
Nexus Network Journal 13 (2011) 671–699 Nexus Network Journal – Vol. 13, No. 3, 2011 671
DOI 10.1007/s00004-011-0086-0; published online 22 November 2011
© 2011 Kim Williams Books, Turin

MMaarrttaa SSaallvvaattoorree
Department of History, Design
and Restoration of Architecture

University of Rome 
“La Sapienza” 

Piazza Borghese, 9 
Rome, ITALY

marta.salvatore@uniroma1.it 

Keywords: Stereotomy, 
descriptive geometry, Amédée

François Frézier, Girard
Desargues, Alexis Claude 

Clairaut, coupe de pierres, 
stonecutting, stonecutters, 

masonry architecture, quadric
surfaces, quartics, curves of 

double curvature, right cone,
oblique cone, conic sections,

circular sections 

Research

PPrrooddrroommeess ooff DDeessccrriippttiivvee GGeeoommeettrryyyrryy iinn
tthhee TTrraaiittéé ddee ssttéérrééoottoommiiee bbyy AAmAmmééddééee
FFrraannççooiiss FFrréézziieerr
AAbbssttrraacctt.. Among the sciences involved in the theorization of 
descriptive geometry, the stereotomy played a prominent role. 
The knowledge of the theory of the surfaces of which bodies 
are made up, their plane sections, their intersections, the 
representation methods to control the design operations in 
the plane, is the core of stereotomic design. This makes the
stereotomy the forerunner, in terms of theory and tools, of 
modern descriptive geometry. A seminal essay is the 1737-
1739 Traité de stéréotomie by Amédée François Frézier. This e
work, published a few years before Monge’s Géométrie 
descriptive, summarize the descriptive geometry’s state-of-
the-art in that period. Notably in the first book, Frézier
publishes an original study about the intersections between 
quadric surfaces and the projective-geometrical properties of 
the fourth-order curves derived from them.

On sait que les procédés plus ou moins ingénieux employés depuis 
longtemps dans la coupe des pierres et la charpente ont conduit Monge à 
la création de la géométrie descriptive. Les secrets d’ateliers réunis, classés, 
et surtout rattachés à un petit nombre de principes, ont constitué les 
éléments d’une branche importante des sciences appliquées. Aujourd’hui la 
géométrie descriptive est enseignée d’une manière indépendante des 
questions qui lui ont donné naissance; néanmoins, parmi ses applications 
les plus utiles, il faut citer le tracé des épures relatives à la coupe des pierres 
et à la charpente. La plupart des exercices à traiter se rapportent à 
l’intersection des surfaces 

[Frere Gabriel Marie 1877/1996: 376)].

IInnttrroodduuccttiioonn

As we all know descriptive geometry is a science that uses models to portray figures in
space. However in recent years its role appears to have changed and now has more to do  
with discovering the rules that govern the construction of two-dimensional graphic 
models. In so doing, it runs the risk of losing sight of its original vocation which, up untilg
the last century, had been to be an indispensable tool for understanding the geometric 
properties of solid figures in space. 

These spectacular cognitive opportunities, which inspired the work of surveyors up
until the early twentieth century, can now be developed further by computer science 
which allows us to create extremely accurate drawings directly in space. Three-
dimensional modelling makes it possible to overcome the limits of graphic representation
methods and reconsider descriptive geometry as a continually evolving discipline, y
updating those sciences that have played a major role in its history with a view to
including topics that so far have been impossible to explore. 
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Stereotomy is one of these sciences. It demonstrates how the art of stonecutting is
dependant on an inalienable link between the model, the drawing and construction. A 
topical contemporary concept considers this link to be the load-bearing structure of 
modern descriptive geometry. The search for the prodromes of descriptive geometry in 
stereotomy leads us to explore all contributions – from the work done in stonecutters’
workshops, to the Renaissance treatises and the geometric and mathematical works of the
Age of Reason – that turned the art of stonecutting into a genuine science, thanks to the 
elaboration of a geometric theory that governed its practical application.t

One of these contributions is the monumental work written by Amédée François 
Frézier [1737-1739] in the fist half of the eighteenth century, the last treatise written
before the rationalisation developed by Gaspard Monge.1 The Traité de stéréotomie,
which appears to be a treatise on solid geometry, systematises and rationalises a cognitive
process over two thousand years old. 

SStteerreeoottoommyy:: aarrtt aanndd sscciieennccee

A short review of certain decisive moments in the history of stereotomy can help
clarify the geometric, mathematical and constructive knowledge available to Frézier at the 
time and explain the importance of the methodological contributions and contents of his 
treatise (for more information, see [Salvatore 2008]). 

In 1737 Frézier wrote La théorie et la pratique de la coupe de pierres et de bois pour 
la construction des voûtes, et autre parties des bâtiments civils et militaire, ou traité de 
stéréotomie à l’usage de l’architecture (The theory and practice of stonecutting and woode
working to build vaults, and other parts of civilian and military buildings, or the treatise
of stereotomy in architecture). The treatise appeared at the end of a gradual process 
during which stonecutting developed into a true science. This evolution was driven by a 
cross-fertilisation between different fields of learning, much like what happened with thef
different disciplines used by stereotomy, which include geometry, mathematics, statics, 
construction, etc. 

Like all evolutionary processes, it is impossible to say when it started, but we do know 
that certain epochal changes contributed to shifting the focus from the actual practice of ff
stonecutting to the development of a universal theory.

Improvements in architectural design and therefore in the role of architects during 
construction is just one such change. It was a gradual process, during which building 
became subordinate to planning and design. The architectural project as we know it
today can be considered one of the most “fertile” inventions of the Renaissance, which
inspired a cultural, speculative approach to architecture until then reserved only to 
science [Potié 1996: 8-12]. Design became more important than the actual building 
process; it attracted and coalesced technical disciplines and all those fields in which the
conception and construction of a work is based on an intelligent use of the graphic 
method behind these operations: double associated projection.2 Renaissance architecture 
testifies to the advanced use of double associated projections, a trend that started at that
time. However, as Dürer rightly observes, it is possible that the graphic method was 
developed and improved upon by stonecutters3

pp
 and that anyone wishing to study 

proportions must first have assimilated the way in which measurements are taken and 
understood how everything has to be arranged in plan and elevation, according to the
method always adopted by stonecutters [Peiffer 1995: 59]. 
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Improvements in both graphic methods and stonecutting techniques seem to have 
reciprocally influenced and fertilised both fields over a period of time. In fact, 
developments in the graphic method led to gradual improvements in stonecutting; 
likewise, building requirements slowly gave rise to redoubled efforts to invent new 
instruments to control geometric forms. 

