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Abstract

Military culture has occupied a central place ie tonstitution of constructive knowledge
amongst the French intellectual elite since theirmegg of the 17th century. The royal engi-
neers, whose trade is rapidly institutionalized dadeloping in the 17th and 18th centuries, are
important agents and vectors of this complex o€fical knowledge backed by geometry, math-
ematics and the new physics.

Despite the recent scientific advances in struttmechanics and strength of materials, it is
mainly the knowledge in geometry and mathematias dne put forth in the military architecture
and engineering treatises as fundamental and gicdier the engineer, be they considered as
prerequisites for access to the physical scieraesgecessary tools for good design and their in-
field concretization, or as a reliable training heet of rational thinking.

Antoine d’Alleman is Chevalierand citizen” of the city of Carpentras, which aé ttime
was the capital of th€omtat VenaissinHe is a specimen of this generation of architaecid
engineers, having studied a good number of militarg scientific treatises, implementing his
knowledge throughout a long career as topograplreegor and hydraulics engineer in this pa-
pal territory, an independent state landlockedhenFrench kingdom. He designed and conducted
in the Comtatimportant civil engineering works representativéhmse undertaken in the neigh-
boring French provinces by the Corps of militargieeers: roads, dikes, canals, aqueducts and
water supply for cities, cartography. He also desijimportant buildings, hospitals, churches
and chapels, at Carpentras and Orange. Besidgsdiessional activity, he undertook the pro-
ject of writing a treatise of architecture.

The review of the mathematical parts of these maipts informs us of the relationship that
such an engineer could establish between theorypeaxtice: a partial mathematization of the
topographer surveyor’s graphical and in-field operes, yielding a reliable foundation to his
know-how. Within the limited framework of this papa&ve will briefly illustrate how this pro-
cess unfolds pragmatically, by analyzing a limiteomber of representative propositions of the
Ms1127 manuscript, entitted pompously “The engineerathematical works of Mister
d’Alleman or introduction to the science of engirieg”.

Professor at the National School of Architectareyon, France, francois.fleury@Iyon.archi.fr
Professor emeritus at the National School of Aeclture in Lyon, France, bernard.duprat@Iyon.afichi
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Analysis of an unpublished treatise of aff' t@ntury engineer, Antoine d’Alleman (1679-1760)

INTRODUCTION

Military culture has occupied a central place ie tonstitution of constructive knowledge
amongst the French intellectual elite since therregg of the 17 century. The royal engineers
are important agents and vectors of this compleprattical knowledge backed by geometry,
mathematics and the new physics. Military architeetand engineering treatises do yield infor-
mation on the nature of these engineers’ educabanhthey provide little information on how
this formalized knowledge is appropriated, impletednenhanced by experience and passed on
by the great number of “ordinary” engineers, livsupstance of a renewed constructive culture.

The Inguimbertine library of Carpentras (France&gps three unpublished manuscripts writ-
ten by Antoine d’Alleman (c. 1734). ALhevalierand citizen” of that city, which at the time
was the capital of th€omtat Venaissinhe had a long career as topographer surveyohgnd
draulics engineer in this papal territory, an inelegent state landlocked in the French kingdom.
He designed and conducted in iemtatimportant civil engineering works representatiie o
those undertaken in the neighboring French prowitigethe Corps of Military Engineers: roads,
dikes, canals, aqueducts and water supply forsgitartography. He also designed important
buildings, hospitals, churches and chapels, at&ras and Orange, or even a church for Ma-
hon in the Minorque Island. Besides his profesdiantvity, he undertook the project of writing
a textbook of mathematics for engineers comprisitigatise of architectute

STANDARD THEMES OF THE MANUSCRIPT

The three volumes of the manuscript (d’Alleman1¢34) are an assembly of small note-
books, very uneven in number of pages, sewn togelfaeh volume focuses on a main theme,
yet with some heterogeneity. The texts are oftessed out: d’Alleman corrects himself in the
margins, scratches out certain parts, or relogatgse paragraphs further in another chapter. It is
therefore clearly a draft, several times amendedgaling parts of its making process. We can
witness how it is being structured as he goes alatigthe writing.

