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SCIENCE’S CINEMATIC METHOD
MOTION PICTURES AND SCIENTIFIC RESEARCH

Time would flee, I subdue it.
—CHARLES CROS (1877)'

n the early 1890s, after Etienne-Jules Marey’s successes with chro-

I nophotography ensured the continued viability of his “graphic
method” of recording motion,” two German physiologists, Wil-

helm Braune and Otto Fischer, set out to improve upon Marey’s techniques
for the study of human locomotion. No mere dilettantes, Braune and Fischer
were already well known in their field for studies of the human center of
gravity and other investigations into the fundamentals of human motion.
From 1889 to 1904 they published a series of studies of human locomotion,
culminating in their landmark work, Der Gang des Menschen (The Human
Gait).? In their Leipzig laboratory, they dressed their experimental subject, a
military recruit, in a black jersey and attached to him an elaborate mechani-
cal scaffolding of incandescent tubes designed to illuminate his stride with
short, intensely bright bursts of light (fig. 1.1). They then photographed the
subject as he walked, as comfortably as could be expected, across the dark-
ened room. As he walked, the tubes fired, producing a strobe effect that was
recorded through the camera’s open shutter. The resulting image—a series
of white lines across a black background—became the basis for hundreds
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of calculations concerning the specific mechanics of human motion
(fig. 1.4). Interested in the economy of the laboring body—its most effi-
cient conservation and expenditure of energy—they hoped their scientific
analysis of human movement would lead eventually to a more efficient and
productive society (or, at least, a more efficient soldier). Likewise, their
improvements over Marey’s system of photographic measurement led to
a much more analyzable and therefore “productive” chronophotographic
image. After Braune and Fischer, photographs became even more efficient
and productive tools of scientific research.

In Marburg in 1907, a young physicist named Max Seddig presented
his dissertation on “Measurement of the Temperature Dependency of
Brownian Motion.”* In an attempt to clarify the arguments for and against
the atomic—kinetic model of heat, while also trying to provide experi-
mental confirmation of Albert Einstein’s theories of Brownian motion,
Seddig fashioned a device that could record chronophotographic images of
microscopic particles affected by molecular activity. Seddig’s microscope—
cinematograph combination supplied an objective record of Brownian
motion from which he could calculate the velocity of these particles. Yet
it was not the objective record that Seddig emphasized and praised but the
machine’s ability to measure time intervals precisely. Alternatively, Heidel-
berg biologist Hermann Braus presented in 1911 the results of his appli-
cation of a similar microscope—cinematograph combination to record and
explore the growth of a tissue culture of a frog’s heart.’ Using time-lapse
cinematography, Braus sought to demonstrate that the culture actually grew
rather than merely survived outside the organism. Unlike Seddig, he was
not so concerned with measurement but with the temporal record of the
event. With his motion picture record Braus was able to challenge compet-
ing claims about the growth of nerve cells.

These three cases—from human motion studies, physics, and biology,
respectively—represent a fair sampling of the scientific use of film for
research purposes in Germany before 1914. From these case studies we can
draw some preliminary conclusions about the practical and philosophical
connections between film and science. We might also be tempted, of course,
to make general theoretical claims about the nature of cinema’s relationship
to modern science and temporality.® But if we are to understand film’s role
in modern scientific inquiry, we must temper expansive claims with more
historically localized analyses of how film technology was actually used.”
What “film” meant to any given scientist depended very little on a theoreti-

cal conception of cinema in general; instead it depended primarily on how
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some specific incarnations of motion picture technology could be applied
to the specific and historically contingent problems the scientist faced in his
or her discipline. Hence any study of scientific research films must incor-
porate methods common to both the history of science and film history by
investigating the manner in which research questions and media technology
mutually influenced each other. What questions does a given discipline priv-
ilege at a given time? How do those questions shape—indeed, how are they
shaped by—experimental design and available instruments? The appropria-
tion of motion picture technology as a scientific research tool, its specific
use within the laboratory, reveals the researcher’s assumptions about that
which the camera is designed to capture. And these assumptions vary as
widely as the different uses of film. But rather than making broad claims
about what “science” or “cinema” is, thereby concealing this variety under
top-down theoretical categories, we should let individual experiments
reveal their assumptions and make our generalizations from those, if neces-
sary. Design and deployment are themselves implicit theoretical statements.