However, other factors were crucial in this transformation of stonecutting into a 
science: the relationship between the evolution of graphic methods and the contributions
which increased the understanding of the geometry of forms. The period when De
l’Orme published Le premier tôme de l’architecture, in which he developed the e traits 
géométriques needed to build several kinds of lithic architecture corresponds to what s
became known as the Renaissance of geometry. The dissemination of the works of 
Alexandrian mathematics and Renaissance research in mathematics laid the groundwork 
for the fertile scientific work of the seventeenth and eighteenth centuries. The geometric
and mathematical studies of certain surfaces and plane sections published at that time
provided more general knowledge about the complex forms of space. However, some 
people did try to generalise even about the use of trait,4 which despite its declared 
intention proposed different solutions for each of the examples described. One such 
person was Girard Desargues, who in his Brouillon projet  developed a universal building 
method based on theory. He demonstrated that abstract geometric logic, rather than
practice and experience, was the best way to identify where to cut the stone, thereby 
robbing master stonecutters of part of their work. The search for the theory behind an 
applied science was a constant in Desargues’s work in the mid-seventeenth century, as it
was for Frézier, who in the fourth book of his Traité de stéréotomie, in the chapters e
dedicated to the problems of building a barrel vault, cites a study on stonecutting in the
Brouillon projet entitled “Concise explanation of t the Desargues method” [Frézier 1737: 
191-206]. Frézier believed that Desargues had sensed that all the traits about the s
construction of barrel vaults, straight, skewed, sloped or slanted could be reduced to just 
one problem – identifying the angle between the axis and a generic section of a cylinder 
[Poudra 1861: 305-351]. We know that Desargues’s theories were not popular among 
his contemporaries,5 but in the world of stereotomy the search for a universal theory for
all Desargues’s work gave rise to two parallel schools of thought. One school believed in
practice and included Jacques Curabelle, Mathurin Jousse, François Derand and Jean 
Baptiste de la Rue, who were indifferent to the search for general principles and whose
works are in fact extensive collections of ad hoc solutions for each case in question. The 
other school comprised the theorists, such as Philippe de La Hire, a pupil of Desargues
and Amédée François Frézier [Laurent and Sakarovitch 1989]. 

The heterogeneous origins of contributions to the science of projection developed 
between the sixteenth and eighteenth centuries is summarised by Jean Nicolas Pierre 
Hachette in his introductory speech to the class of Physics and Mathematics in 1812
[1816]. Hachette describes how the scope of descriptive geometry is to represent three-
dimensional objects on plane surfaces and how the way to achieve this consists in
projecting these objects onto these planes. The science of projection in general can
therefore be divided into two fields: one involves the reasoned but strictly graphic
execution of these projections while the other involves purely analytical theory. Hachette
goes on to say that these two sciences are simply two different ways of tackling the same
problem, and that even if these procedures appear to have very little in common, the 
constant congruence in their results generates a continuous rapprochement that should
not surprise us. This correspondence shows that what appears at first glance to be two 
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very different theories in fact provide reciprocal confirmation of each other’s validity,
explanations and generalisations:  

l’une, en un mot, former des tableaux qui parlent aux yeux, tandis que l’autre 
s’occupe à les décire aussi fidèlement qu’exactement dans la langue qui lui est 
propre [Hachette 1816: 235]. e

Hachette goes on to say that the science of projection had been enriched by graphicf
contributions, for instance by De l’Orme, Jousse, Deran or De La Rue, who had shed 
light on the art of trait, and by analytical theories which t had no direct application in art,
for example those of Alexis Claude Clairaut, the first to write a treatise on curves of 
double curvature. In his Traité de stéréotomie,6 Frézier was the first to consider both
aspects of the science of projections – graphics and analysis – in conjunction. Frézier’s 
approach was quite uncommon, because mixed methods presumed a rather advanced
understanding of the theory of calculus, but this is exactly what Frézier did: he was
intelligent enough to collate the studies on the theory of calculus and use them in 
support of the science of stonecutting. One of the most important mathematical 
contributions known to and cited by Frézier were the studies on the curves of double 
curvature,7 in particular the Recherches sur les courbes à double courbure by Alexis e
Claude Clairaut [1731].8 The ancients were not unaware of the curves of double
curvature, and contemporaries also studied these curves.9 However as Clairaut himself 
states in the preface to the Recherches sur les courbes à double courbure, with thee
exception of several studies by Desargues, it was the first written work in which all 
aspects of these space curves were described. In Clairaut’s work, every curve is described
inside a solid right angle (or is simply inserted in a three-dimensional Cartesian system) 
and is defined by two of the three plane curves created by the orthogonal projection of 
the curve of double curvature onto planes which define the solid angle. Clairaut projected
all the points of the curve on three respectively orthogonal planes, as was customary for
plane curves in a two-dimensional system. This gave him three curve projections, from
whose equations, chosen pairwise, he obtained the unknown of the curve of double 
curvature.10 Even if Clairaut’s objective as a mathematician was to determine the 
equation of a curve of double curvature, the proof of the algebraic conclusions was based
on a clear geometric analysis of the problems, starting with the premise that any curve of 
double curvature can be considered as being derived from the intersection of two or more
curved surfaces. All geometric considerations in support of the theory of calculus are
illustrated in the planches annexed to the treatise (figs. 1, 2).s 11

The improvements in the method of double associated projections, the search for a 
universal geometric theory by the school of Desargues, and progress in mathematical f
studies on curves, surfaces and their intersections were the humus in which Monge’s
descriptive geometry was to grow, the same humus that persuaded Frézier to systematise 
the discipline at a time when, as the author himself writes in the second introduction to 
the treatise: Je sçai qu’aujourd’hui la Geometrie Lineaire n’est plus gueres à la mode, & 
que pour se donner un air de Science, il faut faire parade de l’Analyse … [Frézier 1737:e
IX].

 r t   s é éo o      
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Fig. 1. Planches I and II from s Recherches sur les courbes à double courbure by Alexis Claude e
Clairaut [1731]

Fig. 2. Conics projection of a quartic; reconstruction of figure 17 in the second planche frome
Recherches sur les courbes à double courbure by Alexis Claude Clairaut [1731] e

The Traitté de sstéérééoottoommie by Amédée François Frézier 

Amédée François Frézier was one of the most respected figures in the history of 
stereotomy, yet studies of his work are few in number and very patchy.12 One of the most
cultured figures of the eighteenth century in France, Frézier’s fame did not depend only 
on stereotomy.13 However, critics acknowledge that Frézier’s work was the first 
structured contribution to the art of stonecutting. Evidence of this comes in the form of 
papers by the most illustrious theorists of descriptive geometry, including Hachette,
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Loria, Chasles, etc., and later contemporaries like Taton. However these same critics do 
not provide detailed explanations as to the merits and limits of the “scientific
stereotomy”14 they recognised in his works. 

