the rock’s still malleable surfaces” (Andrews, 
pp. 283-5).

Halliday notes that, in the Discours, Palissy recognised the biological origins of 
at least one form of trace fossil, including the specific identification of the trace 
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as being produced by pholad molluscs. “The earliest published example of a trace 
fossil being identified accurately is a description of the trace fossil Gastrochaeno-
lites from the collection of Bernard Palissy, published as a supplement to his Dis-
cours admirables in 1580 … The publication of Palissy’s identification occurred 
68 years before Aldrovandi’s was published, and 23 years before the manuscript 
on which that publication was based … Palissy’s is therefore the oldest example of 
an ichnological identification to be found in the published literature …

 “The work of Palissy was certainly influential, though it largely remained with-
in the French intellectual sphere … It was in these more immediately practical 
topics, from fertilisers to fortress design to the provisioning of spring water, that 
Palissy held most initial influence. Indeed, Sir Hugh Plat, in his 1594 work The 
Jewell House of Art and Nature, translated verbatim into English the sections of 
the Discours concerning arable practices, salts, and marls. Francis Bacon, known 
for his support of empiricism, presented in 1608 the ‘discourse by an Unknown 
Stranger to a Parisian audience of men’, a speech in favour of direct observation of 
nature, which has been taken to be an account of a lecture by Palissy.

“Palissy’s work remained known but obscure in the decades following the publi-
cation of the Discours … The priest and mathematician, Marin Mersenne refer-
ences ‘the excellent Discours by the said Palissy’. He recommends it, saying ‘Those 
who undertake to read it will easily believe that shells, herbs, animals, &c can 
be petrified and reduced to metal by the said eau congelative’ … By about 1720, 
Palissy was regularly brought up by natural scientists like Antoine de Jussieu, the 
Comte de Buffon, de Fontenelle, and de Réaumur in the context of his finding 
fossilised shells …

“Palissy’s works were reprinted repeatedly, indicating some degree of populari-
ty. The 1777 reprinting [Oeuvres de Bernard Palissy] was dedicated to Benjamin 
Franklin, noting that Palissy had been ‘nearly forgotten for two centuries’, and 
hoping to spread his name further afield. This reprinting included a comprehen-
sive list of texts that had made use of Palissy’s work in the intervening 200 years, 
and demonstrate that the Discours was highly respected, even if his contributions 
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to palaeontology were largely only recognised later” (Halliday).

Not in Adams or BM/STC Italian; Duveen, Bibliotheca alchemica et chemica, p. 
446 (‘A book of great importance in the history of chemistry and science generally 
... Extremely rare’); En français dans le texte, 1990, no. 72; Norman 1629; Neville, 
Historical chemical Library, 2006, p. 250; Rudbeck pp. 41-42; Thorndike V, pp. 
596-599. Andrews, ‘The space of knowledge: Artisanal epistemology and Bernard 
Palissy,’ RES: Anthropology and Aesthetics, No. 65/66 (2014/2015), pp. 275-288. 
‘Halliday, ‘The earliest-published recognition of a trace fossil and its producer,’ 
Ichnos, 2021 (DOI: 10.1080/10420940.2021.1930541). Palissy, Admirable Dis-
courses [1580] (La Rocque, tr.), 1957.
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A FUNDAMENTAL WORK OF 
MODERN CRYSTALLOGRAPHY - 
VERY RARE LARGE PAPER COPY
ROMÉ DE L’ISLE, Jean-Baptiste Louis. Essai de Cristallographie, ou Descrip-
tion des Figures géométriques, propres à différens Corps du Regne minéral, connus 
vulgairement sous le nom de cristaux, avec figures et développements. Paris: Didot 
jeune and Knapen & Delaguette, 1772.

$9,500

4to (265 x 205 mm), pp. [v], viii-xxxii, 427, [3] (including half-title), with 2 folding 
letterpress tables and 10 folding engraved plates. Contemporary calf, spine gilt in 
compartments with red morocco lettering-piece, red edges.

First edition, a magnificent and very rare large paper copy (both larger and print-
ed on thicker paper than the octavo issue), of one of the fundamental works of 
modern crystallography; it appeared 12 years before Haüy’s Essai d’une Théorie 
sur la Structure des Cristaux. Romé de L’Isle established that various shapes of 
crystals of the same natural or artificial substance are all closely related to each 
other. Measurements he took with a goniometer enabled him to determine that 
the angles between corresponding faces of a crystal are always the same, which 
earlier had only been described in specific cases, in particular by Niels Steno (this 
is often described as the first law of crystallography). In addition, he demonstrat-
ed that these angles are a characteristic of mineral type, introduced the concept 
of truncation, and also enlarged the crystallographic vocabulary. He “identified 
110 crystal forms (drawing upon Linnaeus, who had listed forty) and described 
in minute detail the minerals that exhibited them. He subdivided the various sub-
stances into salts, stones, pyrites, and metallic minerals, stating that he agreed 
with Linnaeus that geometrical form is the chief characteristic by which minerals 
may be classified. Also like Linnaeus, he held that saline principles imprinted 
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their own geometrical form upon the earthy constituent of each mineral” (DSB). 
“Very scarce. The Cristallographie ranks as one of the great contributions to the 
science of crystals. In it Romé de L’Isle attempted to make a comprehensive clas-
sification of crystals. By the time he wrote his volume he was extremely familiar 
with the subject and this work greatly surpassed all previous works in scope and 
detail. To apply his classification, he adopted a morphological approach in which 
he attempted to relate the diverse forms of crystals of the same substance. As 
a general morphological concept he introduced the idea of the ‘primitive form’. 
All crystals of the same inorganic substance, no matter how different in appear-
ance, had a fundamental and common geometrical form – the primitive form – to 
which their actual crystal shapes related … In this first edition of the Cristallog-
raphie, Romé de L’Isle identifies 110 crystal forms by which minerals crystallize. 
Grouped under each of these shapes are describe the minerals that exhibit similar 
habits, including the approximate angles between crystal faces. These forms were 
all derived from a common saline ingredient in every mineral that worked at a 
molecular level” (Schuh). Pages xii-xxviii contain an annotated bibliography of 
the principal works on crystals. The only large paper copy listed by ABPC/RBH is 
the Norman-Freilich copy, but our copy is significantly larger than even that copy 
(265 x 205mm versus 249 x 193mm).

“Romé, the son of a lieutenant in the cavalry, studied humanities at the Collège 
Ste. Barbe in Paris. In 1756 he entered the Royal Corps of Artillery and Engineer-
ing, which he accompanied, as a secretary, to the French Indies in the following 
year. From 1758 until 1761 he was in the enclave of Pondicherry, French India. 
When it fell to the English in 1761, Romé was taken prisoner and transported to 
China, where he stayed until 1764, when he returned to France” (DSB). 

“Romé de L’Isle had started collecting minerals during his travels as a naval offi-
cer. Back in Paris after the Indian Wars, he was introduced into mineralogy by the 
apothecary, chemist and mineralogist Balthazar Georges Sage (1740-1824), who 
became his friend. It was very fashionable at the time in Paris to have a mineral 
collection. The owner of an important private collection, Pedro Francisco Davila, 
wanted to sell his. At Sage’s suggestion, he asked Romé de L’Isle to draw up the in-

ventory. Romé made a very thorough job of it, the inventory running up to three 
thick volumes. This was his first work on mineralogy, published in 1767 [Cata-
logue systématique et raisonné des curiosités de la nature et de 1’art qui composent 
le cabinet de M. Davila]. It gave him the opportunity to study crystalline forms in 
detail and led to his Essai de Cristallographie (1772) …

“The context of the time was not very favourable for such studies, for had not the 
famous French naturalist Buffon written in his Natural history of Minerals, volume 
1 (1783): ‘One has pretended that rhombohedra constitute a specific character of 
calcareous spar, without being attention to the fact that some vitreous or metallic 
substances also crystallize in rhombohedra and that if calcareous spar does crys-
tallize often in rhombohedra, it also takes different other forms; and our crystal-
lographers, when trying to borrow from geometricians the way to transform a 
rhombohedron into an octahedron, a pyramid or a lens, have done nothing more 
than substitute ideal combinations to the real facts of Nature. This crystallization 
in rhombohedra, like all others, will never have a specific character. Not only is 
there no crystalline form common to different substances, but, conversely, there 
are few substances which do not present different crystallization forms, as shown 
by the prodigious variety of forms of calcareous spar itself ’ …

“In the preface Romé noted that ‘of the curious phenomena of the mineral king-
dom, those which struck him most were the regular and constant forms taken by 
some bodies designated by the name of crystals.’ He was encouraged by the works 
of Linnaeus, he added, to undertake the study of the angular forms of crystals and 
of their transformations. Their polyhedral shape was only known from the An-
cients only for quartz, diamond and a few others, and Romé widely extended this 
observation. Minerals were divided by him into four classes: salts, stony, pyritic, 
and metallic. For each mineral, the most frequent forms observed are described, 
with a reference to Linnaeus’s classification in Systema naturae … Steno’s ideas 
relative to the growth of quartz layer by layer are quoted at length, and Romé de 
L’Isle felt that they could be applied to all crystals. The book was a success, ac-
claimed by Linnaeus himself, and brought international fame to Romé de L’Isle … 
The importance of Romé de L’Isle’s work was stressed by Haüy who wrote (Leçons 
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de Physique, 1795): ‘To the exact descriptions he gave of the crystalline forms, he 
added the measure of the angles, and, which was essential, showed that these an-
gles were constant for each variety. In one word, his crystallography was the fruit 
of an immense work, almost entirely new and most precious for its usefulness.’

“Romé de L’Isle was also the first mineralogist to give a rational description of 
twins … He described, for instance, the dovetail twin of gypsum and the feldspars 
twins. He introduced the term macle to designate a crystal in which ‘one half is 
produced by the inversion in the opposite sense of the other half of the same crys-
tal’ – a property which he demonstrated by the concordance of angles” (Authier, 
pp. 313-6). 

“Romé’s friendship with Sage brought him membership in a number of learned 
societies, including the academies of Mainz, Stockholm, Berlin, and St. Peters-
burg. But it did him no service with the Paris Académie des Sciences, which re-
jected him on the ostensible grounds that he was a mere ‘catalogue maker.’ It is 
likely that Romé’s controversies with Buffon also played a part in his rebuff by the 
Academy” (DSB).

Freilich sale 460; Hoover 2681; Norman 1847; Schuh, Mineralogy & Crystallog-
raphy: A Bibliography, 1469 to 1920, 4151; Ward & Carozzi 1906; Wellcome IV, p. 
553. Authier, Early Days of X-ray Crystallography, 2013. 



ROMÉ DE L’ISLE, Jean-Baptiste Louis.



RÖSEL VON ROSENHOF, August Johann.

“ONE OF THE CLASSICS OF 
AMPHIBIOLOGY” (WOOD)
RÖSEL VON ROSENHOF, August Johann. Historia naturalis ranarum in qua 
omnes earum proprietates, praesertim quae ad generationem ipsarum pertinent, 
fusius enarrantur. Die natürliche Historie der Frösche hiesigen Landes worinnen 
alle Eigenschaften derselben, sonderlich aber ihre Fortpflanzung, umständlich bes-
chrieben werden. Nuremberg: Johann Joseph Fleischmann, [1753]-1758.

$32,500

Two parts in one vol., folio (462 x 315 mm), pp. [viii], viii, [2], 36; [37]-116, uncut. 
Title and text in Latin and German. Added engraved frontispiece depicting frogs, a 
salamander, and a lizard represented in and around a pond and a beautiful rose, 
climbing up a commemorative stone. 2x24 engraved plates depicting frogs, anatomi-
cal pictures of frogs, illustrations of certain anatomical details, frogspawn, polliwogs, 
etc. Each plate is present twice: 24 beautifully hand-coloured as well as 24 in black 
and white with the figure labels and other scientific indications added in the engrav-
ings, 8 large engraved headpieces, all different, showing natural scenes and scenic 
views. All the large frog plates were designed and painted by J. Roesel von Rosenhof 
and engraved by M. Tyroff. The headpieces were designed and executed by different 
artists. Original red stained calf spine over boards (spine ends worn). Overall an 
excellent copy.

First edition of one of the most beautiful works devoted to frogs and toads, with 
a strikingly beautiful frontispiece after the author, preface by Alfred von Haller 
and plates depicting all the then known species of frogs and toads indigenous 
to the locality of Nuremberg. Wood describes the work as “one of the classics of 
amphibiology. The illustrations are of the finest, and the whole work is admirably 
done ... altogether a very valuable, early contribution to the literature of the ba-
trachia.” “During his research on insects, Roesel studied amphibians and reptiles. 
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This work culminated in the publication of Historia naturalis ranarum in several 
instalments between 1753 and 1758. When all of them had appeared, Albrecht 
von Haller offered to contribute a preface to the work. The text of the Historia, 
printed in both Latin and German, contains descriptions of all the German frogs 
and toads. The twenty-four plates in large folio format are presented in pairs: 
those on the left-hand page show simple outlines of their subjects; those on the 
right-hand page are produced in unusually sumptuous and graphic colors. Along 
with illustrations of animal habitats and of copulating animals, the book contains 
drawings of anatomical preparations, individual organs, skeletons, and various 
stages of larval development. There are also extant six preliminary watercolours 
from a further work in which Roesel planned to treat tailed amphibians and liz-
ards in a similar fashion” (DSB). The reason the plates are in two states, coloured 
and black and white (which is the case in all copies known of this work) may be 
due to the fact that Rösel was both an artist and a naturalist and clearly those two 
parts were in conflict regarding the illustrations. Rösel started another volume 
on lizards and salamanders, but died unexpectedly in 1759 before he was able to 
complete it.