If the cinematograph were an especially flexible tool that could be
adapted to a number of different needs, these needs existed in the first place
because of changes in the sciences themselves at the turn of the century. Biol-
ogists interested in cell development, for example, searched for new modes
of visualization that would allow researchers a clear view of movement in
time to resolve some heated disputes about the nature of cell growth; the
techniques of tissue culture, on one hand, and those of motion pictures, on
the other, offered two kinds of solutions, as we shall see. Physicists, too,
looked to cinematography as a tool for investigating previously invisible
phenomena, such as the effects of molecular movement, a topic of debates
about the behavior of atomic phenomena. Seddig’s use of chronophotog-
raphy and motion pictures reflects a common application of this technol-
ogy in scientific research; while scientists admired cinematography’s ability
to capture fleeting phenomena, they prized most highly film’s ability to
decompose the event into discrete, regular units, which permitted measure-
ment of its temporal and spatial components. Indeed, this particular use
of motion picture technology, especially in the physical sciences, betrays an
assumption about the event or phenomenon under study as itself discrete,
divisible, determined by classical laws, regular, and—just like the filmstrip—
reversible. Seddig’s use of motion pictures therefore demonstrates at once
the value of film for scientific research and his (and Einstein’s) commitment
to a particular understanding of the relationships between movement, time,
and space—an understanding that French philosopher Henri Bergson was
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criticizing at precisely this moment in Creative Evolution, his 1907 land-
mark study of the philosophy of biology. In short, as scientific disciplines
reconceptualized the nature of matter, time, space, and the organism, they
seized upon tools that could visualize these phenomena in accordance with
these new concepts.

But film has never been just a convenient device, patiently waiting on
the shelf as the scientist thinks up a new use for it as a solution to a new
problem. Its availability and its existence also generated questions. Investi-
gators’ interest in temporal phenomena was in part spurred by the arrival of
a machine that could make the phenomena amenable for analysis. Further-
more, those scientific research programs that featured film technology were
not only shaped by that technology, but their scientific method itself had
certain features in common with the filmic apparatus. Scientific experiment
shares with motion pictures an impulse to record immediately and directly,
a willingness to manipulate time, and an inclination to isolate and quan-
tify phenomena.® There are good practical reasons for using motion picture
technology, of course. But in the late nineteenth century there developed
also a philosophical affinity between science and film that went beyond
mere convenience. Cinema and science have come to share a certain way
of thinking, so the history of the application of motion pictures in science
can offer us a valuable opportunity to explore the relationship between sci-
ence and modernity. Bergson was the first to suggest that science, through
its parsing of continuous movement into discontinuous moments, proceeds
in a way analogous to cinematography. If we are to understand fully the
implications of the appropriation of motion picture technology by the sci-
entific community, we must maintain a balance between the theoretical and
the practical by considering this philosophical affinity alongside the way
investigators put film to work in the laboratory. Bergson’s conception of
science as inherently “cinematic” offers us a logical point of departure for
such considerations. True enough, Bergson was not as popular in Germany
as he was in France and the United States. But because [ am interested in his
thoughts on cinema and science in general—and not in his thoughts (if any)
on particular applications in Germany or elsewhere—his historical impact
on German culture is actually not relevant to my approach. Bergson’s theo-
retical framework can help us answer the question “What did cinema and
science see in each other at this particular moment?” The individual case
studies can reveal how film was used; reading Bergson alongside these cases
can help to reveal why film was used. This chapter, then, will survey the use