In short, one could say that compared to his predecessors, Frézier was the author of a 
bona fide treatise on solid geometry. The unusual and novel method and contents of the
work was summarised by the author in his three introductory prefaces dedicated to the
usefulness of theory in the arts which interest architecture, the subjects illustrated in the 
treatise and their classification, and the origins of stereotomy [see Frézier 1737: I-XVI ].

In his first preface the author illustrates his methods and explains how he constantly 
focused on trying to find a general theory that is a guide for practical applications. This 
distinction between theory and practice is the backbone of the treatise. The work focuses
on purely theoretical propositions which tackle building problems that arise on the
worksite from the point of view of geometric abstraction. He analyses the surfaces and 
their intersections, the developments and properties of geometric figures, as well as the 
methods needed to represent them on a plane. He ends with a rather extensive abacus of 
experiments and practical applications:  

Je me propose dans cette Ouvrage de donner la Theorie des Sections des 
Corps, autant qu’elle est necessaire à la démonstration de l’usage qu’on en 
peut faire en Architecture peur la construction des Voutes, & la Coupe des 
Pierres et des Bois, ce que personne n’avoit encore fait; & parce que je 
prends une route differente de ceux qui ont traité de cette Matière, qu’ils 
semblent mépriser la Théorie, ou l’ignorer: je vais tacher d’en étabilir 
l’utilité [Frézier 1737: I]. é

As a good army officer he was fully aware of the importance of experience, but he
tried to prove that good practice, and therefore art, could not exist without formulating a ff
theory and that theory could only be provided by science. Frézier had a decidedly 
modern idea of knowledge. He recognised, in hierarchical order, the existence of a purely 
theoretical speculative science that does not produce tangible results and is reserved for 
the learned, and applied science, exercised by educated people capable of using theory in
many different practical ways. This hierarchical organisation of degrees of knowledge
explains why the Traité de stéréotomie is dedicated to engineers and architects.e 15 Frézier
explains: 

Ceux que je vien de citer [referring to the treatises by Derand (1643) and De La y
Rue (1728)] sont faits pour les Ouvriers, & celui-ci pour les gens qui les doivent 
conduire, comme Ingenieurs et Architectes, que l’on doit supposer initiez dans la 
Géometrie [Frézier 1737: I-XVI ].

In the second preface he illustrates the contents of the treatise and explains his idea of 
stereotomy, which he says should not be called the art of the artisan who cuts stones, but 
instead a mathematical science that should guide their hand when assembling the various 
parts to create a single body, parts which are arranged in such a way that it is their weight 
that provides reciprocal support, without the use of mortar or concrete.16 Stereotomy 
depends on geometry, which is crucial if one wants to understand the shape of objects 
and also mechanics and statics. Frézier noted that many treatises had been written by 
contemporaries on the principles of statics and mechanics applied to buildings and refers
any reader interested in this subject to the works of some of the most famous 
mathematicians of the day.17 However, the way to use geometry in construction had not 
yet been published in a treatise and although there was extensive scientific knowledge
about geometry, it was rarely used in practice. This is why the treatise focused only on 
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the study of the geometry of forms, in particular the forms that occurred repeatedly in
buildings. 

Having said this, Frézier outlines the structure of the book, which was divided into
volumes and books following a methodological order in which he included all aspects of 
this discipline, rigorously dividing the subject matter according to different fields of 
learning. The first volume includes the first three books illustrating the theoretical
element of the discipline, in other words, the science of stereotomy; the second and third yy
volumes, which together form the fourth book, are dedicated to the way in which the
propositions in the first book can be used, in other words to the art of stereotomy. In y
particular:

Book I is dedicated to Tomomorphie, or the “form of sections,” needed toe
understand the nature of the plane or space curves created by the intersection of 
solids;
Book II is dedicated to Tomographie, or the “drawing of sections,” needed to e
draw the above-mentioned lines on flat surfaces; 
Book III is dedicated to Stereographie, the representation of solids and their e
sections on plane surfaces using: double associated projections, Ichnographie ande
Ortographie ; their development on a plane, Epipedographie ; and our knowledge
of the angles created by the surfaces of solids, Goniographie ; 
Book IV is dedicated to Tomotechnie, the art of construction (especially vaulted e
systems), by applying graphic models to stone.

In his treatise Frézier seized every opportunity to point out the mistakes made by his
predecessors. By comparing his own work with previous publications, in the third 
introductory preface he illustrated the novel elements of his treatise for the reader, in
particular his research on theory, his corrections of the mistakes made by others, his 
proposed novel solutions, including several examples.18

One should bear in mind that Frézier’s background in geometry was very similar to 
Desargues’s. Progress in the field of mathematics over the course of the entire seventeenth 
century and the many ways in which algebra was applied ended by relegating geometry to 
the back burner. Algebra became the instrument of choice for solving problems, and the 
works by Desargues, de La Hire and Pascal were forgotten: the eclipse of geometry was to
last more than a hundred years [Kline 1991: 456-465]. The advent of infinitesimal 
calculus heralded a new concept in mathematics that captured the attention of most 
mathematicians. Many initially remained faithful to old geometry, and in fact it was
Liebniz who noted that geometricians could often demonstrate in a few words what
would take much more time using calculus [Coutrault 1903: 181] but that the powerful 
resources provided by infinitesimal calculus induced mathematicians to make new 
speculations [Chasles 1837: 142]. Despite all this, Frézier was well aware of the 
subordinate role to which geometry was condemned during his lifetime. This is evident 
in his introduction to the treatise:  

… l’ancienne Geometrie … fournit à la nouvelle des fondaments solide, 
paticulierrement dans la matiere dont il s’agit, où le calcul Algebrique ne 
pourroit être utile qu’entre les mains de ceux qui y sont plus avancez, que 
ne le sont ordinairement la plûpart des gens qui se mêlent d’Architecture 
…. D’ailleurs elle conduit plus naturellement à la pratique du Traits de la 
Coupe des Solides, & fait selon moi plus d’impression dans la mémoire, 
où les Surfaces & les Lignes se gravent plus profondement que les 
préceptes des formules Algebriques [Frézier 1737: X].s
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Frézier’s work is one of the few eighteenth-century contributions to geometry we can
define as being developed “the old way” (we shouldn’t forget he learnt what he knew 
about mathematics from Philippe de La Hire). Compared to his predecessors, Frézier had
all the technical knowledge and hands-on experience to turn a long searched-for chimaera 
into reality.  

