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			Abstract

			The article investigates relationships between measuring and imagemaking, focusing on the common historical context for the universalization of measurement standards and the emergence of photography. It discusses several artworks that directly tackle the problem of measurement and standardization (Marcel Duchamp’s 3 stoppages-étalon; John Baldessari’s Throwing Three Balls in the Air to Get a Straight Line (Best of Thirty-Six Attempts); and Sasha Litvintseva’s and Beny Wagner’s Constant) to demonstrate the tension between the particular and the universal, the material and the ideal, and to claim that both metrological standards and technical images always exist as multiple variants of idealized entities.
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			Resumen

			El artículo investiga las relaciones entre la medición y la creación de imágenes, centrándose en el contexto histórico común para la universalización de los estándares de medición y la aparición de la fotografía. Analiza varias obras de arte que abordan directamente el problema de la medición y la estandarización (las 3 stoppages-étalon de Marcel Dchamp; Throwing Three Balls in the Air to Get a Straight Line (Best of Thirty-Six Attempts) de John Baldessari; y Constant de Sasha Litvintseva y Beny Wagner) para demostrar la tensión entre lo particular y lo universal, lo material y lo ideal, y afirmar que tanto los estándares metrológicos como las imágenes técnicas siempre existen como múltiples variantes de entidades idealizadas.
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			Introduction 

			Photography emerged in the context of the Second Scientific Revolution (Kuhn 1961; 1976) or Humboldtian science (Cannon 1978, 73-110; Dettelbach 1996): around and after 1800, the enthusiasm for precise measurement and mathematization permeated traditional disciplines and gave rise to new ones, extending from the natural sciences into the political, economic and social domains and creating an intellectual and cultural climate imbued with quantification, calculation and standardization. The geometrical or quantifying spirit (Heilbron 1990) relied on various instruments that observed the world, documented it and gathered information about it with mathematical precision and accuracy, and that simultaneously remade that world by intervening and acting upon it by introducing new forms of social and economic forms of organization and regulation or even by making new kinds of things through industrial production based on precision engineering (Hacking 1990, 55-63). Accurate measurement was used to formulate the laws of nature, to manage and control populations and markets, and to mass produce machine tools and the commodities they fabricate. Precision instruments took control of the very small and the very large, surpassing the resolution of human senses and facilitating the establishment of large-scale operations and infrastructures (Wise 1995).

			The English polymath and inventor John Herschel, who made many contributions to the science of photography – his suggestion that the new imaging process be called “photography” is itself a telling example of the concern for precision in nomenclature (Batchen 1993) – considered the human senses to be absolutely vague and inadequate to provide accurate knowledge about nature, since they do not give us direct information for the exact comparison of quantity. “In this emergency we are obliged to have recourse to instrumental aids, that is, to contrivances which shall substitute for the vague impressions of sense the precise one of number and reduce all measurement to counting” (Herschel 1831, 125). This required the establishment of standards of measurement and the design of instruments that would provide consistent data at different times and places: “observations, once made, should remain as records to all mankind, and to all posterity” (Herschel 1831, 125). Individual, idiosyncratic data are useless; measurement requires standardizing devices and procedures that foster extended networks of calibrated observers who can share, combine and compare their results. Precision is a material and social process that gives rise to “material collectives – communities of persons and institutions mutually exchanging the same representations and material representatives for abstract scientific entities” (O’Connell 1993, 130).

			The obvious question was where to find such universally acceptable standards, and the obvious answer was: in nature. “Here we can only call to our assistance the presumed permanence of the great laws of nature, with all experience in its favour, and the strong impression we have of the general composure and steadiness of every thing relating to the gigantic mass we inhabit – ‘the great globe itself’” (Herschel 1831, 126). However, identifying and agreeing on a concrete standard can be quite complicated. For example, Herschel points out the differences between units of linear measure, the French metre (based upon the dimensions of the earth) and the British yard (based upon the length of a seconds pendulum), and finds the British measure more convenient as it has the advantage of being easier to verify. For practical purposes, it would be impossible to derive units of measurement directly from nature through complex and time-consuming experiments every time we needed to measure something, “it is not enough to possess a standard of this abstract kind: a real material measure must be constructed, and exact copies of it taken” (Herschel 1831, 128). In the standardization of measures, there is a crucial distinction between the definition and the realization: the standard (or etalon) is a material object or a technical procedure that embodies the unit, an abstract numerical measure. A highly precise object must be made, which, ideally, would never change, would remain identical under all conditions and could be reproduced in a large number of exact copies.