“The work of German artist and naturalist August Johann Rösel von Rosenhof, 
Historia naturalis ranarum nostratium, describes the natural history of all then-
known frogs and toads indigenous to the Nuremberg region in Germany. The 
title is noteworthy first for the extensive, accurate information in the text, print-
ed in two columns in both German and Latin. As Darrel Frost, a curator in the 
Herpetology Department in the Division of Vertebrate Zoology at the American 
Museum of Natural History, wrote in his essay on the book for Natural Histories, 
‘Rösel’s volume on German frogs represents in a very real sense the beginning of 
accurate life-history observation in amphibians’ (Frost, p. 38). The work is equally 
(if not more) renowned for its illustrations. The twenty-four folio, hand-colored 
copper engravings portray habitats, anatomy, reproductive behavior, and larval 
development stages in intricate detail.

“The quality of the artwork is not surprising given Rösel’s artistic background. 
Johann Rösel von Rosenhof was born in 1705  to a noble Austrian family near 

Arnstadt in the German principality of  Arnstadt-Schwarzburg. Orphaned at a 
young age, Rösel was sent for training to his uncle, Wilhelm Rösel, an animal and 
landscape painter, after he showed artistic talent. He eventually became a painter 
of portraits and miniatures to the Danish Court in Copenhagen before returning 
to Nuremberg and earning his living as a painter.

“Rösel’s passion for natural history was ignited by the work of Maria Sibylla Me-
rian, a German-born naturalist and illustrator who  is recognized as one of the 
most significant contributors to the field of entomology. Her Metamorphosis In-
sectorum Surinamensium  (1705) depicted the full life cycles of many Suriname 
insects. Merian was able to portray this life history information because she drew 
her subjects from life in their natural environments. Most naturalists of the day 
illustrated species from dead, preserved specimens, which contributed to a lack of 
knowledge about the true life cycle and origin of insects. Maria also portrayed the 
host plant for the species she studied and even illustrated the damage the insects 
left on the plants. 

“Merian’s work inspired Rösel to study and produce a similar work on German 
insects. His interest in the natural world also grew to include amphibians and rep-
tiles, and he used his leisure time to collect insect and amphibian eggs and larvae 
to observe their development. The first part of his first natural history publication, 
Der monatlich-herausgegebenen Insecten-Belustigung, was published in 1740. Four 
additional parts appeared over the years, with the final one being published post-
humously in 1761. 

“In 1753, Rösel published the first part of his Historia naturalis ranarum nostra-
tium. Completed in 1758, the work is a scientific and artistic marvel, and sev-
eral of the illustrated frogs, such as Bufo calamita (now Epidalea calamita) and 
Bufo fuscus (now Pelobates fuscus), became the types for their species … As Frost 
outlines in his essay, Rösel intended to produce a similar work for lizards and 
salamanders, but sadly was not able to complete it, as he died unexpectedly on 
March 27, 1759” (https://blog.biodiversitylibrary.org/2018/08/an-illustrated-nat-
ural-history-of-german-frogs.html).
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Nissen ZBI 3464; Wood 541. Frost, ‘Rösel von Rosenhof and His Natural History 
of Frogs,’ pp. 37-38 in: Baione (Ed.), Natural Histories: Extraordinary Rare Book 
Selections from the American Museum of Natural History Library, 2012.
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THE FINEST EXTANT COPY 
OF THE 1552 VESALIUS
VESALIUS, Andreas. De humani corporis fabrica, lib. VII. Lyons: Jean de 
Tournes, 1552.

$385,000

Two vols., 16mo (118 x 72mm and [vol. II] 120 x 74mm; binding size: 123 x 81mm 
and [vol. II] 127 x 80mm), pp. [1], 2-458, [54], 1-523, [45] and [vol. II] [1], 2-833, 
[79], four small woodcuts of the cranium on i1v and i2r-v, printer’s devices on ti-
tles (Cartier ‘Vipres o.’) and on versos of last leaf in vol. I and penultimate leaf in 
vol. II (Cartier ‘Prisme d’), six-line woodcut arabesque initials, matching woodcut 
head-pieces, error on printer’s note on a1v of vol. I corrected in ink, perhaps by the 
printer, ruled in red throughout (lower fore-corner of vol. I title a little frayed, short 
closed marginal tear to II:z8). Bound c. 1594-1597 for Pietro Duodo by the Parisian 
‘Atelier de la seconde palmette’ in gold-tooled citron morocco, covers with a border of 
leafy sprays surrounding a panel filled with laurel-branch medallions around one of 
six different floral tools, each cover centred with a larger medallion containing Duo-
do’s arms on the upper covers, and, on the lower covers, Duodo’s device and motto, 
flat spines similarly gilt with four flower medallions, author’s name and volume 
number tooled in central medallion, gilt edges. Modern cloth folding cases.

Second edition of the Fabrica, the Norman-Freilich copy in a superb fanfare bind-
ing for Pietro Duodo. “The work of Andreas Vesalius of Brussels constitutes one 
of the greatest treasures of Western civilization and culture. His masterpiece, the 
Humani Corporis Fabrica … established with startling suddenness the begin-
ning of modern observational science and research. [The] author has come to be 
ranked with Hippocrates, Galen, Harvey and Lister among the great physicians 
and discoverers in the history of medicine. However, his book is not only one of 
the most remarkable known to science, it is one of the most noble and magnif-
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icent in the history of printing. In it, illustration, text and typography blend to 
achieve an unsurpassed work of creative art; the embodiment of the new spirit of 
the Renaissance directed towards the future with new meaning” (Saunders and 
O’Malley, p. 9). “No other work of the 16th century equals it, though many share 
its spirit of anatomical inquiry. It was translated, reissued, copied and plagiarized 
over and over again and its illustrations were used or copied in other medical 
works until the end of the 18th century” (PMM). “Published when the author was 
only 29 years old, the Fabrica revolutionized not only the science of anatomy but 
how it was taught. Throughout this encyclopedic work on the structure and work-
ings of the human body, Vesalius provided a fuller and more detailed description 
of the human anatomy than any of his predecessors, correcting errors in the tradi-
tional anatomical teachings of Galen. Even more epochal than his criticism of Ga-
len and other ... authorities was Vesalius’s assertion that the dissection of cadavers 
must be performed by the physician himself. As revolutionary as the contents of 
the Fabrica and the anatomical discoveries which it published, was its unprece-
dented blending of scientific exposition, art and typography” (Garrison-Morton). 
This unauthorized pocket-sized edition, which closely follows the text of the 1543 
edition but reproduces only four of the woodcuts, was one of a series of small 
format editions of texts of proven success produced by Jean de Tournes I from the 
mid-1540s through the 1560s. During the previous decade Lyons had become a 
center for the publication of pocket editions of the medical classics, usually trans-
lated into French. The printer’s note on the verso of the first title explains that the 
edition was printed for the use of students, but clearly, “Jean de Tournes’ venture 
could scarcely have been a profitable one, for the Fabrica without [its] illustra-
tions was not the same book by any means” (Cushing). Cushing noted that copies 
with both volumes in matching bindings are rare.

Provenance: Pietro Duodo (1554-1611), Venetian ambassador to the Court of 
Henri IV from 1594 to 1597 (binding); 19th-century shelfmark or lot label on 
front free endpaper to vol. I, ‘365/2’; ‘991’ in ink on front pastedown of vol. II; 
Haskell F. Norman (bookplate, his sale, Christie’s New York, 18 March 1998, lot 
215); Joseph A. Freilich (label, his sale, Sotheby’s New York, 11 January 2001, lot 
537); Christie’s, 16 June 2015.

“Several motives underlay the composition and publication of the Fabrica. Ac-
cording to Vesalius medicine was properly composed of three parts; drugs, diet, 
and ‘the use of the hands,’ by which last he referred to surgical practice and espe-
cially to its necessary preliminary, a knowledge of human anatomy that could be 
acquired only by dissecting human bodies with one’s own hands. Through disdain 
of anatomy, the most fundamental aspect of medicine, or, as Vesalius phrased it, 
by refusal to lay their hands on the patient’s body, physicians betray their profes-
sion and are physicians only in part.

“Vesalius hoped that by his example in Padua and especially by his verbal and pic-
torial presentation in the Fabrica he might persuade the medical world to appre-
ciate anatomy as fundamental to all other aspects of medicine and that, through 
the application of his principles of investigation, a genuine knowledge of human 
anatomy would be achieved by others, in contrast to the more restricted tradi-
tional outlook and the uncritical acceptance of Galenic anatomy. The very word 
‘fabrica’ could be interpreted as referring not only to the structure of the body 
but to the basic structure or foundation of the medical art as well. Thus, Vesalius 
directed his work toward the established physician, whom he hoped to attract 
to the study of anatomy as a major but neglected aspect of a true medicine and, 
no less important, toward those members of the medical profession who were 
concerned with the teaching of anatomy and might be induced to forsake their 
long-accepted traditional methods for those proposed by Vesalius. As anatomy 
was then taught, he wrote, ‘there is very little offered to the [students] that could 
not better be taught by a butcher in his shop.’

“The Fabrica was also written to demonstrate the fallacious character of Galen-
ic anatomy and all that it implied. Since Galen’s anatomy was based upon the 
dissection and observation of animals, it was worthless as an explanation of the 
human structure; and since previous anatomical texts were essentially Galenic, 
they likewise were worthless and ought to be disregarded. Human anatomy was 
to be learned only by dissection and investigation of the human body, the true 
source of such knowledge. Nevertheless it was desirable that human dissection 
be accompanied by a parallel dissection of the bodies of other animals in order 
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to show the differences in structure and hence the source of Galen’s errors. ‘Phy-
sicians ought to make use not only of the bones of man but, for the sake of Galen 
of those of the ape and dog.’ It was because of Vesalius that Padua became the first 
great center of comparative as well as of human anatomical studies, a dual interest 
that continued to develop under his successors Falloppio, Fabrici, and Casserio.

“According to Vesalius, the student or physician ought to carry on these activities 
himself and should personally dissect the human body … Even the reader of the 
Fabrica must not be content to accept Vesalius’ descriptions without question but 
ought to test them by his own dissections and observations. For this purpose the 
descriptive chapters of the Fabrica are frequently followed by directions for mak-
ing one’s own dissection of the part described so as to arrive at an independent 
conclusion.

“Vesalius regarded the Fabrica as the gospel of a new approach to human anatom-
ical studies and a new method of anatomical investigation. In Padua both the gos-
pel and its explications were presented directly by the author. For those elsewhere 
it was presented through the Fabrica with its long and complete descriptions, its 
illustrative and diagrammatic guides to aid recognition of details and to supple-
ment the reader’s possible shortage of dissection specimens, and even its indirect 
encouragement of body snatching if necessary. The work reflects fully Vesalius’ 
method of instruction from about the end of 1539 through 1542 …

“The presentation of a new anatomy and anatomical method raised several prob-
lems, of which the first was that of terminology. As in the Tabulae anatomicae 
(1538), Vesalius continued to use terms from several languages but stressed the 
Greek form wherever possible. If this was not enough for clarity, an extensive 
description was given to localize the part with reference to other parts, and il-
lustrations of the particular organ or structure were provided. Additionally, as a 
mnemonic device and for increased comprehension, anatomical structures were 
related to common objects, the radius, for example, being compared to the weav-
er’s shuttle and the trapezius muscle to the cowl of the Benedictine monks. Some 
of Vesalius’ terms are still in use, so that this aspect of his pedagogy plays the 
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same role today as it did in the sixteenth century. Thus the names of two of the 
auditory ossicles, the incus and malleus, are derived from Vesalius’ description of 
them as ‘that one somewhat resembling the shape of an anvil [incus]” and “that 
one resembling a hammer [malleus].’ The valve of the left atrioventricular orifice, 
the mitral valve, ‘you may aptly compare to a bishop’s miter’ …

“Owing to the larger amount of dissection material available to him, Vesalius was 
not compelled to follow the traditional pattern of dissection and description orig-
inally established by Mondino (1316). Consequently, book I of the Fabrica opens 
with a description of the bones. This arrangement was desirable since according 
to Vesalius the bones are the foundation of the body, the structure to which ev-
erything else must be related; and in his anatomical demonstrations he was accus-
tomed to sketch the position of the bones on the surface of the body with charcoal 
in order to orient the students. The fundamental significance of the bones was 
further indicated by his reference to the femur, for example, as either the bone 
itself or the entire leg of which the bone was the basic structure. Moreover, the 
bones are not only supports for the body; since by their structure and formation 
they assist and control movement, it is necessary to recognize in them a dynamic 
quality that Vesalius sought to emphasize by the suggestion of movement in the 
poses of the skeletons …

“In his description of human osteology, the subject of book I, Vesalius made some 
of his strongest assaults upon Galenic anatomy. He called attention to Galen’s false 
assertion that the human mandible is formed of two bones and demonstrated the 
significance of this error as reflecting a dependence upon animal sources. Like-
wise he pointed to the fact that the Galenic description of the sternum as formed 
of seven segments is true of the ape but not of the adult human sternum, which 
has only three. Similarly the ‘humerus, according to Galen, is with the exception 
only of the femur, the largest bone of the body. Nevertheless the fibula and tibia 
are distinctly of greater length than the humerus.’ In addition to such criticisms, 
there is extensive description of osteological detail, which, because much of it 
was wholly novel, required detailed illustrations, elaborately related by letter and 
number to the text. Despite some errors of description and occasional references 

to animal anatomy in the Galenic tradition, this first book represents Vesalian 
anatomy on the highest level. It concludes with a remarkable chapter on the pro-
cedure for preparation of the bones and articulation of the skeleton, since it was 
essential that a skeleton always be available at the dissection. Such a skeleton is a 
central figure of the title page.