TThhee ffiffifffffiffiffiff rrsstt bbooookk:: ttoommoommoorrpphhiiee
In the first book on tomomorphie, in other words the study of the form of thee

sections of bodies, Frézier illustrates the theory of plane lines and curves of double 
curvature created by intersecting surfaces. 

The treatise focuses in an abstract manner on quadric surfaces, especially those which
recur more often than others in the architecture of vaults illustrated in Book IV. Frézier
starts with a concrete example so that the reader can understand why comprehension of 
the section of bodies is necessary in stereotomy. He placed half a melon on a flat surface
and sectioned it in different ways, slicing or cutting it by rotating a knife around the tip
of the blade. Plane surfaces create the simplest sections, curved surfaces the most
complex, proving that geometry is necessary to understand them [Frézier 1737: 2-4]. 
Based on the comparison between the different sections of the melon, Frézier defines two 
types of sections: plane sections, created by the intersection of quadric surfaces with a 
generically-positioned plane; and space sections, created instead by the intersection of 
two quadric surfaces.  

The first book is divided into two parts. The first focuses on the plane sections of 
quadric surfaces which are conic sections; the second is dedicated to solid intersections,19

in particular to the curves of the fourth order and to special cases in which the
intersection of two quadrics is a conic.20 In each of these sections, each intersection is
analysed with the same thoroughness and method that characterise in the whole treatise. 
Frézier starts with a general introduction to plane sections, followed by a systematic 
analysis of the plane sections of spheres, cones, cylinders and the surfaces he defines as 
‘regularly irregular’,21 such as spheroids,22 conoids, ellipsoids, rings and helicoids (fig. 3).  

Fig. 3. Conics created by intersection of a quadric surface with a plane; planches I and II froms
Traité de stéréotomie by Amédée François Frézier [1737-1739]e
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As Frézier himself admits, his approach to conic sections is not at all novel compared 
to previous works on this subject, but he includes it so that the reader (who he imagines
is acquainted with the rudiments of geometry) does not have to consult other books. 
Frézier refers here to Apollonius, but also mentions the works by Philippe de La Hire and
the Marquis de l’Hôpital.23 One should not forget that beginning in the seventeenth 
century, the work by Desargues and his pupils had contributed innovative treatises on 
conic sections24 to the field of science. In fact, when Frézier wrote his treatise, people 
were already familiar with the projective properties of the circle and the possibility to
obtain the many properties of conics from this figure. Furthermore, studies were so 
advanced that the method used to turn a circle into a cone on a plane, used by de La 
Hire and Le Poivre, preempted the properties of homologous figures relating to the 
correspondence between points and straight lines of a circle and a conic, theorised later 
by Poncelet in his Traité de propriétés projectives (1822).s 25

Like the two treatises which so obviously inspired him, Frézier studies the properties 
of conics as curves obtained from the plane sections of quadrics and as graphic lines of 
the plane. As mentioned earlier, although he did not propose anything new, his studies
on the circular sections of cones and quadric cylinders and the analysis of the plane 
sections of hollow bodies are worthy of note and consideration.

The problem of finding the circular sections of a quadric cone was solved by 
Apollonius who used algebra on an oblique circular cone. It was Father Mersenne who 
pointed out that this problem was reproposed by Girard Desargues, capturing the
attention of several scholars, including geometricians and mathematicians [Mersenne
1644: 331]. Desargues invited his colleagues to generalise the contemporary concept of 
conics defined as sections of a cone with a circular base. He asked himself whether a 
generic quadric cone, regardless of what conic section was used as a base, could be cut by 
a plane and produce a circular circumference and, if so, what method should be used to 
determine the position of the plane section [Taton 1951: 42-43]. At that time, this was a 
complicated question, to which Descartes proposed an analytical solution based only on a 
cone with a parabolic base [Chasles 1837: 82-83]. Mersenne goes on to say that it was
Desargues who formulated a geometric solution to the problem based on the 
construction of the main axis of the cone, but unfortunately no proof remains [Taton 
1951: 42]. 

Frézier also proposed a solution to the problem, looking for circular sections in a 
quadric cone and cylinder; it was a geometric contribution which, in the case of cones, is
misleading, but it should not be forgotten because finding the solution to this problem is 
closely linked to finding the main axes of quadric surfaces. 

Like de La Hire and the Marquis de l’Hôpital, Frézier considered a conic surface to 
be a surface created by moving a straight line, fixed at a point (the top of the cone), 
around any circumference in space. He uses the word ‘axis’ to indicate the segment
joining the centre of the base circumference to the vertex of the surface. He admits that 
right cones and oblique cones exist, depending on whether the axis is perpendicular or 
oblique to the plane of the circular base. Finally, he senses that an oblique circular cone is
identical to a right elliptical cone and for this reason calls it right cone on its base (fig. 
4).26 If he had focused more on the fact that only two kinds of conic surfaces exist, i.e., 
two types of right cones whose only difference is the solid angle at the vertex, this might 
have had a positive impact his search for the three main axes of the quadrics. In actual
fact, Frézier was still far from formulating this concept and this is one of the reasons why 
there are several inaccuracies in the way he determined circular sections.  aa
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Fig. 4. Reconstruction of the genesis of right cones and oblique cones described by Frézier and the 
possibility of obtaining from an oblique cone the corresponding right cone on its base; the drawing 
in grey is number 10 in the planche I from e Éléments de stéréotomie à l’usage de l’architecture pour 

la coupe des pierres, written by Frézier in 1760 s

Fig. 5. Reconstruction of Frézier’s method to determine circular sections in a quadric cylinder and
in a quadric cone

Given an elliptical cone and cylinder sectioned by a plane that together form any 
elliptical section, Frézier makes the ellipse rotate around one of its axes (fig. 5). During 
rotation, the other axis changes its length until it becomes as long as the first. The 
congruence of the two axes determines the position of the plane that sections the quadric
through a circular circumference (of which the two axis become the radii). This is an
effective method for elliptical cylinders because the centre of the two section
circumferences, like the centre of any elliptical section, lies on the main axis inside the 
quadric. This is not the case for cones: here the centres of the circular sections, due to the
obliqueness of the generatrices compared to the axis, do not lie on the main axis but are 
symmetrical to it and therefore cannot coincide with the centre of a generic ellipse
section or with that of the right section of a cone (fig. 5). Frézier was not familiar with 
the concept of main axes of quadrics. In fact, while the main axis of cylinders coincides 
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with the segment he calls an axis, the same is not true for cones. Even though he sensed it
was possible to turn oblique cones into right elliptical cones and had therefore identified 
the main axis inside the quadric, this perception is not developed in the treatise.27

The circular sections in a quadric cone were determined in the first half of the
nineteenth century by Théodore Olivier, who used a right elliptical cone in his
generalisation [see Olivier 1852: 199-202]. Olivier noted that the circular sections of a 
right elliptical cone are produced by the intersection of the cone with a sphere whose 
centre coincides with the centre of the base ellipse and whose radius is equal to the 
distance of the centre of the ellipse from one of the generatrices of the cone passing the
end of the major axis of the base ellipse (fig. 6).