of motion pictures in the three case studies mentioned above.
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Let me first reiterate the role of this chapter in the book’s overall goals. As
I mentioned in the introduction, the larger argument (the “general theory,”
if  may) concerns the correspondence and mutual accommodation between
the logic of a discipline—its problem-solving patterns, its investigatory
methods, its ideological assumptions—and film’s formal characteristics.
This implies not just taking advantage of a medium-specific formal feature,
such as temporal malleability (for example, time-lapse cinematography), to
solve a representational problem, it also implies a functional or productive
homology between this formal feature (for example, the linear regularity of
time-lapse recording as a statistical sample of a larger unit of time) and a
way of solving problems (the primacy of mathematics, for example) or of
viewing the world (as naturally divisible into equal, regular units, for exam-
ple). This match—Dbetween the formal features of the representational tech-
nology and the investigatory presumptions—matters, because it provides
the researcher, community, or discipline with the reassuring sense that the
tool will fit the task to which it is assigned. However, we must note that the
match is ideally never perfect; otherwise there would be no new informa-
tion. Experimental systems are designed to generate new questions, so there
should be a dislocation or displacement between the more or less ideologi-
cal assurance of this tool’s “worldview,” so to speak, and the strangeness of
the view it provides.’ Time-lapse cinematography can, for example, confirm
an understanding of nature as regular and divisible, but it also offers a sur-
prising, even thrilling new image that prompts new questions. The larger
argument of this book is that the acceptance of any new (media) technol-
ogy depends in part on this correspondence between some set of its formal
features and the logic of the discipline. The specific argument (the “special
theory”) is that expert vision expresses this disciplinary logic especially well
and that film’s legitimacy within disciplines depended on its accommoda-
tion to expert modes of viewing,.

But expert viewing is not the only way that disciplinary logic is expressed;
the experimental system itself is also a manifestation of the discipline’s
problem-solving patterns and theoretical presumptions. As Gaston Bach-
elard and others have argued, instruments are “theories materialized”: the
design and deployment of experimental technology carries a preconception
or preunderstanding of the phenomenon it is designed to isolate.'” If we
extend this system to include chronophotography or motion picture tech-
nology, we can see how the work of accommodating their formal features
already made a statement about the relationship between the system and
the object of study. Indeed, the work of creating a legible image—that is,
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understandable and acceptable to the discipline—reveals this relationship
between system and object quite clearly. Likewise, the theory guiding the
experimental observations is an expression of disciplinary logic. If instru-
ments are theories materialized, then, as Hans-Jorg Rheinberger has noted,
theories are also “machines idealized.”" Einstein’s theory of Brownian
motion, for example, made several “shortcuts”—including the presump-
tion of molecular two-dimensionality and velocity without direction, as
we shall see—to manage the object mathematically and accommodate the
phenomenon to both experimental confirmation and a particular disci-
plinary understanding of nature. Einstein’s mathematics, in other words,
simultaneously became an “instrument” to guide observation and a theo-
retical rendering of the experimental situation. To offer one more example,
disciplinary logic can be expressed through the experimental system’s rep-
resentational options. Film is only one part of an experimental system, of
course, and only one in a range of representational tools that includes writ-
ings, sketches, graphs, and photographs. Selecting film as part of this media
ensemble already implied a certain set of questions or needs. Hermann
Braus, for example, found that using film was an especially powerful means
of engendering belief among colleagues, while at the same time expressing,
through its formal features (such as the duration of the projected image and
its temporally forward motion) theoretical presumptions about cell growth.
In this case, film and the new technology of tissue culture—also a represen-
tational tool—combined to express a new direction in the discipline’s visual
needs and strategies.

