“MIXED” MATHEMATICS AND ENGINEERING IN THE XVIII CENTURY IN SPAIN. THE MATHEMATICAL COURSE OF PEDRO DE LUCUCE
M. Rosa Massa-Esteve (m.rosa.massa@upc.edu); Carles Puig-Pla (carles.puig@upc.edu); Antoni Roca-Rosell (antoni.roca-rosell@upc.edu)

1.- The Royal Military Academy for Mathematics
The Academy of Barcelona initiated its activity in 1720. The artillery officer, named engineer, Mateo Calabro, was its director until 1738. He prepared a course of Mathematics in which he explained: Arithmetic, theoretical geometry, practical geometry, trigonometry, perspective, statics, practical hydrodynamics, artillery and drawing. Nevertheless, only partial copies of the course have been located. Soon after the set up of the Academy, Calabro and the Engineer-in-chief of the region of Catalonia, Jorge-Próspero Verboom, disagreed on the direction the centre should take. A number of debates took place until the resignation of the director in 1738, when Pedro de Lucuce was named director. 
2.- The Royal Ordinance of 1739

This Ordinance established in a very accurate way the new syllabus of the Academy. The text begins with a justification by King Phillip V of the need for Mathematics: the conservation of the Kingdoms, the success of his armies, and the welfare of his vassals. Nevertheless, military affairs were the main application of Mathematics. The Academy should teach Mathematics to the Officers of the Army to help some of them to enter to the Corps of Engineers or to other Corps of the Army. Thus, the Academy was not directly related to the Corps. The autonomy of the Academy is confirmed by the statistics drawn up by Capel et al (1988): during the XVIII century, only 15 per cent of the members of the Military Corps of Engineers graduated in Barcelona, and most of the graduates of the Academy did not enter to the Corps. 
The Ordinance establishes that the Mathematical Course would consist in a three-year class programme. In this time, it would be enough to study the theoretical part of Mathematics and to carry out “some practice of all knowledge required for warfare operations and the building of fortified places”.  
The director was to prepare a course of mathematics, the content of which is described. The course was to begin with Arithmetics, corresponding to the first six books, and books 11 and 12, of the Elements of Euclid. After this, practical Geometry would be taught. It included Conic Sections and logarithms, proportions, and the use of geometrical instruments. The first part would end with a lesson on Cosmography. After an exam, the second part of the Course would begin with Fortification, and defence and attack of fortresses, Artillery, and the different classes of gunpowder. This part would end with another lesson on Cosmography, centred on the use of maps. After these two parts, some students would end their education. Only those interested in becoming engineers or artillery officers would continue. The third part of the course consisted in Mechanics, Machinery, and Architecture. There would be a lesson on Perspective, Gnomics, and the use of hydrographical charts. The fourth part of the Course was to be centred on Drawing. There would be a final lesson developing an actual project.

3.- The course of Pedro de Lucuce

Pedro de Lucuce prepared the Course following the orientations of this Ordinance. According to Alcaide and Capel (2000), the Course would be completed in 1744. The Course prepared by Lucuce was never printed, but some copies made by students are identified. Each copy occupies more than 2,000 handwritten pages. The reading of the existing copies, made at different times, reveals a great consistency in the text that was dictated in a disciplinary way in Barcelona and in other academies. This coincidence of structure and content gives us a clear idea of how military mathematical education worked. 

3.1.-  Lucuce’s Course and Mixed Mathematics
From the 16th century on mathematical disciplines included a broad range of knowledge, probably due to the expansion of scientific discoveries and technological advances, by means of which the principles of arithmetic and geometry were progressively applied. Technological development in the military and artistic spheres, as well as regards scientific instruments, made mathematical disciplines an increasingly universal tool.         
        Already in the 16th century, Nicolo Tartaglia had proposed different classifications of mathematics in terms of the emerging “new science”. Likewise in the 17th century, the influential English chancellor Francis Bacon (1561-1626) presented a classification of the sciences (1605) that was different from the classical divisions into the seven liberal arts grouped under the Trivium and the Quadrivium . 
        Therefore, in the late 16th and early 17th centuries the traditional division of the Quadrivium was already being left behind.  Furthermore, authors were obliged to place the new disciplines such as Fortifications, Mechanics, Military Art, etc., within the context of the New Science. This new range of knowledge was organised into types of texts generally known as “Mathematical Courses”. 
3.2.- The “Mathematical Courses” as a source for Lucuce’s Course

             Many Mathematical Courses were published in the 18th century; for example, that by Pierre Hérigone (1580-1643) published in Paris. His Cursus Mathematicus (1634) has the above-mentioned features insofar as it deals with different knowledge of pure and mixed mathematics. Hérigone explained that, while Pythagoreans divided Mathematics in four parts, that is to say, Arithmetic, Geometry, Astronomy and Music, other scientists divided them into pure and mixed Mathematics, specifying that in pure Mathematics the quantity was recognized as separate from the subject, and in mixed Mathematics the quantity was in conjunction and mixed with the subject. Moreover, he considered pure Mathematics as being divided according to the kind of quantity, continuous and discrete, in Geometry and Arithmetic, while mixed mathematics was divided into Optics, Mechanics, Astronomy and Music.  