			Around 1800, two complementary tendencies emerged: to take measures from nature and to make reproducible, identical objects that would embody them. In contrast to traditional, especially “anthropometric measures” (Kula 1986), which corresponded to parts of the human body or expressed some quantity of human labour, the natural units advanced by Enlightenment scientists were (presented as) independent of their creators, made by nature, found in nature and authorized by nature. Natural measures would express the properties of nature, its regularities, laws and even natural constants. “The idea of an abstract fundamental constant – as opposed to a stable measurable property of a physical object, such as the weight of the earth – was not fully articulated until the 19th century” (Hacking 1990, 55). In an 1832 letter to David Brewster, Charles Babbage proposed that all the constants of nature be tabulated in a collaborative encyclopaedia: “I would propose that its title should be The Constants of Nature and of Art. It ought to contain all those facts which can be expressed by numbers in the various sciences and arts” (Babbage 1832a, 334). Such a relocation of measures from the human to the non-human, replacing anthropocentrism for invariant nature, eventually shifted from surveying the globe and swinging pendulums to the micro-world of atoms. According to Herschel, precision measurement revealed that individual atoms of the same kind were, “to all intents and purposes, exactly alike in all their properties. [The atoms possess] the essential characters, at once, of a manufactured article and a subordinate agent” (Herschel 1831, 38). Divine creation took the form of industrial manufacture, manifested in the uniformity of reproducible objects, which furnishes evidence of lawful behaviour and the possibility of ordering and systematizing it. The existence of identical objects is counterintuitive; we rarely encounter things that are exactly alike unless we strive to make them so. Exact, indistinguishable duplicates are supernatural or accidental curiosities; high precision opens up the world of mystery and enchantment: “The passion for mechanical precision which man now pours into science and technics stems originally, if I guess correctly, from the primordial magic of words. Only if the right word were used in the right order did the spell work” (Mumford 1967, 88).

			In its early decades, photography was most often characterized in terms of precision, exactitude and accuracy and fitted well into the quantifying spirit of the age. Photographs were also conceived as images produced by nature without the intervention of cultural conventions, as facts rather than mere representations. The camera was one of a new set of machines and instruments that appeared after 1800: “romantic machines” that, unlike classical machines, “were understood as flexible, active, and inextricably woven into circuits of both living and inanimate elements” (Tresch 2012, xi). International networks of observers required standardized apparatus to collect, share, and combine measurements and images from around the world. Everyday life became increasingly saturated with industrial technologies and often adopted the practices and ideals of (quasi)scientific observation, measurement, and representation as modes of orientation in the modern environment. Various photographic techniques were put to scientific use, and cameras and photographic plates were often thought of as precision instruments or combined with them. More importantly, however, the photographic machine opened up new possibilities of affective and cognitive modelling of social and cultural space based on the commensuration of different entities according to a common visual metric. Like the universal standards of weights and measures, photographs were praised for their precision, naturalness, universality and infinite reproducibility. As with the measurement standards, however, these qualities applied primarily to the normative definition of photography rather than to its actual realizations. This article specifically addresses the distinction between definition and realization, the tension between idealized and material measures as revealed in metrological practices and their critical appropriation in several artistic projects. In doing so, it seeks to broaden and diversify the narratives of the relationship between photography and science, which tend to be framed by the concept of objectivity, in the sense of a quest for knowledge that bears no trace of the knower and is free from human prejudice, skill or judgement. However, “[o]bjectivity is not synonymous with truth or certainty, precision or accuracy” (Daston & Galison 2007, 372); these are distinct epistemic virtues with specific historical trajectories and practices. An objective picture is not always an accurate one, and they can even be at odds with each other.  Precision as an epistemic, aesthetic and moral virtue, distinct from that of objectivity, can offer us a different perspective on the discourses and practices of photography and help us to diversify our understanding of the formation of imaging technologies across scientific, artistic and vernacular domains. 