So the correspondence and accommodation between experimental sys-
tem or discipline and technology can happen in several ways, depending on
the researcher’s or discipline’s goals and needs, which are locally and his-
torically determined. This chapter will explore the “general theory” rather
than the “special theory” of media technology’s disciplinary legitimacy.
Specifically, this chapter will focus on three ways in which experimental sys-
tems incorporated chronophotographic or motion picture technology, espe-
cially on the correspondence and mutual accommodation between a given
set of formal characteristics (of photography and/or film) and (1) an object
of study, (2) a theory, and (3) the representational options of an experi-
mental system and discipline. Or, to put it another way, each of these three
adaptations required a certain kind and amount of work to make the chro-
nophotographic or filmic image into evidence. A close analysis of Braune
and Fischer’s method will show how they created evidence in relation to
their object of study (in this case, the human body). The discussion of
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Seddig’s experiment stresses the creation of evidence in relation to a theory
(Einstein’s theory of Brownian motion). And the section on Braus empha-
sizes the creation of evidence in relation to a set of representational options
within a discipline (here, cell biology). Each example deals to some extent
with all three adaptations, of course, because they are intertwined, but the
emphasis changes. In general, I will demonstrate that while the scientific
community readily accepted chronophotography and film as valid instru-
ments, investigators still had to perform considerable labor to adapt these
devices to their tasks and to transform the resulting images into acceptable
scientific evidence. Motion pictures may have allowed scientists to manage
time and movement, but researchers first needed to manage film’s temporal
rush and excessive detail. The nature of this work was shaped by its histori-
cal context. The subject of this chapter is therefore the way that investiga-
tors were continuously obliged to adapt as they juggled chronophotographic
or motion picture technology, the needs of the individual experiment, the
theories shaping the experiment, and the discipline’s priorities shaping the
representational choices.

While observation is not an explicit focus of this chapter, it is inescap-
able. Braune and Fischer decomposed movement to train expert vision to
phenomena that it might not see or have been able to see. Einstein’s theory
of Brownian motion focused experimenters’ attention, showing them what
to look for. For Braus, film was an observational tool that forced research-
ers to abandon previous theories and modes of analysis (which emphasized
discontinuity) for an approach that emphasized synthesis and continuity.
These case studies demonstrate that, as [an Hacking has noted, experiment
and observation are only heuristically separable.!? Nevertheless, this chap-
ter emphasizes other ways, besides observation, that disciplines accommo-
dated the formal features of film and chronophotography. Expert vision is
the explicit focus of the following chapters.

The chapter has five sections. It starts with a general overview of sci-
entific research films (as opposed to popular science films) before World
War I, in which I outline various prominent applications as well as some
hypotheses about how motion pictures fit with the rhetorical goals of sci-
entific enterprise. (A majority of scientific applications of film during the
early period were devoted to various medical fields, which I will explore
separately in chapter 2.) The next section continues to explore why motion
picture technology was intriguing to researchers; it focuses on Bergson’s
discussion in Creative Evolution of the relationship between cinema and
science. In the third section, I place Braune and Fischer’s work on human
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locomotion in the context of both social modernity and the science of work.
This section contains a detailed explication of Braune and Fischer’s method
to show exactly how the merging of apparatus, image, and object actually
occurs. The fourth section relates Seddig’s work to the general problems
of atomistic physics at the turn of the century. In the fifth section, I sketch
Braus’s cinematic contribution within the context of fin de siecle changes
in the discipline of cell biology. The concluding paragraphs of this chapter
compare the different cases directly to emphasize the mutual dependence

between motion picture technology and emerging scientific agendas.