Manuscript Ms1129-1

The author dedicates the first ten pages of thel®&1l to an “inventory of the most im-
portant works that | have done and conducted...”s Thironological listing takes only three of
the ten pages, and covers the period 1700 to Ivé@tioning the year, nature and location of
the works. Other sources attest that a numbersgbitujects are not includedBut even if the list
does not give an exact image of this practitionne@ndicates what in his view is worth to be men-
tioned. d’Alleman appears first as a hydraulic eegr and a topographer surveyor, as he lists 18
times works of river bank planning, waterworks aevklling, undertaken in Provence or in the
Comtat for which he was also the “director of roads”. &s architect, he puts forth 14 architec-
tural projects all for ecclesiastical clients. Tiwst of his business covers occasional tasks of
mapping, archeology, fortificatiGnor even a cannon prototype never tested. Evhis ifecond
and third manuscripts contain large parts dedicttefrtification, and although he does have

3 “treatise of architecture as part of the matheesagxtbook for engineers | have just finished”hsaells Jesuit
Estienne Souciet in a letter dated july 1734 (M&t12f° 117).

* such as the retaining wall and cellars ofmel de Mursin Carpentras, attributed to the famous Franqaki-ar
tects, of which the negotiated price is known (Avek départementales de Vaucluse, 3 E 27 — 194f° P752)

® An archeological survey in Rome, one unique begjiisrfortification project in Malta in 1702 and theall of
plague” between Provence and Gemtat Venaissim 1720.
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the profile of the military engineer, he is notéid in the inventory of Anne Blanchard (1981),
and has almost no experience in the big businedgmbfime: defending and taking fortresses.

Manuscript Ms1129-2

In addition to various pages of drafts or interspdrcalculations, Ms1129-2 presents three
textual units: “demonstrated fortification” (97 s, “introduction to engineering” (2 pages),
and “treatise of arithmetic and rectilinear trigomeiry” (65 pages). Elsewhere, that is on the
cover page of Ms1127, d’Alleman gives a rather deteplist of the scientific fields of his time,
as can be found in the curricula of military engirgesince the 7century (Bousquet-Bressolier,
2008). Yet the short-list he has kept for his “b®dk of mathematics” is very limited, and the
structure of his treatise considerably deviatemftbat inventory. He exposes in some 60 pages
only elementary arithmetics teaching how to couiththe fractional units of the time, and cal-
culations using the properties of the trianglearcalled trigonometric measurement operations.

On the one hand, we are dealing only with a cabbecof basics, probably close to mathe-
matics taught in Jesuit colleges (Rousteau-Chan20d3), and on the other hand, these docu-
ments are heterogeneous. But this heterogeneity doeseem to result from an accidental or
awkward assembly of the pages which would have éragh subsequently to their writing. In-
deed some texts overlap several notebooks and ane sotebook can contain two unrelated
texts. As well as the numerous crossed out tex¢éspbserved thematic heterogeneity betrays the
author’s hesitations. They relate both to the stmecof the text and to its writing. Conversely,
when his rhetoric seems clear and strong, hismgitvell-formed and without cross-outs, then
one is inclined to think that he is either writingt again a first draft, either borrowing sentences
or expressions from other authors. The potentiakas should therefore be sought for and
matched, in order to understand the purpose oivhisg project and his personal scientific cul-
ture within which it is undertaken.

Manuscript Ms1127

The Ms1127 manuscript provides also interesting f@tthe study of this very practical sci-
entific culture. Following a number of definitiond Alleman writes a set of “propositions” that
pertain to what he calls “geometric practice” af #ngineer. These are more specialized than the
simple arithmetics of the Ms1129, and they revésdrty the partial mathematization process at
hand. But before he starts on the mathematics |eti#dn reproduces the definitions of catego-
ries that rule the Corps of the Fortifications Ewgirs since Vauban. Their hierarchy and func-
tions are given, as well as the “qualities and Kedge necessary for the engineer”, in particu-
larly messy lines. His third chapteDés mathématiquésclearly distinguishes “practical math-
ematics” from “speculative mathematics”. ClearhAlleman stands in the first category. This is
confirmed by the following chapter on the practioaasuring units, where he substitutes the
concept ofmeasureby that ofreference yardstickerving as computational unit. His description
of the instruments for measuring, drawing and togplyy goes in the same direction, and he
finally gives to the sixth chapter, dedicated t@geessions for lines and surfaces”, the only ob-
jective of fixing a notation standard using lettéss these entities, giving advice and graphical
models, without any mathematical content, addressm@ to a draftsman than to an engineer.