			1.	Constant

			Let us start with a recent example: Constant (40 min, 2022) is a film by Sasha Litvintseva and Beny Wagner that explores measurement’s social and political histories. Part of the authors’ research and production project Monsters, Measures and Metabolisms featuring a series of films and critical essays, Constant addresses land surveying in Early Modern Europe, the emergence of the metric system during the French Revolution, and the dematerialization of measurement in the contemporary era of Big Science. Its three chapters are rendered in idiosyncratic cinematic forms, combining spherical images made with 360-degree cameras, CG animation, photogrammetry and 3D modeling that conjure up peculiar visual environments. Their character can be described as “patarealistic”: simultaneously excessive and parodic, it pushes the limits of scientific realism just beyond its practical effects. The film, thus, reveals anthropo-eccentric ways of seeing by forcing us to look at images that are not meant to be looked at. They are secondary by-products of measurement processes, contingent techniques of image-making and monstrous media that “demonstrate sets of relations that are otherwise nonvisual” (Litvintseva & Wagner 2021).

			The opening scene occurs at the National Physics Laboratory (the UK’s metrology institute that maintains measurement standards) and challenges the tendency to dematerialize measurement with its underlying rhetoric of precision, universality and public service. Once the practice of measurement becomes embedded in complex advanced methods of Big Science, access to standards and their production becomes difficult, if not impossible: democratizing weights and measures gives way to institutional authoritarianism and secrecy. However, we must be wary of sweeping claims about “dematerialization”, or the shift from measurement standards as unique physical artifacts to measurement standards as procedures, systems and protocols because measurement (and the processes of object and image making that provide it) has always been positioned on a tricky threshold between the material and the immaterial, the concrete and the ideal, the particular and the universal. The myth of the absolute accuracy of measurement standards is too easily taken for granted, typically overlooking the differences between theoretically defined units and their concrete material realizations.

			One such objectified standard, the last surviving metre standard in situ, can still be found in the arcade of the Rue de Vaugirard in Paris, opposite the Luxembourg Palace. In 1796-97, sixteen of them were installed around Paris: marble tablets with the inscription MÈTRE and two metal pieces at the appropriate distance so that anyone could mark their own scale with it. The public display of standards was a common practice throughout history (Lugli 2019); the French Revolution brought about the egalitarian ideal of a unified system of basic physical quantities to replace the thousands of local variations of different units of measurement dependent on the parameters of a particular physical body such as bushels, barrels or feet. As part of the administrative reforms that followed the first Declaration of the Rights of Man and of the Citizen on 26 August 1789, a new, uniform, and fair monetary and measurement system was called for, and the National Assembly entrusted the French Academy of Sciences with the task of drawing it up. So that the new units would not be arbitrary or derived from some privileged standard (such as the pied-de-roi, the King’s foot, who could hardly be present at any calibration or dispute), the basic units were to be based on natural constants and all other units were to be parts or multiples of them in the decimal system.

			The Commission of Weights and Measures, established by decree in 1791, recommended that the length of the standard metre be set at one ten-millionth of the Earth’s quadrant – the distance between the equator and the North Pole. The task of determining the distance of the continental part of this quadrant, namely the meridian running through Paris from Barcelona to Dunkirk, was undertaken by the astronomers Delambre and Méchain (Alder 2002). By making astronomical observations at these endpoints, they determined exactly which part of the quadrant this distance was, calculated the meridian arc of the whole quadrant, taking into account the irregularities of the earth’s surface, divided by ten million, and the metre as we know it was born. Due to the immense difficulties of surveying, also complicated by the political situation, the survey was not completed until seven years later in 1799. In the meantime, the Commission made provisional platinum bars based on earlier measurements. When Delambre and Méchain finally presented their final figure, no new prototype of the metre was made, but the one that came closest in length to the newly established figure was selected from the provisional standards. It was then deposited in the French National Archives as the mètre des Archives (archival metre).