“As he had done with the bones, so Vesalius endeavored in book II to identify and 
give the fullest possible description of every muscle and its function … The first 
two books represent the major Vesalian achievement in terms of accuracy of de-
scription and present the most telling blows against Galenic anatomy. In book II 
Vesalius also most frequently provided chapters dealing with the dissection pro-
cedure used to arrive at his conclusions. The description of the vascular system in 
book III is less satisfactory because of Vesalius’ failure to master the complexities 
of distribution of the vessels and because of the close relationship of the vascular 
system to Galenic physiology. Vesalius was compelled to subscribe to this for lack 
of any other theories. The errors in the Vesalian description of the distribution 
of the vessels are due to his reliance on Galen, as the only other writer to have 
attempted such a description in detail, and to the difficulty of discovering anew 
the entire vascular arrangement in rapidly putrefying human material. Although 
Vesalius was partly successful, as, for example, in his account of the interior mes-
enteric and the hemorrhoidal veins, there are many indications that he was com-
pelled to rely for much of his account on the anatomy of animals. This is clearly 
apparent in the illustration of the “arterial man,” where the arrangement of the 
branchings of the aortic arch actually illustrate simian anatomy.

“Book IV provides an account of the nervous system. It is introduced by an at-
tempt to clarify and limit the meaning of the word ‘nerve’ to the vehicle trans-
mitting sensation and motion, because ‘leading anatomists declare that there are 
three kinds of nerve’: ligament, tendon, and aponeurosis. ‘From dissection of the 
body it is clear that no nerve arises from the heart as it seemed to Aristotle in par-
ticular and to no few others.’ Although Vesalius was obliged to accept the Galenic 
explanation of nervous action as induced by animal spirit distributed through 
the nerves from the brain, his examination of the optic nerve led him to the con-
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clusion that the nerves were not hollow, as Galen had asserted. ‘I inspected the 
nerves carefully, treating them with warm water, but I was unable to discover a 
passage of that sort in the whole course of the nerve.’

“Vesalius accepted Galen’s classification of the cranial nerves into seven pairs 
even though he recognized more than that number and described a portion of 
the trochlear nerve. To avoid confusion he declared that he would ‘not depart 
from the enumeration of the cranial nerves that was established by the ancients.’ 
Although he was not wholly successful in his efforts to trace the cranial nerves to 
their origins, and despite some confusion about their peripheral distribution, the 
level of knowledge in the text and illustrations was well above that of contempo-
rary works and was not to be surpassed for about a generation. Vesalius was more 
successful in tracing the spinal nerves, but on the whole the account of the nerves 
must be described as being of lesser quality than some of the other books.

“The description of the abdominal organs in book V is detailed and reasonably 
accurate. Since he knew of no alternative Vesalius accepted that aspect of Galen’s 
physiology which placed the manufacture of the blood in the liver. Nevertheless 
he denied not only that the vena cava takes its origin from the liver but also that 
the liver is composed of concreted blood. Here his strongest blow against Galen 
and medieval Galenic tradition was his denial, based on human and comparative 
anatomy, of the current belief in the liver’s multiple (usually five) lobes. Accord-
ing to Vesalius the number of lobes increased with the descent in the chain of 
animal life. In man the liver had a single mass, while the livers of monkeys, dogs, 
sheep, and other animals had multiple lobes that became more numerous and 
more clearly apparent. This difference once again proved the error of dependence 
upon nonhuman materials.

“Vesalius also denied the erroneous Galenic belief that there was a bile duct open-
ing into the stomach as well as one into the duodenum. In regard to the position 
of the kidneys, he had begun to move away from the erroneous view expressed 
in the Tabulae anatomicae that the right kidney was placed higher than the left. 
Although this error is illustrated in the Fabrica, the text declares that the reverse 
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could also be true. Despite this partial error of traditionalism. Vesalius denied a 
second traditional opinion that the urine passed through the kidneys by means of 
a filter device. The filter theory had also been denied by Berengario da Carpi; but 
Vesalius went a step further by asserting that the ‘serous blood’ was deliberately 
selected or drawn into the kidney’s membranous body and its ‘branchings’ to be 
freed of its ‘serous humor’ in the same way that the vena cava was able to select 
and acquire blood from the portal vein, and that the excrement was then carried 
by the ureters to the bladder.

“The book ends with a discussion of human generation and the organs of re-
production. Although Vesalius denied the medieval doctrine of the seven-celled 
uterus and declared the traditional representation of the horned uterus to result 
from the use of animal specimens, his description of the fetus and fetal apparatus 
was of less significance, reflecting, as he admitted, the lack of sufficient pregnant 
human specimens.

“Book VI describes the organs of the thorax. It is chiefly important for the descrip-
tion of the heart, which Vesalius described as approaching the nature of muscle in 
appearance, although it could not be true muscle since muscle supplied voluntary 
motion and the motion of the heart was involuntary. In this instance Vesalian 
principle bowed to Galenic theory, and recognition of the muscular substance of 
the heart had to await William Harvey’s investigations in the next century.

“Like all his contemporaries Vesalius regarded the heart as formed of two cham-
bers or ventricles. The right atrium was not considered to be a chamber but rather 
a continuation of the inferior and superior venae cavae, considered as a single, 
extended vessel; and the left atrium was thought to be part of the pulmonary vein. 
According to Galen the ventricles were divided by a midwall containing min-
ute openings or pores through which the blood passed or seeped from the right 
ventricle into the left, an opinion that Vesalius strongly questioned even though 
by implication he was casting doubt on Galen’s cardiovascular physiology. ‘The 
septum of the ventricles having been formed, as I said, of the very thick substance 
of the heart … none of its pits-at least insofar as can be ascertained by the sens-

es-penetrates from the right ventricle into the left. Thus we are compelled to as-
tonishment at the industry of the Creator who causes the blood to sweat through 
from the right ventricle into the left through passages which escape our sight.’ 
Finally Vesalius gave strong expression to his opinion of ecclesiastical censorship 
over the question of the heart as the site of the soul. After referring to the opinions 
of the major ancient philosophers on the location of the soul, he continued:

‘Lest I come into collision here with some scandalmonger or censor of heresy, 
I shall wholly abstain from consideration of the divisions of the soul and their 
locations, since today… you will find a great many censors of our very holy and 
true religion. If they hear someone murmur something about the opinions of Pla-
to, Aristotle or his interpreters, or of Galen regarding the soul, even in anatomy 
where these matters especially ought to be examined, they immediately judge him 
to be suspect in his faith and somewhat doubtful about the soul’s immortality. 
They do not understand that this is a necessity for physicians if they desire to 
engage properly in their art …’

“The seventh and final book provides a description of the anatomy of the brain, 
accompanied by a series of detailed illustrations revealing the successive steps 
in its dissection. Until the time of Vesalius, illustrations of the brain and any ac-
companying text usually stressed the localization of intellectual activities in the 
ventricles, with perception in the anterior ventricles, judgment in the middle, 
and memory in the posterior. Sensation and motion were considered the work of 
animal spirit produced in a fine network of arteries at the base of the brain, the 
rete mirabile. The existence of the rete mirabile in the human brain had been ques-
tioned by Berengario da Carpi. It was now firmly denied by Vesalius, who showed 
the belief in this organ to have been the result of dissection of animals, since such 
an arterial network does in fact exist in ungulates. Vesalius was also the first to 
state that the ventricles had no function except the collection of fluid. Moreover, 
he denied that the mind could be split up into the separate mental faculties hith-
erto attributed to it. As a corollary he intimated that although animal spirit affect-
ed sensation and motion, it had nothing at all to do with mental activity-in short 
he suggested a divorce between the physical and mental animal. The discussion 
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of the brain is concluded by a chapter on the procedure to be followed for its dis-
section and by a final, separate section on experiments in vivisection, derived and 
developed mostly from experiments described by Galen. The separate treatment 
of this latter material indicated a recognition of physiology as a discipline distinct 
from anatomy.

“In the Fabrica Vesalius made many contributions to the body of anatomical 
knowledge, by description of structures hitherto unknown, by detailed descrip-
tions of structures known only in the most elementary terms, and by the correc-
tion of erroneous descriptions. Despite his many errors his contribution was far 
greater than that of any previous author, and for a considerable time all anato-
mists, even those unsympathetic to him, were compelled to refer to the Fabrica. 
Its success and influence can be measured by the shrillness of Galenic apologists, 
by the plentiful but unacknowledged borrowings of many, and by the avowed 
indebtedness of the generous few, such as Falloppio. Although Colombo, Fallop-
pio, and Eustachi corrected a number of Vesalius’ errors and in some respects 
advanced beyond him in their anatomical knowledge, Colombo published his 
anatomical studies sixteen years after the appearance of the Fabrica, Falloppio 
eighteen, and Eustachi twenty. Furthermore, they relied heavily upon Vesalius’ 
work, the detailed nature of which made it relatively easy for others to correct or 
to make further contributions. Although their accomplishments deserve recogni-
tion they were built upon Vesalian foundations.

“More important than the anatomical information contained in the Fabrica was 
the scientific principle enunciated therein. This was beyond criticism, fundamen-
tal to anatomical research, and has remained so. It was not difficult to demon-
strate Galen’s errors of anatomy, but such a demonstration was only a means to an 
end. Its significance lay in the reason for those errors: Galen’s attempt to project 
the anatomy of animals upon the human body. From time to time others had 
pointed to Galenic errors, but no one had proposed a consistent policy of doubt-
ing the authority of Galen or of any other recognized authority until the only 
true source of anatomical knowledge—dissection and observation of the human 
structure—had been tested. With the publication of the Fabrica all major investi-

gators of anatomy were compelled to recognize the new principle, even though at 
first some paid no more than lip service to it …

“Advanced by the successive occupants of the anatomical chair at Padua (Realdo 
Colombo, Gabriele Falloppio, and Fabrici), the Vesalian principles were thence 
diffused through Italy and later throughout western Europe. By the beginning of 
the seventeenth century, with the exception of a few conservative centers such as 
Paris and some parts of the Empire, Vesalian anatomy had gained both academic 
and general support” (DSB).

“The present copy, one of about 100 small-format editions purchased by Pietro 
Duodo during his ambassadorship in Paris, whose nearly uniform bindings he 
commissioned from a single Parisian atelier, is undoubtedly the finest copy ex-
tant of the 1552 Vesalius. From their first appearance on the market at the end 
of the 18th century, these exquisite little red-ruled books with their semis of flo-
ral medallions were attributed to the library of Marguerite de Valois, apparent-
ly on no other grounds than the daisies that liberally decorate their covers. In 
1925 Ludovic Bouland identified the true owner as the Venetian diplomat Pi-
etro Duodo, but the attribution to a specific bindery remained speculative, the 
execution of the bindings being generally ascribed to the catch-all shop of Clo-
vis Eve. The use of the same set of tools on all of the bindings bearing Duodo’s 
arms and device, as well as the uniformity of their sewing structure, show that 
Duodo commissioned all of his bindings from the same atelier, very likely all at 
once or in two or three large batches. For example, nearly all of Duodo’s bind-
ings contain an identical system of enlacement, the ends of the sewing bands 
forming a ‘t’ shape visible under the pastedown endleaves, and the endleaves 
invariably consist of a sheet folded in quarto to form four leaves including the 
pastedown, all from the same paper stock, with watermark Briquet 9273 (cf. 
Needham). In 1979 a vase tool used on only two known examples of Duodo’s 
books was identified by Bernard Breslauer (Martin Breslauer catalogues 104/195) 
as belonging to the bindery named by G. D. Hobson (in Les Reliures a la fanfare) 
the ‘Atelier de la seconde Palmette’, the most prolific of the late 16th and ear-
ly 17th-century Parisian binderies specializing in the ‘fanfare’ decor. Needham 
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points out that the large number of similarly decorated small-format bindings 
of this period, often on devotional texts, that are without Duodo’s arms and bear 
slightly different tools points to the likelihood that the distinctive design cho-
sen by Duodo was modelled after an existing binding style, rather than being 
the paradigm for subsequent imitations, as the term ‘Duodo-style’ would imply.  
 