         In Spain, Tomàs Vicent Tosca (1651-1723) wrote a Compendio Mathematico (1707-1715) consisting of 28 treatises in 9 volumes. The first volume deals with Elementary Geometry, lower Arithmetic and Practical geometry; the second addresses high Arithmetic, Algebra and Music; the third, Trigonometry, conic sections and Machinery; the fourth, Statics, Hydrostatics, Hydrotechnics and Hydrometry; the fifth, Civil Architecture, Ashlar Stone and Masonry, Military Architecture, Pyrotechnics and artillery; the sixth, Optics, Perspective, Catoptrics, Dioptrics and Meteors; the seventh, Astronomy; the eighth, Practical Astronomy, Geography and seamanship; the ninth, Gnomics, the Ordering of Time and Astrology. Tosca’s work went into three further editions during the 18th century, and some volumes were published separately. This is an indication of the reception and influence enjoyed by this work. 
      In a “Brief Introduction to Mathematical Disciplines” Tosca explains the object, the nature and the division of these sciences as they were understood at that time. Thus, he classifies them into “purely” mathematical sciences: geometry, arithmetic, algebra, trigonometry and logarithmics; and into physico-mathematical sciences: music, mechanics, statics, hydrostatics, civil architecture, military architecture, artillery, optics, geography, astronomy and cosmography.  

               As an antecedent to Lucuce’s course, we may cite Bernard Forest de Bélidor (1698-1761), a French scientist born in Catalonia and author of the Nouveau Cours de Mathématique, a l’usage de l’artillerie et du génie ou l’on applique les Parties les plus utiles de cette science à la Théorie & à la Pratiques des différents sujets qui peuvent avoir rapport à la Guerre.  (10 vols., 1725). It was an eminently practical course to be used as part of military training. 
          Finally, we describe below Lucuce’s Curso Mathematico para la Instrucción de los Militares, which consists of 8 treatises dealing with pure and mixed mathematics, that is to say, modern mathematics.
· Treatise I: On Arithmetic. Integers, linear algorithm; ratio and proportion in common; 
· Treatise II: On Elementary Geometry. Euclid’s Elements; rectangles formed over a straight line divided into parts; properties of the circle and straight lines both touching it and inside it; ratio and properties of plane figures; the prism and the parallelepiped, the pyramid, the prism, the cylinder and the sphere; conic sections (331 pages). 
· Treatise III: On Practical Geometry. Plane trigonometry; the construction of plane figures; the inscription and circumscription of straight figures in the circle; transformation of plane figures; the use of instruments; planimetry; stereometry; levelling (296 pages). 

· Treatise IV: On Fortifications. Regular fortification; irregular fortification; fortifications effective in the field; campaign fortifications (315 pages). 

· Treatise V: On Artillery. The nature, composition, inspection and conservation of gunpowder; artillery ancient and modern, delineation of mortars, canons, gun carriages and weapons; canon and mortar batteries; fireworks, artillery trains and inventories of strongholds (372 pages).

· Treatise VI: On Cosmography. The celestial sphere; geography; hydrography; seamanship; things belonging to time (392 pages). 

· Treatise VII: On Statics. The motion of heavy bodies; machinery; hydraulics; optical compendium; general principles of optics; perspective (300 pages). 

· Treatise VIII: On Civil Architecture. Building decoration and beauty; solidity and safety of constructions.  

 Lucuce’s Course is designed for an elementary level, suitable for the training of technical personnel. A preliminary review shows that Lucuce`s Course was largely based on Tosca’s Compedio Matematico.       

4.- Some final remarks 

The idea of mathematics as a discipline changed throughout the 16th century until Lucuce’s period. The first classifications of mathematics in the 16th century, such as that by Tartaglia, were still derived from an “internal” analysis of the nature of mathematics. Later, the usefulness of mathematics were taken into consideration in these classifications; that is, in what way could mathematics be used to devise subjects that have eventually come to be regarded as outside mathematics, in some cases as part of engineering.  
      Lucuce’s “Mathematical Course” is a prime example of the direction that mixed mathematics were to take in the 18th century. Its didactical function makes it a set of choices for subjects designed to be useful in the training of construction engineers and of artillery personnel rather than a sample of advanced knowledge. The course was drawn up by following that by Tosca very closely, and makes it one of the most representative in the literature of “courses” in Spain at that time, although other influences cannot be ruled out, such as those by Bélidor or Milliet Dechalles.
     While Lucuce’s classification expresses the importance of the object of mathematics, its content emphasises practical subjects, although it is necessary to clarify certain aspects. First of all, subjects related to building and civil engineering were chosen, so that Optics for example is not included, while an entire book is devoted to Statics. From the mathematical point of view, it appears that the decision was taken not to explain Algebra as a separate subject, probably because most of the problems posed could be solved with Trigonometry and Geometry. As Alcaide and Capel explain in 2000, one book is devoted entirely to Cosmography, although it was planned to explain this subject in a series of complementary lessons at the end of each of the four class periods. It seems clear that the geographic and cartographic applications of Cosmography made it a subject of evident interest for civil engineers.  

     Lucuce´s course, which was used during almost 50 years for the training of engineers in Barcelona, arose therefore from the conviction that mathematics played a central role in understanding the universe, but was also vital for the scientific training of technical personnel. These mixed mathematics assumed forms that were more directly applicable to construction, artillery, cosmography or geodesics.  
     Many authors are of the opinion that the generations of engineers educated and trained in Barcelona performed remarkable work, and undoubtedly contributed to the conception that an appropriate background in mathematics was essential for engineers. Despite the fact that mathematical training was not of the advanced type, the rigour and method required by engineers at the Academy enabled them in all likelihood to complete their training on their own. 
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