			Although it was soon discovered that the measurements were not entirely accurate and that the archival standard did not meet its definition, this particular platinum bar became the valid standard. When the International Bureau of Weights and Measures was founded in 1875 and a new standard was created (this time a platinum-iridium bar with an X-shaped profile to prevent it from bending, and slightly longer – the metre interval is cut into it), the length of the metre was not “corrected” but rather based on the current state of the archival metre. More precisely, 30 numbered standards were produced: bar no. No. 6, which was closest to the ideal length and was the most accurately made and measured object of its time, was placed as a sacred relic in a special vault in the Pavilion Breteuil in the south-western suburbs of Paris, and the remaining specimens were drawn by number by the delegates present and taken home as national, primary standards to be used for calibrating standards of lesser metrological quality. When new definitions of the metre were introduced – such as the current one, according to which the metre is the length of the path travelled by light in a vacuum during a time interval of 1/299792458 of a second – it was again just another way of defining a specific length, established at the end of the 18th century, a measure embodied in a specific material object, including all its deformations. The present measure is defined as to equal the bar built in the 1870s, which was built to match the bar made during the French Revolution. The standard metre exists only as a metrological, technical and political ideal; in the real, empirical world of physical objects, we encounter only its variations and more or less approximate realizations. In other words, at the heart of universal standards are always historically contingent practices and specific social, political and economic interests. The Constant demonstrates this contingency in the production of measures by highlighting material, human and institutional defects, failures and moments of resistance, when the materialization of measurement becomes a site of friction but also of the emergence of peculiar visual aesthetics.

			2.	Etalon

			Marcel Duchamp picked up on the distinction between the idealized and the materialized during his artistic recess: from November 1913 to May 1914, he worked as a librarian in the Bibliothèque Sainte-Geneviève, only a short walk away from the site of the metre etalon. In the spring of 1912, after a circle of his closest colleagues and friends refused to exhibit The Nude Descending the Staircase at the Salon des Independents, Duchamp took a radical decision: he decided to withdraw from artistic circles, took a course in librarianship at the Sorbonne, and accepted a job as a librarian for the sake of his livelihood and the need to carefully think about the new direction of (his) art. His works of 1913-1915 can be seen as preparatory studies for his monumental allegory of love, The Bride Stripped by Her Bachelors, Even (also known as The Large Glass, 1915-23). As well as working on sketches, models, notations and plans, Duchamp also devoted himself to intensive study of philosophy and science, especially mathematics and physics.

			His employment at the Bibliothèque Sainte-Geneviève gave him the time and access to resources to do so. During this period, Duchamp paid particular attention to Renaissance treatises on perspective, convinced that just as the tradition of modern realism had been established by the close interplay between science and art (linear perspective as a specific way of “projecting” three-dimensional space onto a surface), so it could only be overcome again by an intense intellectualization of art made for the mind rather than for the retina. Simply put, Duchamp was looking for a new geometry to base his work on. Unlike his contemporaries, who were likewise interested in non-Euclidean geometries, Duchamp’s search for the “fourth dimension” definitively separated him from painting. Traditional eye-centred, Euclidean-based optics had been challenged since the early 19th century when a mixture of diverse mathematical, philosophical, mystical and pseudo-scientific interpretations of multidimensional or curved space became the subject of speculation by modern artists (Henderson 1983). The key problem was representing or projecting hyperspace into our perceptual world.