“As an active diplomat who had already resided in Poland and was later to serve as 
ambassador to Prague, London and the Vatican, Duodo’s aim in his Paris buying 
was to form a portable gentleman’s library. The 90 titles (in 133 volumes) recorded 
by Raphael Esmerian reveal a typical humanist private library. Most of the texts 
are in Greek or Latin, and the subject areas covered, distinguished by differently 
colored morocco, are predominantly literary (72 volumes, olive-brown moroc-
co), or relate to theology philosophy and history (46 volumes, red morocco), but 
also include a small group of books on botany and medicine (15 volumes, citron 
morocco). Duodo apparently never entered into possession of his freshly bound 
library being suddenly recalled to Italy in 1597, and the books remained in Paris, 
untouched for 200 years, until at the time of the Revolution they gradually began 
to appear on the market. They were immediately valued by collectors, largely be-
cause of the mistakenly attributed provenance, making it probable that the extant 
recorded copies represent a major proportion of the original library” (Norman 
sale catalogue).

PMM 71; Grolier, Medicine 18A; Dibner 122 (all for the first edition); Norman 
2138; Adams V-604; Cartier De Tournes 235; Cushing VI.A.-2 (noting that copies 
with both volumes in matching bindings are rare); NLM/Durling 4578; Waller 
9900; Wellcome I, 6561; Bouland, ‘Livres aux armes de Pierre Duodo’, Bulletin 
du bibliophile (1920), pp. 66-80; Bibliothèque Raphael Esmerian, Part I (6 June 
1972), pp. 94-96, lots 59-61; Needham, Twelve Centuries of Bookbinding 98; M. 
von Arnim, ed., Europäische Einbandkunst aus sechs Jahrhunderten, 1992, p. 72.
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FIRST VERNACULAR EDITION – 
A SUPERB COPY
VITRUVIUS, Marcus Pollio. De architectura libri dece. [Translated by Cesare Ce-
sariano. Commentary by Cesariano, Benedetto Biovio, and Bono Mauro]. Como: 
Gottardo da Ponte for Agostino Gallo and Aloisio Pirovano, 1521.

$325,000

Large folio (431 x 296mm), ff. 192 leaves, 117 text woodcuts, 9 of them full-page, 
block on X6r signed with the initials of Cesariano, who drew many of the illustra-
tions (minor damp staining, ff. G6 and Y7 lightly browned). Contemporary blind-
tooled calf over wooden boards (probably executed at Nuremberg), remains of brass 
clasps (spine cracked and fragile). The Pfeiffer catalog notes that “the blind-stamped 
binding shows rich decorative ornaments and figures, medallion portraits of kings, 
including Maximilian I [of the Holy Roman Empire (1459-1519)], the Nuremberg 
eagle, etc.” A fine and very large copy, entirely unrestored. Very rare in this condition.

First edition in the vernacular, and a superb large copy untouched in its first 
binding, of one of the finest illustrated books of the Italian Renaissance. “This 
handbook on classical architecture is the only Roman work inspired by Greek 
architecture that has come down to us. It is therefore important as a prime source 
of many lost Greek writings on the subject and as a guide to archaeological re-
search in Italy and Greece. By exemplifying the principles of classical architecture 
it became the fundamental architectural textbook for centuries. Vitruvius, who 
lived during the time of Julius Caesar and Augustus, and probably composed his 
book prior to 27 BC, was basically a theoretical rather than a practising architect 
and his only known work is the Basilica at Fano. The 10 books of ‘On architec-
ture’ deal with principles of building in general, building materials, designs of 
theatres, temples, and other public buildings, town and country houses, baths, 
interior decoration and wall paintings, clocks and dials, astronomy, mechanical 
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and military engineering. There are many ingenious devices for dealing with the 
echo in theatres and ideas on acoustic principles generally; on methods of san-
itation – Vitruvius is believed to have been responsible for the new plumbing 
system introduced when Augustus rebuilt Rome; on correct proportions, proper 
location of building, town planning, and much on ballistic and hydraulic prob-
lems. The classical tradition of building, with its regular proportion and symme-
try and the three orders – Doric, Ionic and Corinthian – derives from this book. 
In recent times Vitruvius’s considerable importance in the history of science has 
also been recognised as he made some valuable contributions to astronomy, ge-
ometry, and engineering. Although his influence on practical architecture during 
the Middle Ages was obviously small, at least 55 manuscripts of the De Architec-
tura are known … It was with the Renaissance that his influence began. Alber-
ti, Bramante, Ghiberti, Michelangelo, Vignola, Palladio and many others were 
directly inspired by Vitruvius. The first printed edition appeared in Rome (ca. 
1483-90), the first illustrated one in Venice, 1511, and French, German, Italian 
and Spanish translations soon followed, The Como edition of 1521 is the first in 
Italian – by Cesare Cesariano (1483-1543), a pupil of Bramante. It has splendid 
new illustrations, some of which are now attributed to Leonardo da Vinci, and is 
the most beautiful of all the early editions” (PMM). The text by Vitruvius, in the 
translation by B. Mauro da Bergamo and B. Jovio da Camasco, occupies the cen-
ter of the page in large letters; Caesarino’s commentaries, which stop at chapter 
VI, are printed around it, in a smaller type. The 117 woodcuts, which form the 
iconography, mark, according to Roland Recht, an essential moment in Western 
architecture. Printed alternately on a black and white background, these wood-
cuts are considered as models of their kind; they were executed according to the 
designs of Caesarino, Massimo Bono Mauro da Bergamo and Benedetto Giovio 
(1471-1545). The publication of this work was initiated by Cesariano with the fi-
nancial support of two sponsors, Augustino Gallo and Aloysio Pirovano, and was 
to have been carried out in Milan, but the arrival of the French in this city resulted 
in the work being printed in Como; Gottardo da Ponte was brought specially to 
Como to carry out the printing, which may have been a print-run of 1300 copies. 
As recorded in the concluding editors’ address to the reader, Cesariano abruptly 
abandoned the project after quarreling with Gallo and Pirovano in May 1521; his 

commentary ends at Chapter 6 of Book IX, and the remainder was completed by 
Giovio and Mauro. The present copy is in the first state, with the error ‘tuta lopera’ 
uncorrected in the heading on f. Z8r.

Provenance: Christoph Andreas IV. Imhoff (1734-1807), numismatist (ex-libris); 
Alfred Ritter von Pfeiffer (Cat. I, Leipzig, 4-6 May 1914, No 696, “magnificent 
copy of Vitruvius, whose well-preserved specimens are the greatest scarcity”), 
with his 19th century armorial bookplate and what could be his shelfmark ac-
companied by a crowned label [AP]; Pierre Berès (1913-2008) (Cat. IV, Cabinet 
books, 2006, No. 7), described as “the king of French booksellers” in his New 
York Times obituary and as “a legendary figure in the world of art, collecting and 
publishing” by French culture minister Christine Albanel; Alde, March 6, 2014, 
lot 6 (€158,600).

“The known facts of Vitruvius’ career are that he worked in some unspecified ca-
pacity for Julius Caesar; that he was subsequently entrusted with the maintenance 
of siege engines and artillery by Caesar’s grandnephew and adopted heir, Octavi-
anus, later the Emperor Augustus; and that on retirement from this post he came 
under the patronage of Augustus’ sister, Octavia (I, praef., 2). It is often suggested, 
on the evidence of Frontinus (De aquis urbis Romae, 25), that book VIII of De ar-
chitectura may have been the fruit of personal experience as a hydraulic engineer 
during Agrippa’s construction of the Aqua Julia in 33 B.C.; but Frontinus is in fact 
quoting Agrippa and Vitruvius as possible alternative sources for his information, 
and the relevant passages in Vitruvius contain some surprising technical errors. 
Vitruvius’ only excursion into civil architecture was the building of a basilica at 
Fanum Fortunae, the modern Fano, on the Adriatic Coast (V, 1, 6–10). This com-
mission, coupled with what appears to be a personal knowledge of many of the 
Roman cities in the Po valley (for instance, I, 4, 11; II, 9, 16; V, 1, 4), suggests that, 
like many of those prominent in the culture of Augustan Rome, Vitruvius may 
have been of north Italian origin. It should be noted that in the first century of the 
Christian era, a freedman of the same family, Lucius Vitruvius Cerdo, is named as 
architect of the Arch of the Gavii at Verona.
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“Vitruvius’ writings belong to the last period of his life (II, praef., 4). The books 
were all dedicated to his patron, Octavianus, after the latter had achieved undis-
puted rule of the Roman world by his victory at Actium in 31 B.C. but before 
the title of Augustus, conferred on him in 27 B.C., had passed into general use. 
The later title is found only once (V, 1, 7), used in reference to a temple of Au-
gustus (aedes Augusti) annexed to the basilica at Fano; otherwise he is addressed 
throughout as Caesar or Imperator. Moreover, although Vitruvius makes it clear 
that his patron was already launched on the great building program that was to 
change the face of Rome, the buildings specifically cited all belong to that pro-
gram’s earliest years.

“De architectura comprises ten books, each with a separate preface. Book I, after a 
long introductory section defining the nature of architecture and the personality 
and ideal training of the architect, discusses town planning in very broad terms. 
Book II covers building materials (brick, sand, lime, stone, timber) and methods. 
Books III and IV are devoted to religious architecture and to a detailed discussion 
of the classical orders, and book V to other forms of public architecture, with 
special emphasis on the theater. Book VI deals with domestic architecture, and 
book VII with such practical matters as types of flooring, stuccowork, painting, 
and colors. Book VIII turns to the sources and transport of water, by conduit or 
aqueduct. After a long excursus on astronomy, book IX describes various forms 
of clocks and dials; while book X covers mechanics, with particular reference to 
water engines, a hodometer, and artillery and other forms of military engineer-
ing. The illustrations that accompanied the text had already been lost when the 
earliest surviving manuscripts were transcribed.

“To modern readers this may seem a rather curious mixture of subject matter, 
but antiquity did not recognize the nineteenth-century distinction between ar-
chitecture and mechanical engineering. The two available sources of architectural 
training were apprenticeship to an established builder or, as in the case of Vitru-
vius, service as a military engineer. Thus, the great Roman architect Apollodorus 
was equally at home building Trajan’s Forum in Rome or bridging the Danube for 
his armies. The scheme of De architectura does in fact follow closely the tripartite 
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subdivision of the subject enunciated in the introduction: on building (aedifica-
tio) in books I–VII, on the making of timepieces (gnomonice) in book IX, and 
on mechanical devices (machinatio) in book X; hydraulics, which included both 
aedificatio and machinatio, bridges the transition in book VIII. Whether this clas-
sification was derived from some earlier authority, or whether it was Vitruvius’ 
own, designed to embody his special interests, it would not have seemed illogical 
to a Roman reader.

“As defined in book I, Vitruvius’ architect is, according to R. Krautheimer. ‘a 
strangely ambiguous being … both a practitioner and a theoretician, and in the 
latter capacity a walking encyclopedia: versed not only in draftsmanship, geom-
etry, and arithmetic but also in history, philosophy, and science, with a good 
smattering of musical theory, painting and sculpture, medicine, jurisprudence, 
astronomy and astrology.’ The theme of architecture as one of the liberal arts is 
ostentatiously picked up and dropped at intervals throughout the work, but at 
very few points can it be said seriously to illuminate the main subject matter. De 
architectura illustrates the range of scientific knowledge that might be available to 
a well-read professional man of Vitruvius’ time: and it reflects what other, more 
critical minds held to be the ideal relationship between (to use a modern distinc-
tion) science and the arts. But in the context of a treatise on real architectural 
practice, it is little more than a pretentious literary exercise.

“Any appraisal of the historical significance of Vitruvius’ treatise has to begin by 
recognizing that his writings reflect the two distinct aspects of his architectural 
personality: the practitioner and the theoretician. The former is well represented, 
for example, in book II (on materials) and in book VII (on the techniques for lay-
ing floors and for finishing and decorating walls), both of which contain a great 
deal of practical information that would have been part of the stock in trade of 
any competent working builder. Without such knowledge Vitruvius would have 
been unable to handle the specifications for his basilica at Fano or to supervise the 
work on it. The mark of personal experience is revealed in his comments on such 
matters as the qualities of stone available around Rome and how to use them (II, 
7); on the relative merits of the concrete building finishes known as opus incertum 

and opus reticulation (II, 8, 1); and, in a section that otherwise relies heavily upon 
the early Hellenistic writer Theorpharastus, his remarks on the qualities of the 
north Italian larch tree. At the same time, and very characteristically, Vitruvius 
shows no awareness of the larger significance of the concrete-vaulted architec-
ture of which both opus incertum and opus reticulatum were manifestations; and 
from the list of earlier Italian architects whose opinions he would have valued 
(VII, praef., 17) he omits Lucius Cornelius, the trusted architect of the censor 
Quintus Lutatius Catulus, whose building of the Tabularium at Rome in 78 B.C. 
and whose restoration of the Temple of Jupiter Capitolinus, completed in 69 B.C., 
were among the most important and forward-looking architectural events of 
their time. Equally characteristic is his sweeping denunciation of contemporary 
trends in interior decoration (VII, 5, 5–8), as represented in the wall paintings of 
the Pompeian Second Style and their equivalents in Rome. His familiarity with 
contemporary building practice did not entail approval of contemporary archi-
tectural taste.