Fig. 6. Théodore Olivier’s method for determining circular sections in a right cone on an elliptic
base; the original drawing comes from the planche 75e of Cours de géométrie descriptive (1852)e

Since in every oblique cone the main axis inside the surface passes through the centre 
of a elliptical section perpendicular to it – in other words, every oblique cone is a right
elliptical cone – it is possible to apply Olivier’s solution to any quadric cone. To obtain a 
right cone from an oblique cone, it is necessary to know the main axis inside the quadric, 
but the method to create the main axes of these surfaces is provided by mathematical
analysis using procedures that could not be represented graphically with the tools
available to geometricians before the second half of the twentieth century.

Today the problem can be solved differently. As specified in the introduction, it is
one of those cases in which by applying representation methods to computerised
methods, solutions can be found directly in space. Determining the axes of a quadric
cone (or quadrics in general) can be geometrically solved very quickly by mathematical 
modelling,28 using the properties of the barycentre of solid figures, based on this 
observation: the main axis inside a quadric is the geometric locus of the barycentres of 
solid figures made up of the quadric and by planes perpendicular to the axis.  



682 Marta Salvatore – Prodromes of Descriptive Geometry in the Traité de stéréotomie by Amédée François Frézier

Fig. 7. Properties of the barycentre of solid figures used to construct the three axes of a quadric 
cone; generalization of Olivier’s method to construct the circular sections in a right cone on an

elliptic base extended to any quadric cone 
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In the case of a generic oblique cone, given the barycentre of any corresponding right
cone, we will know the direction of the main axis we are looking for. Since it is 
impossible to obtain the corresponding right cone from an oblique cone without
knowing the direction of the main internal axis – which is in fact what we are trying to
establish – we will have to use a figure with characteristics of symmetry similar to those of 
the right cone; this can be achieved by building a sphere with any radius whose centre lies
at the top of the cone. The curve intersection of the sphere and the cone is a curve of the
fourth order. Eliminating the part of the cone outside the sphere will give a solid figure
made up of the conic surface and part of the spherical surface, the barycentre of which
(the computer calculates this automatically) lies on the unknown axis of the quadric, 
thanks to the above-mentioned properties of symmetry. The straight line between the 
barycentre of this figure and the vertex of the cone is the main axis. To find any right
cone starting with an oblique cone, the quadric has to be sectioned by a plane
perpendicular to the main axis (fig. 7) [Salvatore 2008: 139-146].

Frézier’s considerations about hollow bodies, in the first part of the first book of the
Traité de Stéréotomie, are also worthy of note. In stereotomy, the theory of conice
sections should also apply to hollow bodies, because the forms used in masonry 
architecture are similar to hollow bodies, particularly to hollow cones and cylinders, the 
forms most used in vaulted systems. Frézier demonstrates how the plane section of a 
hollow circular cone of uniform thickness is an elliptical ring made up of two ellipses that 
cannot be concentric. He also demonstrates how the plane section of a hollow circular 
cylinder is an elliptical ring made up of concentric but not equidistant ellipses, because 
two concentric ellipses are never equidistant (fig. 8).  

Fig. 8. Plane sections of a hollow cylinder and a hollow cone, whose right sections are circular rings

He then goes on to apply this to oblique bodies, treading on thin ice in the cases 
where it is not always possible to prove certain theories. Frézier believes that there’s only 
one case in which a hollow sectioned cone produces an elliptical crown made up of 
concentric ellipses: when the cone is scalene and the elliptical ring is given by the section 
orthogonal to the axis which, he goes on to say, is like considering it a right elliptical 
cone. However, the method used by Frézier to determine a right elliptical cone starting 
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with an oblique circular cone cannot be used for hollow cones, because the surfaces of a 
hollow oblique cone whose base is a circle cannot be equidistant. So, if we wanted to
obtain from this hollow cone the corresponding right cone, we would see that the right
sections of the two surfaces have different positions because the main axes of the two 
quadric surfaces are different. With reference to hollow oblique cylinders with 
equidistant surfaces, the sections will generally be concentric ellipses, except for one case
in which the section will be a circular ring.29

The second part of the treatise, containing the most innovative contributions for that 
period, focuses on the curves of double curvature created by the intersection betweene
quadric surfaces. Frézier was inspired by Clairaut’s Recherches sur les courbes à double 
courbure [1731] published a few years earlier. Clairaut mathematically analysed the
curves of double curvature, while Frézier adopted an approach which was rather unusual
for that period: geometry. Frézier was interested in understanding curves of double
curvature in order to control all aspects of a vaulted system morphologically; this meant 
understanding the geometric nature of the curves created by the intersection of quadric 
surfaces. The treatise also explains how to apply this knowledge in practice. Each time
Frézier analysed an intersection, he backed it up with concrete examples showing how 
important it was to understand the problems of intersection. In the fif rst part of the first
book, plane sections were used to explain simple vaults; likewise curves of double 
curvature, intersection of quadric surfaces generally make up the corners of composite 
vaults, except for several special cases in which these intersections give rise to plane curves 
(fig. 9). 

Fig. 9. Conics created by intersection of quadric surfaces variously juxtaposed

Thanks to his meticulous way of presenting these examples he reveals three types of 
curves of the fourth order; these curves constitute the novelty contained in this treatise. 
Frézier defines these curves as cicloïmbre, ellipsimbre ande ellipsoidïmbre.30

The treatise focuses on the possible intersections between bodies in positions that are
always different; the subject is tackled with the same meticulousness Frézier uses to
explain plane sections (figs. 10, 11, 12). He analyses the intersection between spheres; 
between cylinders and cones; between cylinders and other cylinders and cones; between
cones; between spheroids and spheres; and between cylinders and cones (according to the
order shown in the synoptic table, fig. 13). 
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Fig. 10. Conics and quartics created by intersection of a sphere with another quadric surface; 
planches III, IV froms Traité de stéréotomie by Amédée François Frézier [1737]e

Fig. 11. Conics and quartics created by intersection of a cylinder with another quadric surface;
planches V, VI froms Traité de stéréotomie by Amédée François Frézier [1737]e
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Fig. 12. Conics and quartics created by intersection of a cone and a spheroid with another quadric
surface; planches VII, VIII from Traité de stéréotomie by Amédée François Frézier [1737] e

