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In 1883, the reader of Annales des Ponts et chaussées, the official organ of Ponts et 

Chaussées engineering corps, could run into a short article by Maurice d’Ocagne, then student 

at the Ecole des Ponts et Chaussées. In this publication, the future leading and influential 

figure in the domain of nomography suggested a slight modification of a calculation technique 

crafted by Ocagne’s colleague Henri Siegler, and to which road and railway practitioners had 

recourse at the time in order to estimate “cut and fill” volumes for transportation projects. A 

year later, in 1884, Ocagne chose the same Annales des Ponts et Chaussées to publish his now 

well-known article on “abacuses with points in alignment”, while eight years later, in 1891, 

the same journal opened its columns to a book review of Ocagne’s brochure entitled 

Nomographie. Les calculs usuels effectués au moyen des abaques – let us recall that it was in 

this book that the term of nomograph, coined by Ocagne, was first publicized.  From the 

1880s on, Annales des Ponts en Chaussées became a production site of theories and 

calculation techniques related to this new field of mathematics, and also served as a conduit 

for their dissemination within the engineering community. 
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This encounter between mathematics, nomography in our case, and an engineering journal 

was anything but exceptional, in France at least. Indeed, it is now a well-established fact that 

the setting up of Ecole Polytechnique in 1794 marked a turning point in the history of the 

engineering profession in France, since, from this time on, many members of the French 

engineering community have been provided with a systematic training in advanced 

mathematics as well as in “basic” sciences, such as theoretical mechanics, physics and 

chemistry. As a largely unintended result of this theory-centered training, a significant 

minority of polytechniciens in the long 19
th

 century availed themselves of the teaching they 

received while at Ecole polytechnique and its various applications schools, such as Ecole des 

Ponts et Chaussées or Ecole de l’Artillerie et du Génie, to conduct pioneering work in various 

areas of mathematics. Moreover, some of them turned out to be heavily involved in the 

process of production and diffusion of new mathematical knowledge through several editorial 

undertakings. Indeed, the two most highly influential mathematical journals in 19
th

-century 

France, e.g. the Journal de Mathématiques Pures et Appliquées and the Nouvelles Annales de 

Mathématiques, were founded by the polytechniciens Joseph Liouville and Olry Terquem in 

1836 and 1842  respectively.  

 

However, focusing on these mathematical journals and the work by polytechniciens who went 

down in history as distinguished members of the mathematical community of their time could 

well result in condemning to oblivion vast swathes of mathematics produced by graduates of 

Ecole Polytechnique and published in the many engineering journals that were founded in 

France in the first third of the 19
th

 century. Indeed, after the foundation of Ecole 

Polytechnique, the various state engineering corps that recruited their future technical experts 

and top administrators at this educational institution decided to equip themselves with 

technical journals. Thus, the corps du Génie founded its own journal, Mémorial de l’Officier 
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du Génie, in 1803; the corps des Mines set up Annales des Mines in 1816, which replaced the 

Journal des Mines, first published in 1794; in 1831, the corps des Ponts et Chaussées started 

publishing the  Annales des Ponts et Chaussées, and the corps d’Artillerie the Mémorial de 

l’Artillerie. The mid-40s and mid-1850s witnessed the first issues of Mémorial du Génie 

Maritime (1847) and Annales Télégraphiques (1855) respectively. It must be noted, though, 

that most of the mathematical production published in these engineering journals, far from 

constituting an autonomous body of knowledge, was rather a key component of practice-

oriented studies dealing with the various scientific and technical areas embraced by the 

French engineers of the time. 

 

In what follows, I intend to use the case of nomography, that is the science of construction of 

graphical tables capable of representing any relationship between three or more variable, and 

an engineering journal, the Annales des Ponts et Chaussées, in order to illustrate this interplay 

and intermingling of mathematics and engineering concerns within engineering journals in 

19
th

-century France. Several historians of mathematics have already stressed the part played 

by polytechnicians in general, and among them Maurice d’Ocagne in particular, in the 

development of nomography from the 1880s on. What has been largely left unchartered by 

contemporary research is the historical setting from which nomography grew out as a specific 

area of mathematics. An essential element of this setting was the so-called “cut and fill” issue 

for which Ponts et Chaussées engineers devised several calculation techniques over the 19
th

 

century. Although geared towards practical applications, these estimation techniques 

nevertheless formed a fertile breeding ground for the creation of nomography.  

