
chapter 1

introduction

Dwell, for a moment, on a tenth of a second. What do we know about this 
short period of time? What do we know about its history? Since yesterday, 
hundreds of thousands of tenths of a second have gone by. A year comprises 
hundreds of millions of these moments. How can we possibly begin to tell  
their history? Luckily, traces of it already exist. Many areas of science and 
culture have been concerned with the tenth of a second, and these accounts 
offer us a glimpse, albeit an oblique one, into its history.

References to the tenth of a second appeared in two main areas. The 
first area was predominantly scientific and technological. Starting in the 
mid-nineteenth century scientists associated this value with the speed 
of thought. This relation led them to perform reaction time experiments 
that increasingly defined the field of psychology.1  Analyzing moments of 
the order of the tenth of a second was also central to the study of measure-
ment errors and to the development of numerous instruments devised to  

1. The relation between the tenth of a second, reaction time and the speed of thought, although con-
troversial, is still widely held: “Reaction times on elementary cognitive tasks that require no conscious 
thought, such as responding to a lighted button, show a significant correlation with IQ scores.” Charles 
Murray, “Afterword,” in The Bell Curve: Intelligence and Class Structure in American Life (New York: Simon 
& Schuster, 1996), 561. 
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eliminate them. Entire disciplines, ranging from astronomy to physics, 
were profoundly affected by errors of this magnitude. Some of the most 
important measurement practices and techniques in science—from the 
straight lines used to divide rulers to cinematographic machines—were de-
signed to cope with them. The second area was more broadly philosophical: 
references to this short period of time were part of a general inquiry into 
time, temporal development, and sensory experience. By extending these 
investigations, we can begin to use the tenth of a second as a way to rethink 
much longer historical periods.

The first concern was practical, and to study its history we must delve  
into secluded laboratory spaces, technical scientific texts, and into the mi-
nute details of one of the most mundane of scientific practices: measuring. 
The second concern with the tenth of a second was speculative, reflective, 
and open-ended. Its central purpose was to think about these moments in 
relation to science, technology, and modern culture. The first was narrow, 
the second broad. The first (scientific and technological) can be dated with 
precision: a concern with the tenth of a second in science intensified dur-
ing the mid-nineteenth century and waned significantly by the beginning 
decades of the twentieth. The second one (philosophical), less so, since it 
continues to appear today. Both had repercussions for general culture, af-
fecting areas beyond science and philosophy and encompassing the arts, 
industry, and media.

By studying the tenth of a second through these two complementary per-
spectives, this book reveals some of the key characteristics of the modern 
era and illuminates the work of some of the most important scientists and 
philosophers of modern times. It also offers a way to productively extend 
their work in new directions.

The Specificity of This Moment

The tenth of a second is, of course, not the only time interval of interest to 
scientists, and certainly not the shortest. In fact, since the early nineteenth 
century scientists had been able to measure, depict, and (later) photograph 
much shorter periods of time. Lensless microscopic technologies pioneered 
by Ernst Chladni revealed infinitely small vibrations in the complex pat-
terns left by fine sand on vibrating plates. Similar experiments used moving 
mirrors to study the even smaller vibrations of tuning forks. Chronoscopes, 
chronographs, and myographs measured time in much smaller units, well 
into thousandths of a second. Photographers, first among them Henry Fox 
Talbot, recorded shorter periods of time by illuminating fast events with 
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electric sparks. Others used multiple cameras, multiple lenses, or natu-
rally intense sources of illumination. Late nineteenth- and early twentieth- 
century bullet, splash, and solar photography frequently went far beyond 
tenth-of-a-second limits. When photographic exposure time was further re-
duced at the end of the nineteenth century, even common subjects, includ-
ing horses and birds, were captured in much smaller time periods. In 1878 
Eadweard Muybridge famously photographed running horses galloping in 
a manner never seen before, seizing them in a 1/500th of a second by using 
multiple cameras. In 1882, single-lens photographs made by the French 
physiologist Étienne Jules Marey surpassed this limit. By 1918, Lucien Bull, 
the last assistant to Marey, was able to photograph fifty thousand images in 
one second. In the 1930s, Harold Edgerton’s stroboscopic images produced 
at MIT captured images in the span of a 1/3,000th of a second. Today, mil-
lions of frames per second can be recorded.