Frézier wanted to provide his readers with a concrete example of these curves, so he
suggested they imagine a circle on the spine of a book about to be bound and inserted inf
the press by the bookbinder. The reader was asked to imagine what would happen when
the bookbinder rolled the spine: the pages would slide over one another, causing the
pages to move, less in the centre and more at the edges. Thus the circle would no longer
be a circle, but instead the curve of fourth order that Frézier called a cicloïmbre, whiche
belongs, not to a plane, but to a cylindrical surface (fig. 14). The cicloïmbre is therefore a e
quartic, obtained from the parallel projection of a circle on a cylindrical surface. Likewise, f
the parallel projection of an ellipse on any quartic surface is called an ellipsimbre,31 while
the central projection of a circle or an ellipse on any quadric surface is called an 
ellipsoïdimbre (fig. 15).e 32 These are obviously curves with two branches: Frézier shows 
both branches, but for reasons of symmetry, analyses only one.  

Fig. 14. Example selected by Frézier to explain the geometric nature of the curves of double
curvature; if you draw a circle on the spine of a book about to be bound, the rounding of the spine 

will transform the circle in a curve of double curvature, specifically a cicloïmbre
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Fig. 15. The cicloïmbre, the ellipsimbre  and thee ellipsoïdimbre, the three types of curves of thee
fourth order identified by Frézier in proportion to the conic from which they originate through

parallel or central projection

These curves, when projected using a direction of central or parallel projection on a 
plane surface, are projected into the conics. If we consider that these quartics are obtained
through parallel or central projection of the conics on quadric surfaces, during projection
some of the more characteristic lines of the conics which produced them will remain 
unaltered, while others will change shape.33

Since these are curves of double curvature, a segment will establish its depth, taking 
its name from the ‘axis of depth’, which indicates the maximum distance of the solid 
section34 from the plane of the conic that generated the quartic. As per plane curves, 
Frézier defines the segments between two opposite points of a curve that pass through the 
axis of depth as diameters of a curve of double curvature; they are identical to those of the 
conic in the cicloïmbre and e ellipsimbre, and parallel in thee ellipsoïdimbre. He defines thee
straight axis as the diameter of the solid section which coincides with the genetratrices of 
the surfaces on which the conic is projected, and subtended axis as the diameter of the 
conic passing through the points where the curve of double curvature is tangent to the 
plane of the conic. The curve that halves the solid section and lies on the plane passing 
through the subtended axis perpendicular to the plane of the conic, is called a ‘curved
axis’ (fig. 15). The projections linking the conics to the quartics allow Frézier to locate,
given two intersecting quadric surfaces, the points belonging to the intersection space
curve. 

It is possible to pass any number of surfaces through every curve of double curvature, 
especially two quadric surfaces, or more precisely, those from which one imagines the
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curve was created through intersection. In the projective method proposed here to
describe curves of the fourth order, one of the two quadric surfaces is always a cone or a 
cylinder whose generatrices are the straight lines projecting the conic, while the other is 
the quadric surface to which, according to Frézier, the solid section belongs (i.e., the part 
of the surface defined by the curve of double curvature).

Note that the curved axis of a curve of double curvature is a conic, the plane section 
of one of the quadric surfaces that intersect and produce the quartic, but it is also the
plane section of a third quadric surface that passes through the same space curve.
Clairaut’s studies had shown how a curve of the fourth order is projected onto three 
triorthogonal planes in a conic and how there are at least three quadric surfaces [see 
Clairaut, 1731: 29-30] that belong to the curve of the fourth order. This can be
demonstrated in geometry considering that a curve of the fourth order can always be 
projected on three respectively orthogonal planes in three conics when regular quadric 
surfaces which intersect have, pairwise, common planes of orthogonal symmetry.35

Frézier is familiar with Clairaut’s work and therefore knows that a third quadric surface 
of the space curve exists, but does not examine it in his treatise. Instead he chooses more 
or less convenient solid sections depending on the intersection (fig. 16). 

Fig. 16. Planes of orthogonal symmetry common to three intersecting quadrics

In short, the intersection of quadric surfaces can create three different kinds of curves
of double curvature, the cicloïmbre, ellipsimbre ande ellipsoidïmbre, which can always be e
projected, either in parallel or central projection, in the conics and which, like the conics 
which create them, have characteristic axes and lines. This kind of classification of the
intersections between quadrics is the “load-bearing” structure of the second part of the 
first book. After having introduced the concept of curves of double curvature and
illustrated the difference between them, Frézier systematically tackles the possible 
combinations of intersections between surfaces whose morphological variations and ff
position determine different kinds of curves of the fourth order. There are many variables 
in intersections between quadric surfaces, which, when combined, influence the type of 
space curve created. Therefore parameters such as the reciprocal position of the bodies,
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especially the position of their axes and centres, or the straight or oblique nature of the 
surfaces and the type of intersection, are all important because all these parameters
determine the number of generatrices of the quadric sectioned during intersection. 

It is just as important to establish which quadric crosses the other, because the 
generatrices of the former become the projective straight lines. The cicloïmbre and e
ellipsimbre are curves that occur when in thee intersection between quadrics and the 
cylinders cross another surface, because the generatrices of the cylinders, parallel by 
construction, are considered projective straight lines and because the plane sections of the
round or elliptical quadric cylinders are always circles or ellipses (figs. 17, 18). Likewise,
the ellipsoïdimbre occurs in all those intersectione s in which the cones cross another 
quadric. In this case, the two branches of the curve, the one entering and the one exiting,
will be the same kind of curve, but each will be different because they are projected in a 
conic by central and not parallel projection (fig. 19). To these three main types we must 
add another two believed to be variants of the ellipsoïdimbre, and defined respectively ase
paraboloïdimbre ande hiperboloïdimbre, which refer exclusively to intersections betweene
cones, so the intersection space curve is projected onto a plane through central projection
in a parabola or a hyperbola (fig. 20).

Frézier ends the long list of intersections by noting that for all the intersections not 
part of this broad spectrum, it is possible to use parallel plane sections to determine
points common to the two surfaces and then, even without knowing the type of curve, it 
is possible to draw it correctly. 

Even if this way of considering curves of double curvature was not popular, it is still 
one of the interesting novelties in Frézier’s work compared to previous treatises, especially k
if one considers that we owe the existence of the geometric theory of surfaces of the 
second order and curves of double curvature to Monge’s school, and that up to that time 
this theory had been touched upon only slightly by Desargues [Loria, 1931: 80-81].