 

Building on the many articles tackling the “cut and fill” question published in Annales des 

Ponts et Chaussées during the period stretching from the 1830s to the 1880s, this paper aims 
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at highlighting the long road to nomography, and, in doing so, at casting light on the ways 

engineering journals functioned as significant sites of knowledge production and diffusion in 

the field of mathematics during the 19
th
 century. 

 

The 19
th

 century witnessed a dramatic development in transportation systems throughout 

France: from 1815 to 1847, about 43,000 km were added to the county roads of the nation, 

while the rural road network, set up in the 1830s, progressively formed an impressive system, 

reaching a length of 540,000 kilometers in 1912. While by 1848, the country had acquired 

approximately 2,000 km of line only, France had a more than 33,000 kilometer-long railroad 

network in 1890.  

 

This quasi-continual transport infrastructure boom prompted many French engineers involved 

in Public Works to actively look for effective tools and other expeditious methods capable of 

helping them deal with the wearisome and time-consuming task of calculating “cut and fill” 

surface areas. Indeed, as it is highly unlikely that the various cross sections of a projected 

transportation system perfectly fit the natural terrain, in order to turn a particular cross section 

into reality, the terrain must be adjusted: some quantities of earth material have to be removed 

(“cut”), and some others to be added (“fill”).  

 

It is not an exaggeration to say that nomography can be regarded as a knock-off effect of all 

these attempts to ease the calculation of “cut and fill” surfaces. Given the significant number 

of Ponts et Chaussées engineers involved in the crafting of these estimation techniques, it 

comes as no surprise that Annales des Ponts et Chaussées devoted a lot of space to these tools 

and the debates that surrounded them. 
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According to the contemporaries, among the first tools devised were a series of material 

objects. For example, some practitioners utilized lead sheets reproducing the shape of the 

various cross sections of the projected infrastructure, and then calculated the surface areas on 

the basis of the weight of the sheets. As these procedures turned out to be cumbersome and 

unwieldy, in the 1830s, quite simultaneously with their counterparts on the other side of the 

Channel, Ponts et Chaussées engineers generated several numerical tables providing “cut and 

fill” surface areas on the basis of the road cross section’s main characteristics and those of the 

terrain as well.  

 

It was Adolphe Fourier who got the ball rolling by publishing the first French “cuts and fills” 

tables for eight-meter wide roads through a local printing house in 1833. Obviously, the high-

ranking officials of the Corps appreciated the initiative taken by Fourier, and, in 1835 and 

1836, they entrusted the now famous engineer and scientist Gaspard de Coriolis with the task 

of performing additional tables for a series of road widths.  

 

A new set of numerical tables came into being in February 1839; they were designed by Léon 

Lalanne, a young member of the Ponts et Chaussées corps. Lalanne’s new tables made use of 

logarithms, and were broader in scope that the then existing ones, since they were capable of 

dealing with any road width. Following this first encounter with the “cut and fill” issue, 

Lalanne seemed to acquire an abiding taste for the “science” of tables. When his older 

colleague Felix Reibell took the initiative to revamp the classic treatise on the arts of 

construction by Ponts et Chaussées engineer Joseph-Mathieu Sganzin, Lalanne was asked to 

produce new tables, which were first published as an Appendix to the new edition of 

Sganzin’s book. 
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Barely had Coriolis and Lalanne put the finishing touches on their work on the “cut and fill” 

issue when instruments performing the same functions as the existing numerical tables were 

about to be conceived by other Ponts et Chaussées engineers. Jules Dupuit’s roulette was a 

handy portable device having a length of around ten centimeters; equipped with a counter, it 

was capable of easily calculating surface areas with the help of a transparent paper on which 

were drawn a series of equidistant parallel lines. At about the same time, Barthélémy-Edouard 

Cousinéry, another Ponts et Chaussées engineer, devised a calculation method based on the 

use of a transparent ruler of his own.  