“That Vitruvius’ tastes were strongly conservative is unquestionable. He makes 
no attempt to conceal his contempt for the innovations introduced by many of 
his contemporaries. This fact has, however, led to much misunderstanding of the 
extent of his influence upon the architecture of his own time. It would seem nat-
ural to accept Vitruvius as a spokesman for the traditionalist architects of his day. 
He was living at a time when the forces of traditionalism and of innovation were 
still very evenly balanced, the former represented by the established formulas of 
column, architrave, and timber roof inherited from Greece and quintessentially 
present in the use of the classical orders, and the latter represented by the new, 
forward-looking, concrete-vaulted architecture of late Republican Latium and 
Campania. In a great many respects the monumental architecture of the Augus-
tan age was a product of the lively creative dialogue between these two forces; 
and despite his staunch conservatism, Vitruvius could still have been a significant 
contributor to the great Augustan building program that in so many respects was 
to remain the touchstone of architectural excellence for centuries to come.

“This view does not stand up to critical examination. Books III and IV, discussing 
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temple architecture and the classical orders, are central to Vitruvius’ own inter-
ests and to his conception of architecture; yet both in his selection and handling 
of source material it is evident that he is expressing a highly personal – and on 
many points a positively antihistoric – point of view. In the preface to book VII 
he quotes a number of earlier writings, almost exclusively in Greek and consisting 
largely of accounts of individual buildings written by their builders or treatis-
es on particular aspects of architecture, such as proportions and machinery. He 
was probably right in claiming that no previous writer had tried systematically to 
encompass the whole field of architectural theory and practice; his own achieve-
ment, he claims, was the first really comprehensive study (corpus architecturae: 
II, 1, 8; see IV, praef., 1, disciplinae corpus). But in practice Vitruvius was very 
selective. His own preferred sources were Pythius, architect of the Mausoleum at 
Halicarnassus (fourth century B.C.) and, above all, Hermogenes (active ca. 200 
B.C.); and the models on which he constructed his own system almost exclusively 
used the Ionic order and were located in Asia Minor. If he had read, for example, 
Ictinus’ account of the Parthenon, he can have had little sympathy with it; and in 
practice he disregarded it. The great Doric temple architecture of archaic and clas-
sical Greece is dismissed (IV, 3, 3) out of hand: ‘because of this [the difficulty of 
producing a consistent arrangement of triglyphs and metopes at the outer angles 
of the frieze] it seems that the ancients avoided the Doric order in their temples.’ 
In its place he does, it is true, offer a prescription (IV, 3, 3– 10) for laying out a 
Doric temple in accordance with his own modular principles —how else could he 
justify his claim to be presenting a conspectus of the whole of architecture?-but 
the result is patently an exercise in Vitruvian method, not an objective analysis of 
the work of the great historical masters.

“It is this readiness to define perfection in quantitative terms, and to lay down 
finite laws governing planning and perfection, that constitutes the essence of Vit-
ruvian method. The history of architecture is to be regarded as that of an evo-
lution based on a series of revelatory discoveries leading to certain definitive 
achievements (finitiones) that it was Vitruvius’ task to expound. In this view he 
was following a line of late Hellenistic thinking to which many educated Romans 
of his day would have subscribed. But whereas, for example, Cicero in Deoratore 
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could see the possibility of a diversity of manifestations of perfection, Vitruvius’ 
approach lacked any such flexibility. By imposing a system of strict numerical 
analysis upon his models, he contrived to reduce temple planning to a series of 
rules based on the ‘correct’ dimensions of each constituent element relative to a 
constant module. There is no hint of awareness that this modular formulation of 
the laws governing the proportions of the orders is no more than a convenient 
device for classifying the infinite variety of real architectural practice. Modular 
planning was already a familiar concept, but there is nothing in the monuments 
to suggest that the precise forms propounded by Vitruvius were those actually 
used by contemporary architects. Many Augustan temples were pycnostyle, in the 
generalized sense that they had close-set columns (III, 3, 1-2); but none of those 
preserved was laid out in strict accordance with the Vitruvian formula. Again, 
many Augustan architects, like Vitruvius, were looking back to Greek models; but 
many of these models, among them the Erechtheum, were quite different from 
those preferred by Vitruvius. Even on his chosen ground Vitruvius was not in the 
mainstream of conservative trends in contemporary architectural thinking.

“Vitruvius the theorist left little mark on the official Roman architecture of his 
time. To us this aspect of his writing is a valuable source of information about 
current intellectual attitudes toward the arts and sciences, and about many as-
pects of Hellenistic and late Republican architectural history; but his influence 
on subsequent Roman architecture seems to have been limited almost entirely to 
those parts of his work in which Vitruvius the architect and builder was speak-
ing from personal experience. The best evidence for this lies in the works of two 
late Roman writers, Marcus Cetius Faventinus (ca. A.D. 300 [?]), who wrote and 
annotated an abbreviated compendium of parts of De architectura, and the some-
what later Palladius, a wealthy landowner who made liberal use of Faventinus’ 
compendium in compiling his own treatise on the management of a typical late 
Roman estate. Both of these authors were writing manuals for practical use, and 
both clearly regarded Vitruvius’ work as the natural point of departure for their 
own. Their subject matter tells its own story. Apart from a ritual gesture to culture 
in Faventinus’ introduction, what mattered to them were such things as finding 
and exploiting a water supply, the siting of domestic buildings, the best use of 

materials, the techniques of vaulting, and the method of constructing a set square 
or a simple timepiece. Traditional columnar architecture and the classical orders 
did not concern them. Such matters were past history.

“During the Middle Ages very little of De architectura was relevant, but manu-
scripts of it continued to be copied in monastic scriptoria (the earliest one surviv-
ing was produced at Jarrow in the ninth century). In the fifteenth century, classical 
architecture suddenly became a matter of direct and lively concern to architects 
and humanists alike. Gian Francesco Poggio Bracciolini’s ‘rediscovery’ in 1414 of 
two manuscripts of De architectura was a major event. There was no printed edi-
tion until 1486, but there are more than twenty fifteenth-century manuscript cop-
ies, made for circulation among humanist scholars, architects, and artists. To the 
extent that the architecture of the Quattrocento represented a deliberate return 
to the models of antiquity, De architecture, the only surviving ancient treatise on 
the subject, was bound to become the ultimate authority for true doctrine. When 
Leone Alberti, between 1452 and 1467, wrote the first great Renaissance treatise 
on architecture, his debt extended even to the title used, De re aedificatoria, and to 
the work’s subdivision into ten books; he wrote in Latin (a self-consciously ‘purer’ 
Latin than the Hellenized Latin of Vitruvius); he cited Vitruvius frequently and 
borrowed from him even more frequently. Not that he always agreed with him: 
there are a great many criticisms, both expressed and implied, of principle and of 
detail. But for matters of historical fact, for such technical details as the making of 
bricks or the laying of pavements, for the classical orders, and for the description 
of a number of classical building types (such as palaestrae, theaters, and forums) 
about which the Quattrocento had little direct information, he drew heavily on 
Vitruvius.

“Even so, Alberti’s debt was often more one of formal presentation and of detail 
than of real substance. The genuine wish to use Vitruvius as a guide to building in 
the antique manner came up against formidable difficulties, among them the ob-
scurities of Vitruvius’ style, the loss of his illustrations, and the lack of surviving 
models. On many topics, Krautheimer states, ‘his book remained sealed, its ter-
minology unintelligible, its references to building types and extant monuments 



VITRUVIUS, Marcus Pollio.

obscure.’ Moreover, the shifts of intellectual attitude were often too great to be 
bridged by direct borrowing. However much De re aedificatoria may have set out 
to reshape De architectura for contempoary needs, it found itself turning more 
and more to the monuments of antiquity and to contemporary building prac-
tice. To be serviceable, the works of antiquity, monuments and writings alike, had 
to be interpreted, reconstructed, and, where necessary, improved, in accordance 
with the Quattrocento vision of antiquity.

“In all of this Alberti, the great architectural theorist, was speaking also for the 
practicing architects of his day. Whatever its ultimate inspiration, Renaissance 
architecture had to chart a course of its own. Vitruvius continued to be a quar-
ry of detailed information for would-be classical purists, but it was only among 
scholars that his authority as the source of pure doctrine remained virtually un-
challenged. Because of his manifest admiration for Greek architecture, his rep-
utation survived the shock of the subsequent rediscovery of Greece and of the 
great monuments of Greek classical architecture: indeed, the advent of systematic 
archaeological research in Italy, which might have supplied a corrective, seemed 
only to confirm the established opinion that the history of Roman imperial ar-
chitecture was one of decadence and steady decline from the models of Greek 
perfection. Where the monuments did not fit the Vitruvius formulas – and few of 
them did – it was the monuments that were out of step, not Vitruvius. It is only 
during the twentieth century that a growing appreciation of the true qualities and 
significance of Roman imperial architecture has enforced a critical reevaluation 
of his reputation” (DSB).

Perhaps the most famous illustration in De architectura is that of the ‘Vitruvian 
man.’ “In Book III, Chapter 1, Paragraph 3, Vitruvius writes about the propor-
tions of man:

‘Just so the parts of Temples should correspond with each other, and with the 
whole. The navel is naturally placed in the centre of the human body, and, if in a 
man lying with his face upward, and his hands and feet extended, from his navel 
as the centre, a circle be described, it will touch his fingers and toes. It is not alone 

by a circle, that the human body is thus circumscribed, as may be seen by placing 
it within a square. For measuring from the feet to the crown of the head, and then 
across the arms fully extended, we find the latter measure equal to the former; so 
that lines at right angles to each other, enclosing the figure, will form a square.’

“It was upon these writings that Renaissance engineers, architects and artists like 
Mariano di Jacopo Taccola, Pellegrino Prisciani and Francesco di Giorgio Martini 
and finally Leonardo da Vinci based the illustration of the Vitruvian Man. Vitru-
vius described the human figure as being the principal source of proportion. The 
drawing itself is often used as an implied symbol of the essential symmetry of the 
human body, and by extension, of the universe as a whole” (Wikipedia).

This edition is known for its striking illustrations: “Some subjects follow the 1511 
edition, but the execution is highly original and the illustration is much more 
detailed than that provided by Tacuino … Blocks have black backgrounds and 
strong black lines. Aloisio Pirovano’s ‘Oratio’ to the people of Milan on leaf [-]8r 
refers to the collaboration of ‘molti excelle[n]ti pictori.’ On leaves B6r, B7r, B7v 
are full-page plans and elevations of Milan cathedral. Cesariano’s introduction 
of a gothic building into a classical text, apparently the first such illustration of 
gothic architecture, is typical of his individual approach to Vitruvius … The in-
fluence of Leonardo on these illustrations has been generally noted” (Mortimer, 
Harvard College Library Department of Printing and Graphic Arts, 16th Century 
Italian Books, no. 544).

Adams V-904; BAL, IV, 3519 (19th century calf, 420mm tall); Berlin Kat. 1802; 
Dibner, Heralds 170; Fowler & Baer, 395 (old vellum, 415mm); Millard Italian, IV, 
158 (modern binding, 399 x 265mm); Mortimer, Harvard Italian, II, 544; PMM 
26 (for the first edition in Latin); RIBA 3519. Krautheimer, ‘Alberti and Vitruvius,’ 
The Renaissance and Mannerism, II (1963), pp. 42–52.
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THE BIRTH OF GAME THEORY – EX-
TREMELY RARE OFFPRINT
VON NEUMANN, John. Zur Theorie der Gesellschaftsspiele. Offprint from Math-
ematische Annalen, Bd. 100, Heft 1/2, 1928. Bound with 36 other offprints, includ-
ing five more by von Neumann, three of which deal with the mathematical founda-
tions of quantum mechanics. Berlin: Julius Springer, 1928.

$28,500

Thirty-seven offprints bound in one vol., 8vo (224 x 152mm), a few light creases, 
probably for posting, nos. 15-17 strengthened in gutter. Contemporary black half-
cloth with original printed wrappers bound in (front joint cracked but firm, minor 
wear to extremities).