CCoonncclluussiioonnss

Frézier’s great achievement is that he developed a theory based on the mathematical 
knowledge available in the eighteenth century. Together with well-established building 
techniques, it contributed to ennobling the art of stonecutting, turning it into a true
science. Frézier completed a series of studies over a very long period of time, and his work 
is one of the last on stereotomy before the work by Gaspard Monge who, as we know, is 
credited with rationalising and broadening the knowledge accrued up until that time.
Frézier wrote his work in 1737, a few years before the advent of the industrial revolution,
at a time in history in which production and construction were to change forever and
would no longer be the protagonists of a long but constant transformation. Monge basedff
his search for a general theory on the need to satisfy the new requirements of industrial 
production. Similarly it was the search for a universal theory and its dissemination 
amongst professionals that fired Frézier’s work, giving it an extremely modern flavour. 
Together with its novel contents, the work is an important landmark in the history of the
science of representation.  

To review and consider descriptive geometry as a discipline that is forever changing 
means updating and reviving those disciplines which, although considered dead and
gone, have contributed to its history. Seen through modern eyes, stereotomy  now 
appears to be a precious resource for the modern science of representation.
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Fig. 17. Examples of intersection between quadrics, where the curve of the fourth order is a 
cicloïmbre or an ellipsimbre; specifically, reconstruction of thee e examples of intersection regarding 

two cylinders
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Fig. 18. Examples of intersection between quadrics, where the curve of the fourth order is a 
cicloïmbre or an ellipsimbre; specifically, reconstruction of thee e examples of intersection where the

cylinders cross spheres and cones
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Fig. 19. Examples of intersection between quadrics, where the curve of the fourth order is an 
ellipsoïdimbre; specifically, reconstruction of the exaee mples of intersection where the cones cross 

cylinders and other cones 
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Fig. 20. Examples of intersection between quadrics, where the curve of the fourth order is a
paraboloïdimbre and ane hyperboloïdimbre; specifically, reconstruction of the examples of ee

intersection regarding two cones

AAcccAckknnoowwllwleeddggmmeennttss

Where not otherwise indicated, all graphic eleborations are by the author.  
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NNootteess

1. In a rather hasty and somewhat daring manner, the paternity of descriptive geometry was often
attributed to Gaspard Monge, but like the genesis of all sciences, in the case of descriptive 
geometry it is short-sighted to ignore the theoretical and practical contributions that 
contributed to creating it.

2. By “associated projections” I refer to the graphic method of double orthogonal projection.
Since it was Gaspard Monge who invented the term and classified the method, I have preferred 
to use the definition used before the method theorised by Monge.  

3. There is a close link between improvements in the graphic method and the evolution of 
stonecutting techniques. For example, the realistic feasibility of certain works such as the spiral 
staircase known as ‘the screw of Saint Gilles’, in which the edges of the ashlars belong 
respectively to the curves of double curvature and to skew surfaces, prove that pre-Renaissance
building techniques needed drawings and signs to be built. 

4. The French word trait (pl.t traits) in stereotomy defines drawingss  (in scale or proportion) that 
generally consist of a plan, of one or more rotated sections, and one or more developed plans. 
This kind of drawing contains the geometrical and constructive information need to carry out a 
specific work of cutting stone. 

5. Poudra writes that only in 1822 Poncelet in his Traité des proprietés projectives drew people’s s
attention to this important geometrician, ennobling his name as one of the founders of modern
projective geometry. The same holds true for Michel Chasles, who in Aperçu Historique sur 
l’origine et le développement des methods en Géométrie [1837] published his studies one
Desargues’s work and disseminated several new geometric concepts. In a bookshop in Paris 
Chasles also discovered a book transcribed by Philippe de La Hire of one of the most y
important works by Desargues: Brouillon project d’une atteinte aux événements de la rencontre 
d’un cone avec un plan, which was published, after its discn overy, by Noël-Germinal Poudra in 
Oeuvres de Desargues reunies et analysées par M. Poudra, in 1861.a

6. Even if Hachette recognised the good work done by Frézier, he ended his report by saying that 
Monge was the one who gave a new dimension to the entire field of the science of projections 
[Hachette 1816]. 

7. Stonecutters knew how to create the edges of double curvature of an ashlar physically, but there
was no theory to support their expert knowledge and, therefore, no knowledge of the geometric
nature of the curves they used.

8. Frézier also makes reference to the treatise by the Jesuit father Pierre Coucier, De Sectione 
Superficiei sphaericae, clindricae par cylindricam et conicae per conicam di Pierre Courcier 
(1663), which explains the geometric nature of the curves of double curvature created by the 
intersection of elementary solids. Even if Courcier’s contribution presents no particular 
difficulties as far as the solution of the problems of intersection is concerned, it
methodologically anticipates the analysis proposed by Frézier in his Traité de stéréotomie.

9. As early as 1530 Nonius, and a little later Wright, Stevin and Snellius studied rhumb lines: 
Halley considered this curve as the stereographic projection of a logarithmic spiral. Then came
the studies by Roberval published in 1630 in the Treatise of the Indivisibles dedicated to the s
curve which Loubère later defined as cyclocylindrical. This was followed by the studies by 
Descartes which, at the end of the second book of his Géométrie in 1637, introduced the
revolutionary concept of surfaces of double curvature in the doctrine of coordinates in space.
The first to represent a curved surface using an equation with three variables was Antoine
Parent (1666-1716). Then came several studies dedicated to the solution of single problems
that fascinated mathematicians between the late seventeenth and early eighteenth century,
including those by Johann Bernoulli and Leonhard Euler. However it was Clairaut who wrote 
a comprehensive and complete treatise on curves of double curvature (1713-1765) [See Chasles 
1837: 136-141].  

10. In this work Clairaut analyses geometric and not transcendent curves. However, as he himself 
writes in the preface, the principles described can be applied to this kind of curve even if special
methods have to be used. 

11. The work is divided into four sections: how to consider curves of double curvature; the use of 
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differential calculus compared to their tangents and perpendiculars; the use of integral calculus
compared to their rectification; the quadrature of the spaces they create and, finally the 
illustration of certain general principles required to build curves of double curvature and 
understand their genesis. 

12. For biographies of Frézier, see [Desessarts 1800: 175-177; Faller 1792: 214].  
13. Amédée François Frézier (1682-1773) is known as a great military strategist, an expert in

fortifications and an enthusiastic traveller. He spent his entire career as an engineer and
member of the Army Intelligence Corps, a job which gave him the possibility to travel 
extensively. He wrote many books on military architecture as well as works which span many 
other fields of learning, including Traité des feux d’artifice and Relation du voyage de la mer 
du Sud aux côtes du Chili, du Pérout et de Brésil, fait pendant les années 1712, 1713, 1714. 
Ouvrage enrichi de quantité de planches en taille-douce, which includes detailed maps of the e
east coast of Latin America. His travels and inclination for theory and study, coupled with his 
work which made him a protagonist of eighteenth-century fortifications, gave him extensive
knowledge in many fields of learning. He spent most of his life on military worksites, where he 
was able to experiment with different building techniques and at the same time improve his 
skills in the art of war.