			Duchamp’s work shifted from painting practice to experimental visual thinking; not in the sense of creating new compositions or formats for painting, but more generally to a new way of constructing artefacts and situations. The key work of this period, which Duchamp has repeatedly referred to in retrospect as his most important work because it showed him how to overcome traditional forms of representation, was 3 stoppages-étalon. The work is sometimes dated 1913-1914 but underwent a major transformation in 1936 when it was first exhibited. We know the original form of the work from only one photographic documentation and its modus operandi from a note contained in the 1914 Box, a set of sixteen photographic facsimiles of handwritten notes and one drawing in a glass negative box:

			“The Idea of the Fabrication

			– If a straight horizontal thread one meter long falls from a height of one meter onto a horizontal plane distorting itself as it pleases and creates a new shape of the measure of length.–

			– 3 patterns obtained in more or less similar conditions: considered in their relation to one another they are an approximate reconstitution of the measure of length.

			The 3 standard stoppages are the meter diminished.” (Sanouillet & Peterson 1973, 22)

			In his later notes and in a conversation with Pierre Cabanne, Duchamp emphasized the role of chance in replacing the will and skill of the human hand in this “drawing”, referring to the work as “canned chance” (Cabanne 1971, 47). Allegedly, Duchamp took a metre-long piece of white sewing thread, dropped it lengthwise from a height of one metre onto a Prussian blue-painted canvas measuring approximately 120 x 30 cm, and fixed it with varnish after it fell. All of this was done three times in succession, the number referring to an arbitrary quantity for Duchamp: three attempts defy singularity and unfold into a potentially infinite number of attempts. He affixed a leather label at the bottom of each canvas, with the inscription “3 STOPPAGES ÉTALON, 1913-14” embossed in gold. Its position, perpendicular to the threads, suggests that the paintings were originally intended to be hung vertically.

			In 1936, he removed the canvases from their frames, cut them to a format of 120 x 13.3 cm on the long sides and glued them to glass plates measuring 125.4 x 18.4 cm. He placed them in a wooden cricket box, together with three templates, which he had previously cut from wooden slats according to the curves of the thread, and two straight wooden measuring rods, which defined the experiment’s parameters. While the original arrangement of the canvases suggests a triptych to be hung vertically on the wall, the new arrangement belongs much more to the realm of an experimental set-up, a toolbox or a cabinet aid, a kind of instrumental equipment used to conduct and demonstrate experiments (for a detailed account of the transformation of the work, see Molderings 2010).

			Through the style of the experimental protocol and the aesthetics of calibrated laboratory equipment, Duchamp refers to a fundamental principle of modern science: the replicable experiment (Shapin & Schaffer 1985). Since the late 17th century, science has required that an experiment be repeatable with (ideally) identical or (realistically) sufficiently close results; the research report must describe the conditions of the experiment in detail and use standardized tools and apparatuses so that anyone else can obtain the same results if they follow the same parameters. A scientific fact is established only by its reproducibility – it is therefore not just a datum or a state of affairs, but always simultaneously a form of communication, a universally shared experience. In effect, a scientific fact exists “independently” of the experimenter, hence, its so-called “objectivity” is essentially a product of the standardized and disciplined behaviour of human and non-human elements. The experiment is necessarily repetitive (it must be carried out several times) and excludes authorial subjectivity (the conditions must allow nature to behave “as it pleases”).

			Attempts to reproduce Duchamp’s experiment usually fail: the thread tends to deform much more significantly, producing more chaotic and irregular patterns than Duchamp’s subtle and similar undulations. His data are not easy to replicate; we can only achieve similar results with a much stiffer and heavier thread or a thick, waxed thread by conducting many experiments and then carefully selecting samples similar to the author’s pattern. As Shearer and Gould (1999) showed in their replication of Duchamp’s experiment, the actual artwork shows irregularities despite Duchamp’s convictions. Duchamp did not use threads exactly one metre long, as his instructions require, but several centimetres longer: he threaded the oversized ends through the canvas and glued them to the back of the canvas. This adjustment pretty much rules out the possibility that the lines of the 3 standard stoppages were created as Duchamp described. It seems much more likely that he first passed the thread through the canvas at both ends and fixed it, and only then wound the section on the front of the canvas into the final shape. As the instruction note suggests, the work is fabricated: the word fabrication refers to the skilful manufacture and construction of complex contrivances but also to forgery and deceit.