Most of the Ms1127 is dedicated to chapter sevBes“pratiques de géométrighat com-
prises 76 neatly ordered “propositions” on 47 padelfowed by a trigonometric tatfleon 15
pages. The propositions are presented accordin@iio subtitles:

® This table gives the length of the base of a 25if®osceles triangle depending on the angle siitsmit.
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» 12 for the single straight line, to be drawn, conéd, divided, subtracted;

» 8 teaching how to construct parallels or perperdisurom different passing points;

* 14 to draw, measure and divide plane angles;

» 24 describe methods for constructing regular patggstarting from the triangle up to
the dodecagone, ending with a general method wdlatever the number of sides.

* 4 propositions teach how to draw scaled figuresfoora another;

» 3 then show how to draw ovals, and finally

» 2 for small scale plane cartography, respectivppliad to an enclosure and a river.

D’ALLEMAN’S APPLIED GEOMETRY

Put aside I'essay d’architecture civilethe chapter on applied geometry is the more Heve
oped and coherent textual unit of these manuscilipis analyzed here by comparing a chosen
number of propositions with their equivalents irotreference French treatises of applied geom-
etry, namely La géométrie pratiqueby Jacques Ozanam, published in 1684, dnctique de
la géométrie sur le papier et sur le terrainy Sébastien Leclerc (1682), first published 662

Definitions

Right before starting on the propositions, d’Allemgives a definition for the straight line:
“line ABis straight when looking from poidtto pointB, pointA covers all the points that form
line AB". Let us compare it to those of:

* Euclid in c. 300 BC : “A straight line lies evenlyth the points on itself’” (Joyce 1996)

» Leclerc in 1669: “Straight is a line that is eveplgced within its ends. In another way, it

is that which goes from one point to another withemwy detour” (Leclerc 1682).

* Ozanam in 1684: “If the moving mathematical poioég not more to one side than to the
other, then the line described by this movemenglied straight” (Ozanam 1684)

* Roberval, before 1675: “When a solid revolves atbtwio pivot points, a line can be
stretched between these two points that will lierdy within these same points, that will
conserve the same position during the entire moneofethe solid, and at the same time,
each of all the points of the line will consengatwn position. (Roberval 1996)

Euclid’s definition can be traced in those of Rafa¢iand Leclerc, although quite differently
interpreted. Even if Roberval’s straight line imstituted of material points, the definition calls
for a real mental effort, and is quite uselesspi@ctical operations such as drawing, surveying,
or laying foundations. That of Ozanam explicitlyessthe concept ahathematical pointbut
ends as a tautology. As Ozanam, d’Alleman disregietlid’s heritage in his definition, which
assumes de facto a rectilinear visual ray, stretesea string line. It is strikingly effective: syn
thetic, univocal, and with an essential practicalpe for the field surveyor aiming at staffs. The
comparisons between the same authors of the defisigiven for a perpendicular line confirm
that d’Alleman stands out as the practical mantebud of referring to the mathematical concept
of plane angle, he resorts to the image of a pelipelar that should notléan more towardsA
than toward®”, as a surveyor’s staff.

" Ozanam is very popular and considered as a refenemto the end of the 18th century (Bousquetdrier
2008). As for Leclerc, d’Alleman himself refersttos author (“that | have at home”, he says) witiow he disa-
grees on the definition of the “ordre francais'airthitecture. The book of Leclerc is considered@bysquet-
Bressolier (2008) as a prototype of the new appjeaimetries that appear in the second half of Thie dentury.
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Geometric algorithms

Of the 76 propositions, we have chosen to compareitnthe answers given by the three au-
thors to the problem of drawing a perpendicular.ewkhe crossing point is located within the
given line, the three implement quite the same oefffigure 1). The same letters are used for
the same pointsand they correspond to those used by the tramslafoEuclid for the same
problent. d’Alleman’s style is again effective, with no aimghity: the text is a real algorithm that
can be applied without the help of the figure. émparison, that of Ozanam is somewhat tortu-
ous, and Leclerc omits to specify that poidtandE should lie on linAB.