In the midst of these ever-finer slices of time, the tenth of a second re-
tained a particular salience. Tie a piece of coal to one end of a string and 
twirl it rapidly. If the coal makes a complete turn in less than a tenth of a 
second, it will seem to form a closed circle. Slow down its speed and the 
closed circle disappears. Try this experiment with a cinematographic pro-
jector. If successive frames pass at a speed exceeding the tenth of a second, 
the illusion of movement appears smoothly. Reduce its speed, and the il-
lusion disappears. Look closely at a rapidly moving target and try to time 
the precise moment when it crosses a specific point. Compare the moment 
with somebody else’s and you will see that each of your determinations will 
probably differ by a few tenths of a second. Step on the brake of your car 
when an obstacle appears in front of you, and despite your best efforts, a lag 
time, close to a tenth of a second, will haunt your reactions. Try to read as 
many words as you can in ten seconds, and you will notice that the number  
is about a hundred: one word every tenth of a second. Time yourself while  
talking, and you will see that the time needed to pronounce each syllable 
will never be less than a tenth of a second. Analyze the electrical rhythm of 
your brain, which, when at rest, will average ten cycles per second. Study a 
“perceptual moment” and find that it lasts about this same amount.2

These mundane effects, some known since antiquity and others dis-
covered more recently, brought with them a host of philosophical riddles, 
paradoxes, and questions. Were they due to limitations in the process-
ing speed of the brain, and if so, was this speed measurable? Could it be  

2. The psychologist J. M. Stroud estimated in his paper on “The Fine Structure of Psychological Time” 
(1967) that a perceptual moment or “grain” of psychological time lasted about a tenth of a second.
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increased or decreased? Did they point to particular physiological qualities 
of the human body beyond the brain, such as the speed of nerve transmis-
sion or visual persistence? How and when did these effects stray from the 
tenth of a second? What evolutionary function, if any, did they serve? Were 
they related to fundamental aspects of the universe and the cosmos? How 
did they veil our access to reality? Could scientists, engineers, or inventors 
devise technologies to overcome or alter these effects or defects? How did 
they transform basic beliefs about causality, movement, and history? How 
were they incorporated into theories of knowledge?

Answers to these questions were frequently volunteered by scientists,  
some of whom were influential in crafting new technologies and improving 
on existing ones (such as telegraphy, photography, and cinematography) to 
investigate these short moments of time. Yet other answers had to do with 
understanding the tenth of a second in relation to the much longer period 
known as modernity. The development of science and technology was seen 
as an essential characteristic of modernity, and attempts to demystify these 
short periods of time were considered essential to the survival of the mod-
ern project. At stake in the exceptionalism of this instant lay the exception-
alism of modernity itself. The category of modernity itself was, in a sense, 
parasitic on this moment.

As scientists introduced the language of modern communication  
theory, employing terms such as “message” and “transmission,” they in-
creasingly referred to the tenth of a second. The mid-nineteenth-century 
descriptions by the influential scientist Hermann von Helmholtz are char-
acteristic: “When the message has reached the brain, it takes about one 
tenth of a second, even under conditions of most concentrated attention,  
before volitional transmission of the message to the motor nerves enables 
the muscles to execute a specific movement.”3 “Self-consciousness,” he 
noted, lagged “behind the present” by an amount equal to “the tenth part of 
a second.”4 By the 1880s it was common knowledge on both sides of the At-
lantic that “the time required by an intelligent person to perceive and to will 
is about 1/10 of a second. . . . After allowing for the time required to traverse 

3. Cited in Johan Jacob de Jaager, “Reaction Time and Mental Processes,” in Origins of Psychometry: Johan 
Jacob de Jaager, student of F. C. Donders on Reaction Time and Mental Processes (1865), ed. Josef Brozek and 
Maarten S. Sibinga (Nieuwkoop: B. de Graaf, 1970), 43. Italics mine.
4. Hermann von Helmholtz, “Ueber die Methoden, kleinste Zeittheile zu messen, und ihre Anwendung 
für physiologische Zwecke,” Königsberger Naturwissenschaftliche Unterhaltungen 2 (1851): 325, and “On the 
Methods of Measuring Very Small Portions of Time, and Their Application to Physiological Purposes,” The 
London, Edinburgh and Dublin Philosophical Magazine and Journal of Science 4 (1853): 189.
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all of the nerves and for the latent period of the muscles, there still remains  
about 1/10 second for the cerebral operations.”5

Almost a century after Helmholtz’s investigations, Thomas Edison’s 
chief laboratory engineer was amazed at how “modern communication has 
greatly increased the interchange of methods and ideas between the nations 
through the telegraph, the telephone and radio,” bringing the world closer 
together. Yet, even then, the project had not been entirely completed. Com-
munications were still colored by transmission delays of this same magni-
tude. “We all live,” he concluded, “on a tenth of a second world.”6