First edition, extremely rare offprint, of von Neumann’s first and most important 
work on game theory, containing the first proof of the ‘minimax theorem’ which 
provides the key to the entire subject. “Of the many areas of mathematics shaped 
by his genius, none shows more clearly the influence of John von Neumann than 
the Theory of Games. This modern approach to problems of competition and co-
operation was given a broad foundation in his superlative paper of 1928. In scope 
and youthful vigor this work can be compared only to his papers of the same 
period on the axioms of set theory and the mathematical foundations of quan-
tum mechanics” (Kuhn & Tucker). “Quantitative mathematical models for games 
such as poker or bridge at one time appeared impossible, since games like these 
involve free choices by the players at each move, and each move reacts to moves 
of other players. However, in the 1920s John von Neumann single-handedly in-
vented game theory, introducing the general mathematical concept of ‘strategy’ 
in a paper on games of chance [the offered paper]. This contained the proof of his 
‘minimax’ theorem that says ‘a strategy exists that guarantees, for each player, a 
maximum payoff assuming that the adversary acts so as to minimize that payoff.’ 
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The ‘minimax’ principle, a key component of the game-playing computer pro-
grams developed in the 1950s and 1960s by Samuel, Newell, Simon, and others, 
was more fully articulated and explored in The Theory of Games and Economic 
Behavior, co-authored by von Neumann and the Austrian economist Oskar Mor-
genstern” (Hook & Norman, Origins of Cyberspace, p. 473). “In 1928, between 
papers on mathematical logic and his first papers in physics, he ‘squeezed in’ his 
first and basic paper on the theory of games. There had been forerunners in the 
field (E. Zermelo, H. Borel, and H. Steinhaus, among others) by whom most of 
the concepts like play and counterplay, chance and deception, pure strategy and 
mixed strategy had been anticipated in one form or another. But von Neumann 
brought the results of others and his own new ones together, clearly and axiom-
atically, into twenty-five pages. In the briefest of footnotes he made reference to 
the analogy with some problems in economics, and in another footnote, added in 
proof, he made reference to a very recent note of Borel’s in which for the two-per-
son zero-sum game the underlying minimax theorem was proposed, although 
not proven, as it was in von Neumann’s paper” (Bochner, p. 444). “Edward Tell-
er believed that ‘if a mentally superhuman race ever develops, its members will 
resemble Johnny von Neumann’ … ‘We can all think clearly, more or less, some 
of the time,’ says fellow Hungarian mathematician Paul Halmos, ‘but von Neu-
mann’s clarity of thought was orders of magnitude greater than that of most of us, 
all the time … whenever I talked with von Neumann, I always had the impression 
that only he was fully awake’” (Dyson). Only one copy of this offprint in auction 
records (Sotheby’s 2000 & 2003). No copy on OCLC or KVK.

Provenance: From the collection of Manó (Emanuel) Beke (1862-1946), Hungar-
ian mathematician; two offprints (nos. 31 and 36 in the list below) inscribed to 
Beke, handwritten index on front endpapers probably in Beke’s hand. Deacces-
sioned library stamps on the front free endpaper and the first page. Beke is known 
for his work on differential equations, determinants, and mathematical physics, 
and particularly for reforming the teaching of mathematics in Hungary. Since 
1950 the János Bolyai Mathematical Society has awarded the Máno Beke Com-
memorative Prize for the teaching and popularization of mathematics.

“The role as founder is even more obvious for the theory of games, which von 
Neumann, in a 1928 paper [offered here], conjured – so to speak – out of no-
where. To give a quantitative mathematical model for games of chance such as 
poker or bridge might have seemed a priori impossible, since such games involve 
free choices by the players at each move, constantly reacting on each other. Yet 
von Neumann did precisely that, by introducing the general concept of ‘strategy’ 
(qualitatively considered a few years earlier by E. Borel) and by constructing a 
model that made this concept amenable to mathematical analysis” (DSB). 

“The crucial innovation of von Neumann, which was to be both the keystone of 
his Theory of Games and the central theme of his later research in the area, was 
the assertion and proof of the Minimax Theorem. Ideas of pure and random-
ized strategies had been introduced earlier, especially by Êmile Borel. However, 
these efforts were restricted either to individual examples or, at best, to zero-sum 
two-person games with skew-symmetric payoff matrices. To paraphrase his own 
opinion, von Neumann did not view

the mere desire to mathematize strategic concepts and the straight formal defini-
tion of a pure strategy as the main agenda of an ‘initiator’ in the field, but felt that 
there was nothing worth publishing until the Minimax Theorem was proved …

“For any finite zero-sum two-person game in a normalized form, [the Mini-
max Theorem] asserts the existence of a unique numerical value, representing 
a gain for one player and a loss for the other, such that each can achieve at least 
this favorable an expectation from his own point of view by using a randomized 
(or mixed) strategy of his own choosing. Such strategies for the two players are 
termed optimal strategies and the unique numerical value, the minimax value of 
the game. This is the starting point of the von

Neumann-Morgenstern solution for cooperative games, where all possible par-
titions of the players into two coalitions are considered and the reasonable as-
pirations of the opposing coalitions in each partition measured by the minimax 
value of the strictly competitive two-party struggle between them. In the area of 
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extensive games, the solution of games with perfect information by means of pure 
strategies assumes importance only by contrast to the necessity of randomizing 
in the general case. The Minimax Theorem reappears in a new guise, when von 
Neumann turned to analyze a linear model of production. Finally, in the hands of 
von Neumann, it was the source of a broad spectrum of technical results, ranging 
from his extensions of the Brouwer fixed-point theorem, developed for its proof, 
to new and unexpected methods for combinatorial problems …

“The impact of von Neumann’s Theory of Games extends far beyond the bound-
aries of this subject. By his example and through his accomplishments, he opened 
a broad new channel of two-way communication between mathematics and the 
social sciences. These sciences were fortunate indeed that one of the most cre-
ative mathematicians of the twentieth century concerned himself with some of 
their fundamental problems and constructed strikingly imaginative and stimulat-
ing models with which to attack their problems quantitatively. At the same time, 
mathematics received a vital infusion of fresh ideas and methods that will con-
tinue to be highly productive for many years to come. Von Neumann’s interest in 
‘problems of organized complexity,’ so important in the social sciences, went hand 
in hand with his pioneering development of large-scale high-speed computers. 
There is a great challenge for other mathematicians to follow his lead in grappling 
with complex systems in many areas of the sciences where mathematics has not 
yet penetrated deeply” (Kuhn & Tucker).

“That von Neumann turned his attention to the mathematical analysis of games, 
producing the minimax theorem in 1926, was not so much the result of a de-
tached moment of inspiration, as a reflection of the fact that a number of his 
peers were doing similar work at the same time. In fact, in the first decades of this 
century, there existed among Hungarian and German mathematicians something 
of a ‘conversation’ about the mathematics of games, something which must be 
seen in the context of the period’s mathematical history. Two features of the latter 
are worth noting: first, the attempt to establish various areas of mathematics on 
a secure axiomatic basis, central to the so-called Hilbert program at Gottingen; 
and, second, an associated imperialistic drive to show how mathematical formal-
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ization could constitute a widely applicable tool of explanation, even in areas that 
were hitherto deemed unapproachable in mathematical terms …

“The second element concerns the success of Hilbert and others in extending 
the axiomatic approach to a range of areas, the most obvious being physics – the 
mathematical foundations of the kinetic theory of gases and quantum mechan-
ics – less obvious being such social activities as parlor games. In this context, 
the first significant step was that taken by Hilbert’s Göttingen colleague and set 
theorist, Zermelo, who, in 1912, turned his attention to the mathematics of chess. 
In a lecture, ‘On the Application of Set Theory to the Theory of Chess,’ delivered 
to the International Congress of Mathematicians at Cambridge, he presented an 
inductive proof that the outcome of chess is strictly determined, i.e., either white 
can force a win, or black can force a win, or both sides can force at least a draw. 
While offering the entire exercise in the context of contemporaneous work on set 
theory, Zermelo also presents it as part of the attempt to push mathematics into 
as many realms as possible and to show how other phenomena, be they psycho-
logical or physical, may ultimately be ‘explained’ by rendering them accessible to 
mathematical interpretation. Of the analysis of chess, he says that it is not dealing 
with the practical method for games, but rather is simply giving an answer to the 
following question: can the value of a particular feasible position in a game for 
one of the players be mathematically and objectively decided, or can it at least be 
defined without resorting to more subjective psychological concepts?

“This paper gave rise to further work on chess by a number of mathematicians 
close to Zermelo, including the lesser-known Denes Konig and Laszlo Kalmar, 
and, of course, von Neumann, all of whom were familiar with each other’s work. 
In short, chess became a well-defined topic in German-speaking mathematical 
circles, and it was this interest in the relationship between set theory and parlor 
games which formed the intellectual setting for von Neumann’s work on the min-
imax theorem. This he first presented to the Göttingen Mathematical Society in 
December 1926. The paper contains mainly a long and difficult existence proof, 
based on functional calculus and topology, of the ‘solution’ for all two-person, 
zero-sum, games with a finite number of strategies. The mathematical concept 

of a game is completely axiomatized and two examples are offered of simple ze-
ro-sum games with solutions only in mixed strategies, ‘matching pennies’ and 
‘paper, stone, scissors.’ He also treats the three-person zero-sum game, showing 
how the possibility of coalition formation introduces into such games a measure 
of indeterminacy, or ‘struggle.’ In preliminary remarks on games with more than 
three players, he introduces a ‘system of constants’ describing ‘the sum per play 
which [each] coalition of the players is able to obtain from the coalition of the 
other players,’ and conjectures that ‘the complex of valuations and coalitions in a 
game of strategy is determined by these constants alone. We have seen that this is 
true for n = 2, 3; for n > 3 a general proof has yet to be found.’ If this is the case, 
he concludes, then ‘we have brought all games of strategy into a natural and final 
normal form’. As in the papers by Zermelo and the others, mathematics is seen as 
something capable of penetrating the psychology of gaming …

“This is our first hint of the extent to which von Neumann’s view of the applica-
tion of mathematics to the social domain was conditioned by the philosophy and 
standards of physical science. We might also note that, at this stage, the prime 
focus was the analysis of parlor games, not economics. Admittedly, von Neumann 
suggests that the formalism is tapping the deep structure of more than just simple 
parlor games, when he says that ‘any event – given the external conditions and 
the participants in the situation (provided that latter are acting of their own free 
will) – may be regarded as a game of strategy if one looks at the effect it has on the 
participants’. And, in a footnote, he even says that ‘[this] is the principal problem 
of classical economics: how is the absolutely selfish ‘homo economicus’ going to 
act under given external circumstances?’ But we would be mistaken to overem-
phasize the suggested economic orientation of this work: it was written for an au-
dience of mathematicians and its purpose was to render abstract games amenable 
to mathematical treatment. It was not primarily concerned with economics: those 
links came later. Zermelo had begun with the game of chess; von Neumann was 
now, with characteristic audacity, trying to do the same for all zero-sum games, 
two-person, three-person, etc., groping for a completely general theory. It was 
part of a general effort to push mathematics to the limit, to show how pure, ab-
stract, mathematics of the formal kind could constitute an ‘explanatory’ device, 
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of not only the ‘natural,’ as for example in statistical and quantum mechanics, 
but also the ‘social’ where bluffing, outguessing, and cooperation among humans 
were involved. If the Hilbert era had any defining feature, it was this supreme faith 
in the explanatory powers of mathematical formalism” (Leonard, pp. 732-4).

Three of the other offprints by von Neumann in this collection (nos. 1, 2, 5) relate 
to his work on the mathematical foundations of quantum mechanics. “When he 
began work in that field in 1927, the methods used by its founders were hard to 
formulate in precise mathematical terms; ‘operators’ on ‘functions’ were handled 
without much consideration of their domain of definition or their topological 
properties; and it was blithely assumed that such ‘operators,’ when self-adjoint, 
could always be ‘diagonalized’ (as in the finite dimensional case), at the expense 
of introducing ‘Dirac functions’ as ‘eigenvectors.’ Von Neumann showed that 
mathematical rigor could be restored by taking as basic axioms the assumptions 
that the states of a physical system were points of a Hilbert space and that the 
measurable quantities were Hermitian (generally unbounded) operators densely 
defined in that space. This formalism, the practical use of which became available 
after von Neumann had developed the spectral theory of unbounded Hermitian 
operators [no. 2], has survived subsequent developments of quantum mechanics 
and is still the basis of non-relativistic quantum theory; with the introduction of 
the theory of distributions, it has even become possible to interpret its results in a 
way similar to Dirac’s original intuition.