14. The definition “scientific stereotomy” was coined by Loria [1921: 87-96]. 
15. Even if the entire treatise is dedicated to engineers and architects, Frézier explicitly dedicates

the first volume to the Learned, who he defines as “those who focus on difficult things”, in 
other words to the men of science who from this one theory will be able to independently 
elaborate various applications, if they are curious enough. 

16. Stone masonry architecture consists of ashlars that are dressed elsewhere based on principles of 
prefabrication. When assembled their geometry creates the overall object, without the use of 
mortar or concrete. When used, mortar had no static function, but was used to fill in any 
unevenness and surface imperfection between each ashlar, making them perfectly flat so they 
could evenly distribute the pressure exerted by one element on another and prevent any 
cracking that might be caused by bad alignment [Salvatore 2009: 489-491].y

17. Frézier cites several authors in particular but not their works. It is reasonable to assume he was 
referring to: Philippe de La Hire (1640-1718) for his Traité de mécanique, où l’on explique 
tout ce qui est necessaire dans la pratique des Arts (1695) ands Sur la construction des voûtes 
dans les édifices (1712); Claude Antoine Couplet (1642-1722) for hiss De la pousée des voûtes
(1729); Antoine Parent (1666-1716), for his Élements de méchanique et de phisique: où l’on 
donne géometriquement des principes du choc et des équilibres entre toutes sortes de corps; 
avec l’explication naturelle des machines fondamentales (1700), s Nouvelle statique avec 
frottemens et sans frottemens ou Regle pour calculer le frottemens des machines dans l’état 
d’équilibre (1704), e Des résistance des tujaux cilindriques pour des charges d’eau, & des 
diametres données (1707),s De résistance des poûtres par rapport à leur longeurs ou portées, & 
à leur dimensions et situations; et des poûtres de plus grande résistance, indépendamment de 
tout système physique (1708) ande Des points de rupture des figures: de la manière de les 
rappeler à leurs tangentes: D’en déduire celles qui son partout par-tout d’une résistance égale: 
Avec la méthode pour trouver tant de ces sortes de figures qui l’on veut: Et de faire en sorte que 
tout sorte de figure soit partout d’une égale résistance, ou ait un ou plusieurs points de rupture
(1710); Bernard Forest de Belidor (1697-1761), for his La science des ingégneurs dans la 
condite des travaux de fortification et d’architecture civile (1729). Most of these works weree
published for the first time in Mémoire de l’Académie Royale des Sciences.

18. As mentioned earlier, the treatises on steretomy published before Frézier were in fact 
constructive algorithms rarely accompanied by demonstrations, except in the work by the y
Jesuit Father Claude François Milliet Deschales entitled De Lapidum Sectione (a chapter of thee
mathematical work Cursus seu Mundus mathematicus published in 1674). s

19. This is the definition given by the author in his treatise. y
20. The terminology used by Frézier to describe quadric surfaces and curves of the fourth order is 

different from the one we use today. In the treatise the author makes extensive use of the term
“bodies,” meaning volumes containing quadric surfaces which, depending on their type, are 
called conic surfaces, cylindrical surfaces etc. and are divided by a plane surface that has any 
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conic section as its perimeter. Instead he uses Clairaut’s definition for space curves, i.e., curves 
of double curvature. 

21. Frézier considers ‘regularly irregular’ bodies to be all kinds of round bodies, even if he includes
helicoids.

22. A Spheroid is a surface that we today would call and ellipsoid of rotation; this term was used by nn
ancient geometricians and is present in the De conoidibus et sphoeroidibus, in which
Archimedes introduces three solids: the hyperbolic conoid, thed parabolic conoid and d elongated 
or prolate spheroids.  

23. Frézier refers the reader to the study of Conics by Apollonius, thes Les éléments des section 
coniques by Philippe de La Hire (1679) and the Traité analytique des sections coniques by the s
Marquis de l’Hôpital (published posthumously in 1707).

24. In particular, the Brouillon projet d’une atteinet aux événements des rencontres du cône avec 
un plan, written by Desargues in 1639, the n Essay sur les coniques written by Pascal in 1640 
and the Sectiones conicae in novem libros written by de La Hire in 1685, but also the work by 
Guarini entitled Trattato sulle coniche (1671) or the work by Le Piovre entitled Traité des 
sections du cylindre et du cône, considerées dans le solide et dans le plan, avec demonstrations 
simplex et nouvelles (1704). s

25. It would be easy to illustrate the immense resources that this method would have immediately 
afforded geometricians if the latter had not abandoned the lessons of old geometry [see Chasles 
1837: 116-141].

26. Frézier developed this concept in Élements de stéréotomie à l’usage de l’architecture [1760],e
which summarises the contents of the Traité de stéréotomie. 

27. In Élements de stéréotomie à l’usage de l’architecture [1760], Frézier only includes the solution e
proposed for the cylinders, but not the cones.  

28. By “mathematical modelling” we mean three-dimensional modelling using Nurbs curves and 
surfaces to show forms in space, so curves and surface are described using a parametrical
equation. 

29. If the two surfaces were not equidistant, and the cylinder was created by tracing two straight 
lines around two concentric ellipses, the positions of the circular sections would lie on different 
planes and would give rise to two special cases, one in which the section of the external cylinder
is a circular circumference and one where the cylinder is an ellipse, and vice versa. 

30. These words come from the Latin Imbrex, “hollow tile,” which Fréx zier believed described the
form of the sections created by intersection of the bodies. These are neologisms which appear 
in his treatise for the first time, but which did not become popular. 

31. This is the abbreviation of the Latin expression, ellipsis imbricata.
32. Frézier explains that the name comes from the fact that this curve somehow imitates the 

ellipsimbre.
33. With reference to the book to be bound, the number of pages that slide when the spine is

rolled remains the same; since the pages can be compared to the ordinates of a conic, one can
conclude that during projection the latter remain the same in number and, only in the case of 
the cicloïmbre ande ellipsimbre, also in size.e

34. Frézier uses the term ‘solid section’ to indicate a portion of a quartic surface defined by a curvef
of double curvature.

35. The enunciation of this theory is published in [Frere Gabriel Marie 1887/1996: 645-646].
Consideration should be given to the note at point 1053 by M. E. Lemoine.
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