			3.	Standard

			The idea of fabrication is not easy to materialize: two standards of the same measure are never identical. There is no material etalon. No one has ever seen a straight line. The virtual ideal of a universal measure is always contaminated by technical possibilities, human skill, and the material’s properties, which behave as it pleases. Given Duchamp’s intense interest in the linear perspective Renaissance manuals, it is worth noting that in these works, a taut thread very often represents a ray of light or a straight line. A deformed line, thus, implies a deformed or diminished vision, i.e., one that defies the principles of standard perspective and laws of optics. The canvases onto which Duchamp’s distorted “standards” have fallen are no longer the projection plane of a linear perspective but can rather be understood as the retina of a non-Euclidean observer. The 3 standard stoppages were created by non-visual relations, namely gravity: thus, the great globe itself formed the metre derived from its curved surface, attracting the “ray of light” with its own mass (Molderings 2010).

			Duchamp’s interest in such infinitesimal variations of seemingly identical objects is also evident in his Readymades and photographic works. The term readymade comes from the clothing industry, as it refers to clothing made to standard sizes, as opposed to made-to-measure clothing tailored to a particular person. Readymades are selected from a series of uniform objects based on their minute and generally imperceptible differences. A similar logic of subtle variation is played out in his direct use of photography: the Draught Pistons, for example, were made by hanging a square of black gauze in the draught and taking three photographs of its deformations. Duchamp learned to photograph the different movement phases from Étienne-Jules Marey and his practical and experimental geometry. Marey himself referred to it as the “graphic method” and traced the history of recording devices back to the mid-19th century apparatus of Poncelet and Morin (Marey 1878). It recorded the movement of a falling body by attaching a pencil to an object which, as it fell along a cylinder wrapped in paper, drew a line on it as it passed. The cylinder rotated at a constant speed. When the paper was removed and unrolled, it showed a parabola: with the aid of the apparatus, the falling object itself drew a curve of its acceleration, which would otherwise be impossible to register, let alone measure, with the naked eye. The resulting curve is a cut through non-linear space, visible only thanks to the rotation of the curved surface.

			Marey developed many recording devices and turned to chronophotography when it was not possible to attach a recording device to a moving object (he was also able to visualize the acceleration of a falling body, this time using the chronophotographic method). He soon realized that it could be used not only to record movement but also to create virtual geometric bodies: the moving filament of light was reproduced successively on the photographic (ideally stereoscopic) plate. Marey’s chronophotographic works and accompanying texts emphasize the difference between what is seen and what is photographed, between seeing and visualizing, measuring and modelling. In his research, photography does not play the role of recording a world that we might otherwise see with our own eyes (Snyder 1998).

			The connections between Duchamp’s work and photography have been pointed out many times, from Jean Clair (1977) to Rosalind Krauss. Krauss, in particular, emphasizes the parallels between the Readymades and the snapshot, in terms of the selection and transfer of objects “from the continuum of reality into the fixed condition of the art-image” (Krauss 1985, 206). But her understanding of photography as sub- or pre-symbolic and free of “processes of schematization or symbolic intervention” (Krauss 1985, 203) is patently reductive, especially when considering the context of Duchamp’s work. Krauss seems to neglect that the photographic image is by no means neutral or natural – the apparatus is designed to produce images in accordance with certain conventional ideas about the representation of space. No necessary form of representation follows from the behaviour of light or photochemical reactions. In other words, in the production of photographs, processes of schematization and symbolic intervention are applied in a very fundamental way. The camera embodies the schematism of standard perspective; it is a cultural artefact that models the world according to specific, historically conditioned conventions and norms.