EARLY SCIENTIFIC FILMMAKING: AN OVERVIEW

Scientists from a wide variety of disciplines—including but not limited to
botany, military engineering, meteorology, neurology, psychology, and med-
icine, as well as the three already mentioned—were among the earliest users
of motion picture technology.!> Most histories of research films start with
Jules Janssen, Eadweard Muybridge, and Etienne-Jules Marey, who were
important transitional figures between scientific photography and motion
pictures." The initial adoption of moving images was relatively smooth
because so much work had already gone into creating scientifically valid
photographic images during the middle decades of the nineteenth century.
The slow process by which still photography had been standardized—
setting norms for emulsions, exposure times, preparation techniques, image
interpretation, and so on—meant that the enthusiasm for photography
often collided with rapidly evolving disciplinary requirements for scientific
documentation. As Jennifer Tucker and others have shown, photography
was not immediately and unconditionally accepted as a completely objec-
tive and scientific record.” Photography’s evidentiary status depended on
its ability to meet several criteria of production and reception. Photographs
had to withstand cross-examination by experts from any discipline to which
they wished to testify; they were as subject to expert judgment as drawings
or other illustrations.!® In Germany, for example, microphotographs were
not generally accepted as proper evidence by the scientific community until
respected bacteriologist Robert Koch’s innovations and rhetorical efforts
made “reading” photographs of bacteria a truly collective activity among
an international group of scientists and physicians.!” Yet by the 1890s,
the protocols for generating acceptable scientific photographs had been
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established in most disciplines, so the innovation of motion pictures was
greeted enthusiastically, their way smoothed by Marey’s renowned chrono-
photographs and graphic inscription methods.'

Marey is indeed the most important figure in any history of early scien-
tific film, because his efforts and resources shaped the application of motion
pictures to scientific experiment. Marey was intrigued by Muybridge’s
serial photography when he first encountered it in 1881 but ultimately dis-
appointed in its scientific value: Muybridge’s 24-camera, trip-wire method
of recording was prone to mechanical inaccuracy and incapable of manag-
ing the exact time intervals required for careful research. So at the College
de France in the 1880s and 1890s Marey explored photographic and chro-
nophotographic methods for visualizations of movement that accounted
for distances and times more precisely. The Institut Marey was founded in
1907 to carry on his work; researchers such as Lucien Bull, Pierre Nogues,
and Joachim-Léon Carvallo continued to explore the relationship between
experiment and visualization, especially in the areas of slow and high-
speed cinematography and X-ray cinematography. Marey’s assistant at the
College de France, Charles Emile Francois-Franck, continued his work on
microcinematography in particular; collaborating with Lucienne Chev-
roton, Fred Vles, and others, Francois-Franck published widely on the
chronophotographic and cinematographic recording of microscopic and
macroscopic movement. These two sites were also magnets for individual
researchers searching for novel ways to make visible their objects of study;
French biologist Antoine Pizon and Swiss biologist Julius Ries both worked
with the team at the Institut Marey to capture visually the process of cell
division, for example, while Francois-Franck helped French physicist Victor
Henri with his research into Brownian motion (I will have more to say about
all of these examples later in the chapter).

Whether scientific cinema grew out of team efforts focusing on new visu-
alization techniques or out of the work of individual researchers focused
on experimental problems that motion pictures might solve, both models
had one thing in common: the need for resources. Needless to say, the early
motion picture apparatus was expensive, often cumbersome, and usu-
ally difficult to adapt. Its use in scientific circles, therefore, was generally
restricted to established researchers who had the necessary financial and
technical resources at their disposal. Indeed, the distribution of resources
largely dictated the spread of motion picture technology in the laboratory.
Thanks to Marey’s considerable political and scientific skill, France could

boast at least two sites with the necessary budget and expertise to pursue
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such a program. Germany also had a university research infrastructure in
place that allowed individual researchers to explore the use of motion pic-
ture technology, but no single site dominated.” Aside from the many medi-
cal applications, which we will examine closely in the next chapter, we can
count botanist Wilhelm Pfeffer’s time-lapse chronophotography of plant
growth at Leipzig University and Carl Cranz’s high-speed studies of bal-
listics at the military academy in Berlin-Charlottenburg as notable intersec-
tions of science and film at the university level.