 

In the early 1840s, practitioners faced with the “cut and fill” question could have recourse to 

an array of numerical tables as well as to a series of instruments. Very soon, a new tool would 

come to be added to the stock of the already available techniques: the graphical table. Its first 

author was Lalanne. The Ponts et Chaussées engineer was able to produce such tables by dint 

of a specific mathematical operation called by its author anamorphosis, and thanks to which 

the original curves could be replaced by curves that were more easy to construct, in particular 

by straight lines. Lalanne himself applied this system of graphical tables, comprising three 

courses of right lines intersecting each other -- horizontal, vertical and oblique--, to railways 

projected in the centre of France from 1844 to 1846. He also expounded his general method in 

a lengthy article published in Annales des Ponts et Chaussées in 1846.  

 

Lalanne’s work on graphical methods proved inspirational for several Ponts et Chaussées 

engineers, who immediately followed in their colleague footsteps. As early as in 1845, 

Emmanuel-Napoleon Davaine constructed a graphical chart for earthworks of its own, the 

publication of which called forth a rather heated debate between the author and Lalanne, who 
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revealed several defects in his colleague’s tables, and made several suggestions aiming at 

improving them. 

 

Although from the 1850s on the practitioner faced with the “cut and fill” question could have 

recourse to a whole panoply of tools, ranged from the first numerical tables established by 

Coriolis and the graphical tables originated with Lalanne to a series of instruments, such as 

Dupuit’s roulette, the quasi-continual transport infrastructure boom during the second half of 

the 19
th

 century and the first years of the 20
th

 century prompted many Ponts et Chaussées 

engineers to keep on searching for new effective tools and other expeditious methods capable 

of helping them deal with the wearisome and time-consuming task of calculating “cut and 

fill” surface areas. Indeed, over this period, new numerical and graphical tables as well as new 

specific instruments came into being, while mechanical devices of more general purpose, such 

as the planimeter devised by the Swiss Jakob Amsler in 1854, were also enlisted in the cause 

of “cut and fill” estimation. As for the previous period, Annales des Ponts et Chaussées turned 

out to be a significant site of production and diffusion of these estimation techniques. The list 

of relevant articles and other publications appeared in the journal from 1854-1889 contains 13 

items, which are to be added to another nine items for the period 1838-1853.   

 

Due to lack of space, I cannot comment on all these publications. So let me just dedicate the 

last paragraph of the paper to a brief presentation of one of these calculation techniques Ponts 

et Chaussées engineers were fond of, and to which I have already referred in the Introduction. 

Among the various attempts at improving the then existing methods or developing new ones, 

the outcome of the efforts deployed by Ponts et Chaussées engineer Henri Siegler in the 

second half of the 1870s deserves a special mention. An estimation technique graphical in 

nature, Stiegler’s so-called profilomètre was easy to build – according to the author, its 
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construction was requiring two to three hours for each type of cross-section –, while two 

seasoned technicians working in tandem and having previously familiarized themselves with 

the tool were able to calculate the surface areas of up to one hundred cross-sections within an 

hour. Siegler’s profilomètre was given a rather warm reception from the engineering 

community of the time. Widely regarded as one of the fastest available methods of the day, it 

was even served as a yardstick whereby to measure the performances of other techniques and 

instruments fashioned by engineers seeking to come to grips with the “cut and fill” problem. 

Given the popularity of the tool, it comes as no surprise that the first publication of Maurice 

Ocagne in the Annales des Ponts et Chaussées in 1883, just one year before his seminal article 

on “nomograms with points in alignment” also appeared in this journal, aimed at ameliorating 

Siegler’s estimation technique.  

  

*** 

Engineers are great users of calculation techniques, it goes without saying. They also happen 

to produce new mathematics in their bid to deal with various natural and social systems. 

Nomography is a good case in point. It can be viewed as an original branch of mathematics 

created to a great extent by engineers who were in grips with a series of mundane problems, 

the “cut-and-fill” issue among them, and who published the outcomes of their efforts in the 

various engineering journals set up in the 19
th
-century. Given its engineering nature, 

significant parts of the history of nomography are to be traced to engineering publications. As 

the encounter of the nomography with the Annales des Ponts et Chaussées clearly shows, vast 

swathes of mathematics are likely to slip under the radar of the historian if the latter 

“disdains” to delve into these engineering journals.  

 