			Duchamp’s treatment of photography (and indexicality) goes in a very different direction: photography, but also technical drawing and readymade industrial products depersonalize artistic work to some degree while at the same time helping to thematize conventions, standards and schemes whether in the form of concepts, working procedures or artefacts and devices in which they are embodied. Duchamp, thus, sets out from a very different understanding of authorship, refusing to equate the artist with a sovereign maker (whose myth only reinforces the traditional distinction between the way paintings and photographs are made). His understanding of the creative act is more probabilistic; it takes place in an experimental space of the possible. We cannot predict the outcome of a single dice roll, only a larger number of them. As Alfred Stieglitz said about taking photographs:

			“The one quality absolutely necessary for success in hand camera work is Patience. This is really the keynote to the whole matter. It is amusing to watch the majority of hand camera workers shooting off a ton of plates helter-skelter, taking their chances as to the ultimate result. Once in a while, these people make a hit, and it is due to this cause that many pictures produced by means of the hand camera have been considered flukes. At the same time it is interesting to note with what regularity certain men seem to be the favorites of chance that it would lead us to conclude that, perhaps, chance is not everything, after all” (Stieglitz 1897).

			4.	Prototype

			In 1973, John Baldessari reversed Duchamp’s experimental gesture and threw a straight line into the air. More precisely, he repeatedly attempted to do so with three orange balls in a 1973 work entitled Throwing Three Balls in the Air to Get a Straight Line (Best of Thirty-Six Attempts). Baldessari’s then-wife Carol Ann Wixom photographed the constellation of balls against a blue sky. The Toselli Gallery in Milan published the work as a set of fourteen offset prints (2 title pages and 12 loose photographs in a box, in a total edition of 2000). Like other artists of his era, Baldessari turned to the vernacular, the amateur snapshot, to the mundane sources of mass culture, as if the world of leisurely clicking revealed much more about the nature of photography than the aesthetics of photographic images cultivated for display in galleries. Baldessari ironically demonstrates the basic conditions of photographic production: the number of thirty-six in the title refers to the standard number of frames on a roll of film. He selects the “best” images, i.e., those that meet his pre-set aesthetic criteria: those in which the spherical bodies in the sky are at least approximately aligned (this ideal intention, however, can only be deduced from the title of the work and from the comparison of the entire series of images). Baldessari obviously failed to create a “straight line” – his best examples are ridiculously out of shape; we can only imagine how desperate the rest were. The question, however, is who is responsible for this failure: hypothetically speaking, Baldessari could have realized his ideal geometric configuration with some of his throws, but we only know the documentation of a few of his attempts.

			By staging complex social situations and, thus, increasing the number of variables (are the constellations formed by the person throwing the balls or by the person photographing them?), Baldessari shifted the act of photography from a Duchampian experiment to a test of human skill. It is worth noting, however, the transformation that the methods of scientific experimentation have undergone since the beginning of the 20th century. Since the end of the Second World War, natural and social sciences have developed modelling and simulation techniques: in a range of fields, including quantum mechanics, weather forecasting, game theory and probability theory, or the development of thermonuclear weapons, proxies and imitations of real processes or systems have been created and subsequently studied using computers. Robin Kelsey (2015) situates the apparent playfulness and mischievousness of Baldessari’s projects in the context of the development of the computer, gaming and military industries.  The throwing of the three balls can thus be understood as a method of probabilistic simulation that can reveal much about the nature of photography in relation to the behaviour of the photographer or the photographed while avoiding traditional ideological, aesthetic and professional biases.

			Let us take a closer look at one such assumption: the deeply historically embedded ideal of the factual, accurate or veridical photograph. In 1855, Roger Fenton took the famous Crimean War photograph, The Valley of the Shadow of Death. It depicts a field road littered with artillery shells and has been the subject of much debate for a curious reason: Fenton captured two different versions of the scene. This seems unacceptable to our understanding of an authentic and precise document. As, for example, Susan Sontag noted:

			“Not surprisingly, many of the canonical images of early war photography turn out to have been staged, or to have had their subjects tampered with. After reaching the much-shelled valley approaching Sebastopol in his horse-drawn darkroom, Fenton made two exposures from the same tripod position: in the first version of the celebrated photograph […] the cannonballs are thick on the ground to the left of the road, but before taking the second picture – the one that is always reproduced – he oversaw the scattering of cannonballs on the road itself” (Sontag 2003, 53-54).