Research film also received a boost from manufacturers who recognized
that lending their equipment and funds provided not only a measure of
legitimacy and good press but entertainment for movie-going audiences as
well. Pathé Fréres, for example, funded the filmmaking of microcinematog-
rapher Jean Comandon and then distributed his films to theaters around
the world.?! Occasionally a German manufacturer would lend a hand to
researchers; film pioneer Oskar Messter, for example, had pretensions in
this arena, and companies such as Ernemann were sometimes acknowl-
edged as technical patrons.”” But even researchers who purchased the basic
apparatus from a manufacturer such as Lumiere or Ernemann were still
obliged to make modifications to the equipment in their own laboratory
setting. Carl Zeiss’s optical laboratory in Jena, for example, seems to have
been especially suited to this kind of work. Generally speaking, despite the
involvement of some film manufacturers, these films were usually made by
specialists to be shown to other specialists at scientific conferences or in the
lecture hall.

This is not to say, however, that scientific films were limited exclusively to
an elite audience. Scientific titles were often part of the program at the local
movie theater. Companies such as Pathé, Gaumont, and Eclair in France or
Urban in England, especially, produced their own series of scientific films
for general audiences.”” German audiences would have been familiar with
this genre from the titles imported by these companies. (Foreign manufac-
turers generally dominated the German exhibition market until the 1910s.)
In addition, the German periodical Film und Lichtbild (a German Popular
Science for film enthusiasts) acted as something of a clearinghouse and ad
hoc distribution company by publishing lists of scientific films and offering
discounts to its readers.** There were also dedicated screenings occasion-
ally,” as well as theaters devoted to the genre, such as the Fata Morgana the-
ater in Dresden, which opened in August 1912 and showed only scientific,

industrial, and nonfiction films.?
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But what of the research films of a Seddig or a Braus? Did they ever find
their way to the public? It is very difficult to say without a complete survey
and correlation of all films made in the laboratory with those screened in
public or semipublic venues—a task that is likely impossible to complete.
There are good reasons for both possible answers, yes and no. On one hand,
these films were the result of considerable expense and effort, so investiga-
tors might have been reluctant to give them up for duplication.” (Coman-
don and others like him were exceptions, because they made legitimate
research films for hire.) Also, some scientists might have hesitated to cross
the line between serious research and its popularization. Motion pictures
already had acquired the yellow tinge of mass culture, so some investigators
were probably reluctant to have their work completely jaundiced by a mati-
nee showing at the local nickelodeon. Not that the scientific application of
motion pictures encountered serious objection; while film histories often
repeat legends of academic hostility to researchers using motion pictures
in their experiments (usually limited to French medical films and the Doyen
controversy, described in chapter 2), evidence of such protests is actually
rare in comparison with the general enthusiasm displayed for the new tech-
nology. On the other hand, research films were the topic of a considerable
number of screenings and discussions, and teachers, reformers, and even
scientists encouraged these ventures into the popular realm as important
efforts at public outreach.?® Furthermore, there were already a number of
screenings of these films in the semipublic realm of the university lecture,
so it would not have been too much of a leap to take the next step.”” And
as manufacturers such as Messter and Ernemann lent their equipment and
expertise to researchers, they may have asked for copies of the films, which
might have been made available for rental in the manufacturer’s catalog.*
It seems that the public screening of any given laboratory film depended on
the resources and predilections of the individual researcher or the manu-
facturer; I have not yet found a consistent conduit in Germany between the
scientific laboratory and the movie theater.

By and large, then, these films served primarily as a form of scientific
evidence. Despite its mass culture connotations, its high cost, the high level
of technical expertise required, and the often futile results, motion picture
technology offered several tempting benefits to the researcher. Like still
photography, the motion picture camera provided a mechanical, automatic,
hence “objective” record, thereby adding substantial evidentiary weight to

scientific claims.’! The photographic image, like other graphic inscription
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devices (such as the electrocardiograph), seemed to provide researchers with
an unmediated and permanent record of any given phenomenon, one that
could be stored and disseminated with ease. And because it could be pro-
jected and reproduced, the photographic image proved useful for demon-
strations as well as experiments; indeed, a motion picture projector was just
as likely to be found in a lecture hall as in a laboratory.*