Although Leclerc declares in the title of his bdabkt he will treat of applied geometoy the
paper and on the terrajnhe never gives any variant for in-situ constiut$l That given by
d’Alleman is in its geometric principal similar tbat for paper, yet he does not explain the anal-
ogy between the course of the end ofcadinetté (small measuring chain) stretched from a
fixed point and the trace given by a compass. Helsi tells us to find poinE by joining the
ends of two chains of equal lengths, respectivithched to stakes B andD.

r O
;:.v_'; ~T g
L
C E B A_D ! E _p
:
D’Alleman (c. 1734) Ozanam (1684) Leclerc (1682)

Figure 1: Drawing of the perpendicular to a giviere AB, passing by a poir€ lying onAB

We get more variety amongst the authors when tingepédicular must be drawn from the
end of a half-line (table 1), when drawing or woikisurface is constrained. That problem is not
presented explicitly in Euclid, and as a mattefaat, the letters to name the points are chosen
more freely. Each author presents a different coatin of two techniques out of a total of
three. One relies on Pythagore’s theorem in a 8-#{angle, the second is based on the in-
scribed triangle, one side being the diameter efdincle, and the last considers the perpendicu-
lar as the bisector of a side of a hexagone cahtaréhe given half-line’s end.

Table 2 shows which of these techniques are selduntehe three authors, and their respec-
tive degrees of complexity, on paper and in-site T3-4-5" technique is the only one imple-
mented in-situ. It is indeed the easiest to teawhta remember, while emerging as the most
efficient, minimizing the number of stakes to beseln in the ground, and the number of goings
and comings. Ozanam does not recommend it on paperge he prefers a rather complex meth-
od, difficult to implement in-situ. On paper, indition to a transcription of that recommended
for the field, d’Alleman favors the most efficiemiethod for pencil and compass.

In many of the propositions, the techniques puhfbry the three authors differ, and although
d’Alleman may appear closer to Ozanam than to legtlis is not systematic. The method pro-
posed by d’Alleman for subdividing a segment inaquarts, for instance, is also found in the
more mathematized 1690 geometry treatise of Leckarcnot in his applied geometry of 1669,

8 Except for the intersection point of the arcs leglerc.
® Such as D. Henrion in 1632.
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which proposes the same method as Ozanam’s. Ofrhethods, d’Alleman chooses the one
with the minimum operations, even if it uses moapegr. It is thus very likely that d’Alleman
borrows from a different number of sources, buadienot in a systematic way. His manuscript
gathers a personal selection of pragmatic andi@fficsolutions to classic useful situations.
These examples are quite representative of mdsedipropositions”. No methodological errors
are identified. Often, alternatives are includedtfee terrain, which take into account practical
difficulties such as those resulting from accedisyor tools’ availability.

“Proposition15 Raise a perpendicul [On paper] “To pull from enéH of a “Proposition 2: Raise a
gC at the end of linga. given lineHl, a perpendicular, draw perpendicular from the end of a

From pointg with any compass
opening that suits you, mark on line
ga five equal partgC and from the
fourth divisionB as center, with
openinggC having drawn an arc i@,
from pointg with opening of JC
parts, mark poin© on arcO and from
g draw linegO which will be
perpendicular to linga, which is
obvious from 49 of 1°

Else with a compass openigg that
suits you, from poinh above linggC
as center, draw circlgiBg. From
point B where the circle crosses line
ga, draw through the centerline Bj,
and from poing to pointj line gj
which will be perpendicular to linga.
Proposition 16 : Raise on the field a
perpendiculagj at the end of linga.
From pointg mark onga distancegB
of 4 toises and having attached to
stakeg and stakd3 a chainette at eac
stretch them both towargso that the
one fromg be three toises and that
from B be five toises. Have a stake
driven in pointj. Pull a string line
from g toj, it will be perpendicular to
line ga.”

D’Alleman (c. 1734)

Table 1: Propositions for the drawing of a perpeuldir from the end of a given line

from the given endH with a

given straight lineA be the

compass opening freely chosen, buproposed extremity of linAB from
less than the given lindl, a portion which the perpendicular is to be

of circle KLM, which crosses the
given lineHI at pointK. Plot the
same compass opening on KtdM,
fromK toL, and fromL to M. Draw
from both pointd., M, with the sam
compass opening, if you wish, two
arcs, that intersect here in pobt
Finally, draw lineHN, which will be
the sought perpendicular.

I

[In situ] Having measured on given |

line AB from A to C the length of 4
toises, attach to the given poihta

string line 3 toises long, and to poin .

C another string line 5 toises long. |
is obvious from 48.1 that if one
stretches these two string lines, so
that one joins together their two

ends, one will have poi? on the
. sought perpendicular.”

Ozanam (1684)

raised.