			The existence of two photographs, or the difference between them, leads Sontag to conclude that one of them must have been staged (based on the claims of some photography historians who consider the shot with the cannonballs on the road to be more aesthetic and dramatic, and therefore consider the scene to be a deliberate creation of Fenton). The filmmaker Errol Morris (2011) challenged such reasoning, both the question of the temporal sequence of the images and the question of their manipulation. From considering alternative reasons for the movement of the cannonballs to forensic analysis of the images and even a trip to Crimea to track down the specific location from which the photographs were taken, Morris pursues his distinctive interest in epistemological concerns to contest our compulsive need to assign a singular intention to each image and to decide which one is authentic and legitimate. 

			Conclusion

			In a world dominated by mechanical precision, the existence of variability is disturbing and is dismissed as an error, a deficiency or a defect. One of the most intense consequences of the Second Scientific Revolution and the modern technoscientific worldview is the replacement of a world liable to vary and change with one in which consistency, uniformity and repetitive identity predominate, even if only as a tacit background, from which we often tend to escape. The standardization imposed by various techniques of instrumentation, from surveying to photography, was driven, on the one hand, by liberatory ideals of accessibility and universality and, on the other, by the extension of control over natural and social territories in centralized bureaucratic states. Mechanical reproduction is the main technique of maintaining identity through multiplication and dissemination:

			“Nothing is more remarkable, and yet less unexpected, than the perfect identity of things manufactured by the same tool. […] The same identity pervades all the arts of printing; the impressions from the same block, or the same copper-plate, have a similarity which no labour could produce by hand. The minutest traces are transferred to all the impressions, and no omission can arise from the inattention or unskilfulness of the operator. The steel punch, with which the card wadding for a fowling-piece is cut, if it once perform its office with accuracy, constantly reproduces the same exact circle” (Babbage 1832b, 48).

			The fascination with precision in the first half of the 19th century, culminating in the development of metrology, conjured up a myth of absolute accuracy and established the tradition of thinking of copies in terms of identity and sameness. Material practices and processes of mechanical reproduction, however, rarely satisfied this ideal and struggled with various forms of friction, obstruction and interference. The realization of standards required, as it does today, the choice of particular materials and procedures. If the metre is the length of the path travelled by light in a vacuum during a time interval of 1/299792458 of a second, one of the first things to be determined is the second, “defined as the duration of exactly 9,192,631,770 periods of the radiation corresponding to a hyperfine transition of cesium-133 in the ground state. This definition pertains to an unperturbed cesium atom at a temperature of absolute zero. Being an idealized description of a kind of atomic system, no actual cesium atom ever satisfies this definition” (Tal 2011, 1086–1087). In other words, the standards are idealized models that have multiple concrete realizations that are only approximate but never exact. 

			This does not mean that standardized material things are simply inaccurate and flawed. They are better described as anexact. In his commentary on Edmund Husserl’s Origin of Geometry, Jacques Derrida draws attention to an intermediate realm that lies between geometrical abstractions and concrete material objects and their circumstantial instances. It is the realm of the land surveyor or protogeometer, who “always already had at his disposal anexact spatiotemporal shapes and essentially ‘vague’ morphological types” (Derrida 1989, 123). These vague morphological types (such as roundness, as opposed to the abstract circle of geometry, or round things like a coin or a wheel) are obtained by differential variation, without smoothing out the differences between multiple instantiations or tokens of the same type. “These essences are distinct from sensible things, as well as from ideal, royal, or imperial essences. Protogeometry, the science dealing with them, is itself vague, in the etymological sense of ‘vagabond’: it is […] anexact yet rigorous” (Deleuze & Guattari 1987, 367). I would propose to understand photography or, more precisely, photographic practice as such a vague and anexact protogeometrical science since it always works through variations to provide a certain degree of essentialisation of its subjects (manifested above all in its predilection for typologies and stereotypes). After all, every photograph “almost always comprises a number of different versions of itself” (Batchen 2018, 6) and only exists as a multiplicity of physical manifestations, as a cluster, aggregate or series of images.
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