“After 1927 von Neumann also devoted much effort to more specific problems of 
quantum mechanics, such as the problem of measurement and the foundation of 
quantum statistics and quantum thermodynamics, proving in particular an ergo-
dic theorem for quantum systems [no. 1]” (DSB). The ergodic theorem is a fun-
damental principle of classical statistical mechanics according to which the time 
average of a physical quantity is equal to the average of the same quantity taken 
over ‘phase space’. Phase space is a description of all the possible configurations 
of the physical system – fixing a point in phase space corresponds to fixing all the 
positions and momenta of the constituent parts of the system. The main difficulty 
in obtaining a quantum mechanical version of this principle is that, because of 
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the uncertainty principle, the positions and momenta cannot be fixed simulta-
neously, so ‘fixing a point in phase space’ no longer makes sense. Von Neumann 
summarises how he overcame this problem in the abstract of no. 1: “It is shown 
how to resolve the apparent contradiction between the macroscopic approach of 
phase space and the validity of the uncertainty relations. The main notions of sta-
tistical mechanics are re-interpreted in a quantum-mechanical way, the ergodic 
theorem and the H-theorem are formulated and proven (without assumptions of 
disorder), followed by a discussion of the physical meaning of the mathematical 
conditions characterizing their domain of validity [of the two theorems]” (Trans-
lation from Mehra & Rechenberg, p. 451). The problem had been considered ear-
lier by Schrödinger, and he wrote admiringly of Von Neumann’s paper. “Erwin 
Schrödinger addressed von Neumann’s proof of the H-theorem directly in a letter 
to the author, dated 25 December 1929, which he opened by stating: ‘Your statis-
tical paper did interest me quite a lot. I am quite happy about it, especially about 
the wonderful clarity and accuracy of the conceptions and the careful presenta-
tion of what has been achieved in all points’ (Schrödinger to von Neumann, 25 
December 1929). Schrödinger recognized as the central issue of von Neumann’s 
considerations the introduction of the concepts ‘operator of a macroscopically 
measurable quantity’ and the ‘orthogonal system of the macroscopic observation’. 
‘This is an extraordinarily happy move, and I believe that it will obtain a signifi-
cance far beyond the present problems’” (ibid., p. 460).

“Von Neumann’s ideas on rings of operators broke entirely new ground. He was 
well acquainted with the non-commutative algebra beautifully developed by 
Emmy Noether and Emil Artin in the 1920s and he realized how these concepts 
simplified and illuminated the theory of matrices. This probably provided the 
motivation for extending such concepts to algebras consisting of (bounded) oper-
ators in a given separable Hilbert space, to which he gave the vague name ‘rings of 
operators’ and which are now known as ‘von Neumann algebras.’ He introduced 
their theory [in no. 5] in the same year as his first paper on unbounded operators 
[no. 2], and from the beginning he had the insight to select the two essential fea-
tures that would allow him further progress: the algebra must be self-adjoint (that 
is, for any operator in the algebra, its adjoint must also belong to the algebra) and 

closed under the strong topology of operators” (DSB). “This last work [no. 5] won 
for him the admiration of mathematicians” (Bochner, p. 444).

“In 1929 he published the important result [no. 3] that a group of linear trans-
formations in a finite dimensional space, if closed, is a Lie group. Élie Cartan, 
who was a geometer, immediately recognized that the theorem is a special case 
of the general proposition that a closed subgroup of a Lie group is again a Lie 
group, and he proved it by the same procedure, although in an abbreviated form. 
There is hardly a young mathematician today who realizes that this familiar gen-
eral proposition was von Neumann’s discovery originally” (ibid., p. 441). In 1933 
von Neumann used the same ideas to solve Hilbert’s “fifth problem” for compact 
groups, proving that such a group admits a Lie group structure once it is locally 
homeomorphic with Euclidean space.

Of the works by authors other than von Neumann, one of the most significant is 
the triple offprint no. 33. In these papers Lanczos showed how to derive Dirac’s 
equation for the electron from a more fundamental system that predicted that 
spin 1/2 particles should come in pairs. Today, these pairs can unambiguously be 
interpreted as isospin doublets. From the same fundamental equation, Lanczos 
derived also the correct form of the wave equation of massive spin 1 particles that 
would be rediscovered in 1936 by Proca.

Bochner, ‘John von Neumann 1903-1957. A Biographical Memoir,’ National 
Academy of Sciences, 1958. Dyson, Turing’s Cathedral, 2012. Kuhn & Tucker, 
‘John von Neumann’s work in the theory of games and mathematical economics,’ 
Bulletin of the American Mathematical Society 64 (1958), pp. 100-122. Leonard, 
‘From Parlor Games to Social Science: Von Neumann, Morgenstern, and the Cre-
ation of Game Theory 1928-1944,’ Journal of Economic Literature 33 (1995), pp. 
730-761. Mehra & Rechenberg, The Historical Development of Quantum Theory, 
Vol. 6, 2001.
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‘Ubereicht vom Verfasser’ in red ink. Original printed wrappers (front and rear).

35. FORRÓ, Magdalene & PATAI, Emerich. Messungen von Kontaktpoten-
tialen einiger Metalle. Zeitschrift für Physik, Bd. 63, Heft 7/8 (1930), pp. [1, blank], 
444-457. Stamped ‘Ubereicht vom Verfasser’ in red ink. Original printed wrap-
pers (front and rear).

36.  Duplicate of no. 34. Stamped ‘Ubereicht vom Verfasser’ in red ink and 
inscribed by the author.

37.  GOLDHIZER, Karl. Methodische untersuchungen zu den bevölker-
ungsstatischen Grundlagen der schweizerischen Alters- und Hinterlassenen-ver-
sicherung, Zeitschrift für schweizerische Statistik und Volkswirtschaft, Jahrg. 66, 
Heft 4 (1930), pp. [501], 502-509. Self wrappers.



WHITEHEAD, Alfred North & RUSSELL, Bertrand.

‘THE GREATEST SINGLE CONTRIBU-
TION TO LOGIC SINCE ARISTOTLE’
WHITEHEAD, Alfred North & RUSSELL, Bertrand. Principia Mathematica. 
Cambridge: at the University Press, 1910; 1912; 1913.

$95,000

Three vols., large 8vo (262 x 178 mm), pp. xiii, [3], 666, [2]; [ii], xxxiv, 772; [ii], x, 
491, [1] (Liverpool Library ink library stamps and bookplates with ink withdrawn 
stamps to vols. II and III). Original dark blue cloth, spines lettered in gilt, cream 
endpapers (vols. II and III with Liverpool Library blind stamps to covers and letter-
ing to foot of spines, spines with minor restoration). A very good set.

First edition of all three volumes of this monumental work, one of the great rari-
ties of modern science and mathematics, “the greatest single contribution to logic 
that has appeared in the two thousand years since Aristotle” (DNB). “In this mon-
umental study of logic and set theory, Russell and Whitehead took up the task 
… of proving the logical basis of all mathematics by deducing the whole body of 
mathematical doctrine from a small number of primitive ideas and principles of 
logical inference. To do so, Russell and Whitehead devised a complex but precise 
system of symbols that enabled them to sidestep the ambiguities of ordinary lan-
guage, and to give an exposition of sentential logic that has hardly been improved 
upon since” (Norman). Probably named after Isaac Newton’s great work, Prin-
cipia Mathematica “has had an influence, direct and indirect, of near Newtonian 
proportions upon the spheres of its chief influence: mathematical logic, set theo-
ry, the foundations of mathematics, linguistic analysis and analytical philosophy” 
(Grattan-Guinness (1975), p. 89). “It also served as a major impetus for research 
in the foundations of mathematics throughout the twentieth century. Along with 
Aristotle’s Organon and Gottlob Frege’s Grundgesetze der Arithmetik, it remains 
one of the most influential books on logic ever written” (Stanford Encyclopedia 
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of Philosophy). “Whether they know it or not, all modern logicians are the heirs 
of Whitehead and Russell” (Palgrave, p. 20). Complete sets of the first edition are 
very rare. Vol. I was printed in an edition of 750 copies and, due to disappointing 
sales, the publishers reduced the print run of Vols. II and III to 500 copies each, 
so that only 500 complete sets in first edition are possible. John Slater, Emeritus 
Professor of Philosophy at the University of Toronto and editor of The Collected 
Papers of Bertrand Russell, suggests that there are probably fewer than 50 sets 
surviving in private hands.

“Gottlob Frege (1848-1925) had attempted to demonstrate logicism about arith-
metic (though not geometry) in the period from 1879, when his first book, Be-
griffsschrift, was published, to 1903, when the second volume of his Grundgesetze 
der Arithmetik appeared. However, in 1902, as that second volume was in press, 
Russell (1872-1970) had written to him informing him of the contradiction that 
he had discovered in Frege’s system” (Palgrave, p. viii). This was ‘Russell’s paradox’, 
that the set of all sets that are not members of themselves is a member of itself 
if and only if it is not a member of itself. “Frege had attempted to respond to the 
contradiction … in a hastily written appendix, but he soon realized that his re-
sponse was inadequate and abandoned his logicist project. It was left to Russell to 
find a solution to the paradox and to reconstruct the logicist program according-
ly. The final result was Russell’s ramified theory of types and Principia Mathemat-
ica itself, but this theory and the logicist reconstruction in which it is embedded 
took a decade to develop” (ibid.).

“Principia Mathematica had its origins in Russell’s discovery of the work of [Gi-
useppe] Peano (1858-1932) at the International Congress of Philosophy held in 
Paris in the summer of 1900, which Peano and his supporters attended in force. 
To that time Russell had been working for several years attempting to develop a 
satisfactory philosophy of mathematics. Despite some philosophical successes … 
a satisfactory outcome had always eluded him. At the conference, however, he 
very quickly realized that the Peano school had a set of techniques of which he 
could make use, and on his return from the conference he immediately set about 
applying them. As a result, he quickly rewrote The Principles of Mathematics, 

which he had started in 1899, finishing the new version by the end of the year. It 
was published, after some delay and substantial revisions of Part I, in 1903, billed 
as the first of two volumes. It was intended as a philosophical introduction to, and 
defence of, the logicist program that all mathematical concepts could be defined 
in terms of logic and that all mathematical theorems could be derived from purely 
logical axioms. It was to be followed by a second volume, done in Peano’s nota-
tion, in which the logicist program would actually be carried out by providing the 
requisite definitions and proofs. At about the same time that Russell was finishing 
The Principles of Mathematics, he began the collaboration with his former teacher, 
Whitehead (1861-1947), that produced, many years later, Principia Mathematica.

“Whitehead in 1898 had published A Treatise on Universal Algebra, another first 
volume, in which a variety of symbolic systems were interpreted on a general, 
abstract conception of space. Again much detailed formal work was held over 
for the second volume. By September 1902 the two second volumes had merged, 
both authors having decided to unite in producing a joint second volume to each 
of their projects. This in turn grew until it constituted the three volumes of Prin-
cipia Mathematica. The reason for the long delay in completing [Principia Mathe-
matica] … was the difficulty in dealing with a paradox that Russell had discovered 
around May 1901 in the set-theoretic basis of the logicist system. The natural 
initial supposition of that system was that a class would correspond to each prop-
ositional function of the system, intuitively the class of terms which satisfied that 
propositional function. This being the case, there would be a class corresponding 
to the propositional function ‘x is not a member of itself ’, and this class would 
be a member of itself if and only if it was not a member of itself. The problem 
of restricting the underlying logic so that this result could not arise while leav-
ing it strong enough to support the mathematical superstructure that Russell and 
Whitehead wished to build on it absorbed many years of intense labour” (ibid., 
pp. xvi-xvii).

“Principia Mathematica proved to be remarkably influential in at least three ways. 
First, it popularized modern mathematical logic to an extent undreamt of by its 
authors. By using a notation superior to that used by Frege, Whitehead and Rus-
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sell managed to convey the remarkable expressive power of modern predicate 
logic in a way that previous writers had been unable to achieve. Second, by exhib-
iting so clearly the deductive power of the new logic, Whitehead and Russell were 
able to show how powerful the idea of a modern formal system could be, thus 
opening up new work in what soon was to be called metalogic. Third, Princip-
ia Mathematica re-affirmed clear and interesting connections between logicism 
and two of the main branches of traditional philosophy, namely metaphysics and 
epistemology, thereby initiating new and interesting work in both of these areas.

“As a result, not only did Principia introduce a wide range of philosophically rich 
notions (including propositional function, logical construction, and type theory), 
it also set the stage for the discovery of crucial metatheoretic results (including 
those of Kurt Gödel, Alonzo Church, Alan Turing and others). Just as impor-
tantly, it initiated a tradition of common technical work in fields as diverse as 
philosophy, mathematics, linguistics, economics and computer science” (Stanford 
Encyclopedia of Philosophy).

“Although they divided up the initial responsibility for the various parts of the 
project, they checked each other’s work and in the end produced a truly collab-
orative text. ‘Whitehead and I make alternate recensions of the various parts of 
our book,’ Russell explained to P. E. B. Jourdain in a letter of March 1906, ‘each 
correcting the last recension made by the other.’ There were relatively few periods 
of extensive personal contact between them; indeed, during the period from the 
autumn of 1906 to the autumn of 1909, when most of Principia Mathematica was 
actually written, Whitehead lived in Cambridge and Russell in Oxford” (Grat-
tan-Guinness (1975), p. 90). The final manuscript, of more than 4000 folios, was 
delivered to the printers on 19 October, 1909 (only a few leaves of the original 
manuscript are known to have survived). Publication was delayed by financial 
problems. In the end, Cambridge University Press contributed £300 to the cost of 
publication, a further £200 was obtained from the Royal Society, and the authors 
contributed £50 each (the latter contributions were refunded by the Press some 
40 years later - but without interest!).
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The first volume of Principia Mathematica was published in December 1910 in 
an edition of 750 copies, priced 25 shillings; volumes II and III had a print run of 
only 500 copies, and were priced at 30 shillings and 21 shillings, respectively. A 
fourth volume, dealing with the applications to geometry, was planned and much 
of it written, by Whitehead alone, but never published and the manuscript was 
destroyed shortly after his death. Complimentary copies were sent by the authors 
to the library of Trinity College, Cambridge (of which they both were or had been 
Fellows), R. G. Hawtrey (who checked over some of the text while it had been 
in preparation), G. G. Berry (a clerk at the Bodleian Library with remarkable 
abilities in mathematical logic), and Jourdain (this was the copy in the library of 
Haskell F. Norman). The Press sent copies to G. Peano, G. Frege, L. Couturat, J. 
Royce, W. E. Johnson (who had examined the manuscript for the Press), E. W. 
Hobson and A. R. Forsyth. We do not know the location of any of these copies, 
other than Jourdain’s.