Unlike still photography, however, the motion picture had the capacity
to record events as they occurred over time. This singular feature offered
several advantages. The camera itself could act as a mechanical, indefati-
gable prosthesis of the scientist’s eye, a tireless observer of events that was
able to catch the slightest change without the interruption of a blink. Fur-
thermore, motion pictures offered the scientist the option of manipulating
time by recording (or projecting) the film at different speeds. Slow-moving
events could be sped up with time-lapse techniques; fast-moving phenom-
ena could be slowed down through high-speed cinematography. As a result,
temporal events invisible to our ordinary perception became “visible”; film
became a kind of temporal microscope or telescope, bringing nature’s
aloof wonders closer to our level. Finally, as implied above, the motion
picture camera could also act as a precise measuring tool. By controlling
the rate at which the film passed through the camera as the phenomenon
traveled a set distance, the scientist could then calculate the speed of the
recorded movement. This ability was by far the most intriguing aspect of
cinema’s scientific potential, and researchers spent considerable energy
perfecting it.

Motion picture technology, then, was an especially flexible tool that
could be adapted to a number of different tasks. In this respect, however,
it is no different than any number of technical innovations adapted for sci-
entific use, from perspective drawing to the computer. Successful adapta-
tion depends on a variety of circumstances, but as sociologist of science
Bruno Latour has argued, the most salient predictor of which technologies
the scientific community will adopt is the extent to which the adoption will
aid the community in rhetorical struggles. Latour maintains that technolo-
gies that serve as inscription devices, or “writing and imaging procedures,”
function rhetorically in debates between authors and groups as tools that
help “in the mustering, the presentation, the increase, the effective align-
ment, or ensuring the fidelity of new allies.” Struggles between scientists
are the same as those between generals and politicians, Latour argues; those
with the most allies win. Therefore, the essential characteristics of any

inscription device—the qualities that will ensure its success in the scientific
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arena—have less to do with its ability to provide accurate inscription (visu-
alization, writing) per se than whether those properties can be put to use in

rhetorical struggles. Latour explains:

In other words, it is not perception which is at stake in this problem of
visualization and cognition. New inscriptions, and new ways of perceiving
them, are the results of something deeper. If you wish to go out of your
way and come back heavily equipped so as to force others to go out of their
ways, the main problem to solve is that of mobilization. You have to go and
to come back with the “things” if your moves are not to be wasted. But
the “things” have to be able to withstand the return trip without withering
away. Further requirements: the “things” you gathered and displaced have
to be presentable all at once to those you want to convince and who did not
go there. In sum, you have to invent objects which have the properties of
being mobile but also immutable, presentable, readable, and combinable

with one another.?*

Motion picture technology had all of the qualities of this sort of immu-
table mobile, a good indicator of its success as a scientific instrument.
The instrument itself was mobile, but more importantly, so were the films.
“Immutability,” in Latour’s sense, refers to the permanency of both the
inscription process and the object or condition represented. Simply, the
inscription must be relatively permanent, as films were, while providing a
translation without any seeming corruption of the thing represented. The
photographic image’s necessary physical connection (via light and chemical
processes) to the object represented served to guarantee that the object was
relatively uncorrupted by the recording process. The films were meant to be
projected, so they were of course presentable, but because they were also
photographs, they could be presented in a wide variety of ways, as illustra-
tions in journal articles or as lecture slides, for example. In this way, the
films could also be combined with other technologies, such as print technol-
ogy, but the apparatus itself could be combined with others as well, such
as the microscope. The “readability” or legibility of the technology is the
most contentious aspect of any innovation, because the interpretation of
new forms of inscription always requires negotiation within a discipline.
Experts and innovators haggle over the meaning of signs until standards of
production and protocols of interpretation emerge.* Generally speaking,
however, motion pictures, like photography before them, were considered

very legible for scientific purposes.
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