Technique: Place as you wish point
C above lineAB. From that poinC
and intervalCA draw the portion of
circle EAD. Draw the straight line
DCE through point® & C. Draw
the wanted linE. It will be
perpendicular té\B & [passing
through] the given extremity.
Else: From poinA draw arcGHM.
From pointG draw arcAH. From
pointH draw arcAMN. From point
M draw arcHN. Draw the wanted
line AN.”

£

A

g
Leclerc (1682)

19 proposition 48 of the*1book of Euclid’s elements is the reciprocal oftragore’s theorem. There is no proposi-
tion 49. Either d’Alleman is citing by heart, eitheumber is not well formed, and could be in fact a crooBed
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Pythagore “3-4-5' Inscribed triangle Hexagone
D’Alleman Paper and in-situ Paper -
Ozanam In-situ - paper
Leclerc - paper paper
Complexity on paper
Number of operatiot 7 3 6or5
Different compass openin 3 1 1
In-situ complexity
Distance traveled (toise 9 14 14
Number of stake 3 3 5
Easy to teac easy easy difficult

Table 2: Distribution of the different methods dhdir relative complexity

In rare occasions, the in-situ method departs cetalyl from that given for a paper construc-
tion. This is the case for the division of a seghmerequal parts. The classigler-and-compass-
only discipline (or its in-situ equivalent) yields iroht of the operational issue. Whilst the meth-
od for dividing a line on paper is purely geomettiwe in-situ version is arithmetic, and consists
simply in measuring the total length and dividingumerically by the number of required parts.

Demonstrations

D’Alleman’s “demonstration” for proposition 13 (fige 1) proceeds as such: “li@f [...]
will be perpendicular to linaB, which is obvious because as poibtandE are equally far from
point C and as point is also equally far from poin® andE, the triangle€Cf [and]fCD will be
equal by the % axiom, and the [inéC will not lean more to one side than to the otaed there-
fore will be perpendicular. Since poihts equally far from point®* and E* and [since] points
D* and E* [are equally far] from poinC*, point f will not lean more toward® than toward€
and angle$CD [and]fCE [will be] equal and consequently lifi@* perpendicular to lin@B.”**

A correct demonstration would b€E = ED andFE = FD by construction, thus triangles
FCE andFCD have their three sides equal two by two. By Etgledght’s property, (and not by
the “4" axiom™?) anglesFED andFEC are equal. Sincg, D andC are aligned withaB, then
these two angles are right angles Bis perpendicular t&D, and thus also taB.

In the two other treatises compared, there areenodstrations. D’Alleman very often gives
a tautological explanation in the form of “whichabvious, since...”, but these are practically
never mathematical demonstrations. Those which geectaim that purpose are laborious, in-
complete, and not founded on explicit propertiegptems or axioms. When these are referred
to, indicating Euclid’s nomenclature, it is not alyg relevant, as we have seen.

CONCLUSION

The review of the mathematical parts of these mampts informs us of the relationship that
such an “ordinary” engineer could establish betwieory and practice: a partial mathematiza-
tion of the topographer surveyor’'s graphical andietd operations, yielding a reliable founda-
tion to his know-how. For d’Alleman, mathematiceses to be less an exercise for the elevation
and refinement of the mind than a science thatttes us how to measure and count [...] all that

1 Here d’Alleman refers to points using crossedlettérs of the corresponding figure. We have chdseubsti-
tute them with the correct letters: B,C and D & thiginal are replaced here respectively by D* agtl C*.

2 |n Euclid, proposition 4 goes: “if two triangleave one angle equal and such that the correspositiag are
equal from one triangle to the other, then thedtbide will be the same for both triangles, as aslthe two other
angles, and the triangles will be equal.”
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we consider under the name of magnitude or quathtityle considers that the engineer should
know “The elements of Euclid because they give hssessed principles to guide him in his
practice” and should “well possess applied geomietigause it will teach him how to lie down
on the field and on the paper the plans and psofifedhe construction works, [which are] needed
for taking or for defending a fortress as well asifs construction”.

Although d’Alleman recons the mathematician’s dftorextract this science from its earthly
gangue, he is more interested in the reliabilitytefapplication to real life that stems from the
process, than he is in its formal rigor and bealibhe approximations in the demonstrations, the
concern of putting side by side the paper andtunenstructions, the form given to the concepts
and his preference for efficient methods, all tosfirms that d’Alleman is not a mathematician.
He is merely an expert user, capable of choosirigaralready published methods those relevant
for his own applications, and competent for adaptirem in a reliable way.
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