The book was not a best seller. In his review of volume I in the Times Literary 
Supplement, Hardy wrote: “Perhaps twenty or thirty people in England may be 
expected to read this book,” but a few sentences he later qualified this estimate, 
writing “we should probably be over-sanguine if we suppose that there are half a 
dozen who will.” Erwin Schrödinger went further: he said that he didn’t believe 
that even Whitehead and Russell themselves had read all of it! Nevertheless, by 
the early 1920s the work was going out of print and a second edition, with three 
new appendices and a long new introduction, all written by Russell himself, was 
published in 1925-27.

After 1927 Russell withdrew from logic. “After the massive achievement of Prin-
cipia Mathematica, nothing remained but a job of cleaning up the formal foun-
dations, a task that was essentially completed by the early 1930s, as a result of the 
work of Ramsey, Gödel and Tarski” (Palgrave, p. 14).

Norman 1868; Blackwell & Ruja A9.1a; Church, Bibliography of Symbolic Logic, 
194.1-1 (one of a handful of works marked by Church as being “of special inter-
est or importance”); Martin 101.01-03; Kneebone, Mathematical Logic (1963), p. 

161ff; Landmark Writings in Western Mathematics 1640-1940, Chapter 61; The 
Palgrave Centenary Companion to Principia Mathematica, N. Griffin & B. Linsky 
(eds.), Palgrave Macmillan, 2013; I. Grattan-Guinness, ‘The Royal Society’s finan-
cial support of the publication of Whitehead and Russell’s Principia Mathematica,’ 
Notes and Records of the Royal Society of London, Vol. 30 (1975), pp. 89-104. 
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THE MOST IMPORTANT PHILOSOPHI-
CAL WORK OF THE 20TH CENTURY?
WITTGENSTEIN, Ludwig. ‘Logisch-philosophische Abhandlung,’ pp. 185-262 in: 
Annalen der Naturphilosophie, XIV Band, 3/4 Heft. Leipzig: Reinhold Berger for 
Verlag Unesma, 1921.

$85,000

8vo (233 x 164mm), pp. [185]-308, [4], woodcut diagrams and letterpress truth-ta-
bles. Original orange printed wrappers, almost completely unopened (slight chipping 
to margins). Housed in a protective cloth folder.

First edition, very rare journal issue in original printed wrappers, and a remark-
ably fine copy, of the work later published as the Tractatus Logico-Philosophicus 
(1922) – arguably the most important philosophical work of the twentieth centu-
ry, and the only book by Wittgenstein published in his lifetime. “The Tractatus is a 
comprehensive work of extreme originality” (Encyclopedia of Philosophy, Vol. 8, p. 
329). The Latin title was suggested by G. E. Moore as homage to Baruch Spinoza’s 
Tractatus Theologico-Politicus (1670). “The project had a broad goal: to identi-
fy the relationship between language and reality and to define the limits of sci-
ence. Wittgenstein wrote the notes for the Tractatus while he was a soldier during 
World War I and completed it during a military leave in the summer of 1918. The 
Tractatus was influential chiefly amongst the logical positivist philosophers of the 
Vienna Circle, such as Rudolf Carnap and Friedrich Waismann. Bertrand Rus-
sell’s article ‘The Philosophy of Logical Atomism’ is presented as a working out 
of ideas that he had learned from Wittgenstein. The Tractatus employs an austere 
and succinct literary style. The work contains almost no arguments as such, but 
rather consists of declarative statements, or passages, that are meant to be self-ev-
ident. The statements are hierarchically numbered, with seven basic propositions 
at the primary level (numbered 1–7), with each sub-level being a comment on or 
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elaboration of the statement at the next higher level (e.g., 1, 1.1, 1.11, 1.12, 1.13). 
In all, the Tractatus comprises 526 numbered statements. Only two copies have 
appeared at auction since 1975.

Following engineering studies at Linz, Berlin and Manchester, “Wittgenstein’s 
interest began to shift to pure mathematics and then to the philosophical foun-
dations of mathematics. He chanced upon Bertrand Russell’s Principles of Math-
ematics and was greatly excited by it. He decided to give up engineering and to 
study with Russell at Cambridge. At the beginning of 1912 he was admitted to 
Trinity College, where he remained for the three terms of 1912 and the first two 
terms of 1913. Under Russell’s supervision he applied himself intensively to log-
ical studies and made astonishing progress. Soon he was engaged in the research 
that culminated in the logical ideas of the Tractatus (ibid., p. 327).

“When war broke out Wittgenstein entered the Austrian army as a volunteer … 
During these years he continued to work at his book, writing down his philo-
sophical thoughts in notebooks that he carried with him in his rucksack. He com-
pleted the book in August 1918” (ibid., p. 328). “Upon the collapse of the Aus-
tro-Hungarian army in November 1918, he was taken prisoner by the Italians. It 
was not until August of the following year that he could return to Austria. During 
the major part of his captivity, he was in a prison camp near Monte Cassino in 
south Italy. When Wittgenstein was captured he had in his rucksack the manu-
script of his Logisch-philosophische Abhandlung ... While still in captivity he got in 
touch with Russell by letter and was able to send the manuscript to him, thanks to 
the aid of one of his friends of the Cambridge years, Keynes. He also sent Frege a 
copy” (von Wright, ‘Ludwig Wittgenstein, A Biographical Sketch’, The Philosoph-
ical Review, Vol. 64, No. 4, pp. 527-545).

After his return to Vienna, in August 1919, Wittgenstein immediately started try-
ing to find a publisher, but his attempts were repeatedly frustrated until Russell 
offered to write an introduction to the work as an incentive to reassure publishers 
wary of the work’s potential profitability. The following May “Wittgenstein wrote 
to Russell that the introduction contained much misunderstanding. In 1921 Rus-

sell persuaded the editor C.K. Ogden to publish an English translation in the Ke-
gan Paul series The International Library of Psychology, Philosophy and Scientific 
Method; in tandem with Russell, his friend Dorothy Wrinch was independently 
searching for a publisher. Following a rejection from the Cambridge University 
Press, she contacted three German journals, including Wilhelm Ostwald’s An-
nalen der Naturphilosophie. The only acceptance she received was from Ostwald, 
who replied to Wrinch that he would publish the work because of Russell’s in-
troduction (which appears in German on pp. 186-198 of the present copy); as 
Ostwald wrote to Wrinch, ‘in any other case I should have declined to accept the 
article’ (R. Monk, Ludwig Wittgenstein, the Duty of Genius (1990), p. 203).

Wittgenstein (who never saw proofs of the work) evidently foresaw problems pri-
or to publication, as his letter to Russell of 28 November 1921 makes clear: ‘Wenn 
auch Ostwald ein Erzscharlatan ist! Wenn er es nur nicht verstummelt! Liest Du 
die korrekturen? Dann bitte sei so lieb und gib acht, dass er es genau so druckt, wie 
es bei mir steht. Ich traue dem Ostwald zu, dass er die Arbeit nach seinem Ges-
chmack, etwa nach seiner blodsinnigen Orthographie, verandert’ (McGuiness & 
von Wright (eds.), Ludwig Wittgenstein: Cambridge Letters (1996), p. 172). When 
the book finally appeared, his fears were fully justified. The text that appeared in 
Annalen der Naturphilosophie was riddled with errors; Wittgenstein had used the 
symbols available on a normal typewriter in place of those employed in Russel-
lian logic, and Ostwald had simply them set as type - rather than substituting the 
correct symbols - and Russell ‘evidently had little time to read the proofs carefully, 
and in any case the book had already gone to print before he had received them’ 
(Monk, op. cit., p. 204). Wittgenstein was infuriated by the crassness of the errors 
introduced by Ostwald, exclaiming in a letter to Paul Engelmann that ‘Diesen 
Druck betrachte ich aber als Raubdruck, er ist voller Fehler’ (B.F. McGuiness, T. 
Nyberg & G.H. von Wright (eds.), Prototractatus (1971), p. 28).

Ostwald did not send Wittgenstein any copies of the work when it was published, 
and when Wittgenstein heard from Russell that the issue of the journal was in 
print he had to resort to asking Ludwig Hansel to search the bookshops of Vienna 
for a copy. The search was unsuccessful, and Wittgenstein did not see a copy until 
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C.K. Ogden sent him one in April 1922.

“Ostwald had published it under Wittgenstein’s German title ... Russell had sug-
gested ‘Philosophical Logic’ as an alternative, while G.E. Moore – in a conscious 
echo of Spinoza’s Tractatus Theologico-Politicus – had put forward “Tractatus Log-
ico-Philosophicus” as “obvious and ideal”. It was not, of course, a title that would 
reassure the public of the book’s accessibility ... The matter was settled by Witt-
genstein: “I think the Latin one is better than the present title”, he told Ogden” 
(Monk, op. cit., p. 206).

“Tractatus Logico-Philosophicus was first published in German in 1921 … Com-
ing out of Wittgenstein’s Notes on Logic (1913), ‘Notes Dictated to G. E. Moore’ 
(1914), his Notebooks, written in 1914–16, and further correspondence with Rus-
sell, Moore and Keynes, and showing Schopenhauerian and other cultural influ-
ences, it evolved as a continuation of and reaction to Russell and Frege’s concep-
tions of logic and language. Russell supplied an introduction to the book claiming 
that it ‘certainly deserves … to be considered an important event in the philo-
sophical world.’ It is fascinating to note that Wittgenstein thought little of Russell’s 
introduction, claiming that it was riddled with misunderstandings …

“The book addresses the central problems of philosophy which deal with the 
world, thought and language, and presents a ‘solution’ (as Wittgenstein terms it) 
of these problems that is grounded in logic and in the nature of representation. 
The world is represented by thought, which is a proposition with sense, since they 
all – world, thought, and proposition – share the same logical form. Hence, the 
thought and the proposition can be pictures of the facts” (Stanford Encyclopedia 
of Philosophy).

“In the Tractatus, sentences are treated as ‘pictures’ of states of affairs. As in Frege’s 
system, the basic elements consist of referring expressions, or ‘logically proper’ 
names, which pick out the simplest parts of states of affairs. The simplest propo-
sitions, called ‘elementary’ or ‘atomic,’ are complexes whose structure or logical 
form is the same as that of the state of affairs they represent. Atomic sentences 
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stand in no logical relation to one another, since logic applies only to complex 
sentences built up from atomic sentences through simple logical operations, such 
as conjunction and negation (see connective). Logic itself is trivial, in the sense 
that it is merely a means of making explicit what is already there. It is ‘true’ only 
in the way that a tautology is true – by definition and not because it accurately 
represents features of an independently existing reality.

“According to Wittgenstein, sentences of ordinary language that cannot be con-
structed by logical operations on atomic sentences are, strictly speaking, sense-
less, though they may have some function other than representing the world. 
Thus, sentences containing ethical terms, as well as those purporting to refer to 
the will, to the self, or to God, are meaningless. Notoriously, however, Wittgen-
stein pronounced the same verdict on the sentences of the Tractatus itself – thus 
suggesting, to some philosophers, that he had cut off the branch on which he was 
sitting. Wittgenstein’s own metaphorical injunction, that the reader must throw 
away the ladder once he has climbed it, does not seem to resolve the difficulty, 
since it implies that the reader’s climb up the ladder actually gets him somewhere. 
How could this be – what could the reader have learned – if the sentences of the 
Tractatus are senseless? Wittgenstein denied the predicament, asserting that in 
his treatise the logical form of language is ‘shown’ but not ‘said.’ This contrast, 
however, remains notoriously unclear, and few philosophers have been brave 
enough to claim that they fully understand it.

“Despite these difficulties, in the 1920s and ’30s Russell’s program, and the Tracta-
tus itself, exerted enormous influence on a philosophical discussion group known 
as the Vienna Circle and on the movement it originated, logical positivism” (Bri-
tannica).

One interesting aspect of the present volume is the appearance of the truth-tables 
on pp. 224 and 225; “the truth-table is Wittgenstein’s only formal device to have 
found its way into logic books” (Glock, A Wittgenstein Dictionary (1996), p. 68), 
and this is the first use of them by Wittgenstein in print.

For a sketch of the contents of the work see Encyclopedia of Philosophy, Vol. 8, pp. 
329-334.
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