Why did the tenth of a second gain such importance in modernity? A 
psychologist would likely respond: “because of reaction time.” William 
James, for example, referenced this value in his classic Principles of Psy-
chology: “The time usually elapsing between stimulus and movement lies 
between one and three tenths of a second.”7 Another psychologist could 
then continue to explain the value of such research, ranging from the speed 
of thought, to improving industrial production, to simple survival in the 
modern world. Hugo Münsterberg, the head of the first laboratory of ex-
perimental psychology at Harvard University, described the immediate rel-
evance of this value: “If a playing child suddenly runs across the track of 
the electric railway, a difference of a tenth of a second in the reaction-time 
may decide his fate.”8 If the speed of reaction could be increased by a tenth 
of a second, another researcher explained, we could find a way to “preempt 
death itself.”9

An astronomer might say “because of the personal equation,” referring 
to the worrisome fact that different individuals differed in their timing of 
star transits.1 0 Referring to two well-known astronomers, the famous his-
torian of psychology Edwin G. Boring explained the meaning of the term: 
“The equation, ‘A − S = 0.202 sec.,’ means that on average [the astronomer]  

5. M. M. Garver, “Art. XXIV.—The Periodic Character of Voluntary Nervous Action,” American Journal of 
Science and Arts 20 (1880): 192. 
6. A. E. Kennelly, “The Metric System of Weights and Measures,” Scientific Monthly 23, no. 6 (1926): 551.
7. William James, Principles of Psychology (New York: Dover Publications, 1950), 1:88.
8. Hugo Münsterberg, Psychology and Industrial Efficiency (Boston: Mifflin, 1913), 65. Italics mine. During 
a famous legal case in 1912, Karl Marbe, a student of Wilhelm Wundt, argued in favor of convicting a 
machinist after proving that the time he needed to avoid a railroad accident that killed fourteen people 
was well within the limits of his reaction time.
9. In wondering if the “speed by which the thought of resisting danger can be translated into an act” could 
be increased, Léon Lalanne told a story “which has become a classic” of how the Swedish king Charles XII 
(1697–1718), when he was hit by a mortal blow in the trenches in front of Frederikshald, fell while moving 
his hand toward his sword shaft. Léon Lalanne, “Note sur la durée de la sensation tactile,” Journal de 
l’anatomie et de la physiologie normales et pathologiques de l’homme et des animaux 12 (1876): 453.
10. From the perspective of the history of astronomy, the most important essay dealing with the personal 
equation is Simon Schaffer, “Astronomers Mark Time: Discipline and the Personal Equation,” Science in 
Context 2 (1988): 118.



6 chapter 1

Argelander observed transits 0.202 sec. later than [the astronomer] Struve.”1 1  
While the relative personal equation compared two observers against each 
other, the absolute personal equation compared one observer’s timing of 
an event against the time as determined by a machine. It again took the 
shape of an equation, where a single number was assigned to a particular 
person. A personal equation is rarely exactly a tenth of a second; its value  
tends to oscillate between one to a few tenths of a second. It is often also 
sometimes much more than simply an equation, since the intriguing term 
is often used in literary ways.

A cinematographer, on the other hand, would explain its importance in 
terms of the visual threshold needed for images to fuse and appear to move. 
Philosophers, historians, and sociologists of science would give additional 
answers, some of which would be central to their explanations of how we 
gain knowledge of the natural world.

Here lies one of the most intriguing aspects of the tenth of a second. 
While it appeared as a problem in the most detailed and minutely technical 
accounts of precision science, it was also representative of larger questions 
about the role of science and technology in modern culture. It was a prob-
lem that was simultaneously “of” science and “about” science—scientific 
and technological as well as epistemological, philosophical, and cultural.

By investigating this moment of time this book seeks to answer three 
questions. First, how was modernity marked by a distinctive conception 
of the tenth of a second? Second, how did the tenth of a second affect 
knowledge practices across scientific disciplines? Third, what fundamental 
changes in our approach to history can help us better understand the devel-
opment of modern science? Allow me to elaborate.

The tenth of a second was a distinctly modern and post-Cartesian con-
cept. When Descartes described the reaction of a person to a stimulus in his 
Treatise on Man, reaction and stimulus occurred “at the same time.”

Trust in the instantaneity of nerve transmission continued into the first 
half of the nineteenth century. But as the century progressed, scientists 
started to question whether this velocity was indeed infinite. What preoc-
cupied thinkers after 1850 was the existence of a lag time—of the order  
of a tenth of a second—between stimulus and response. Scientists became 
increasingly uncomfortable with the mind-body dualisms of Cartesian phi-
losophy and instead focused on interfaces (such as nerves) between these 
two, increasingly problematic, terms.

11. Edwin G. Boring, “The Beginning and Growth of Measurement in Psychology,” in Quantification: A 
History of the Meaning of Measurement in the Natural and Social Sciences, ed. Harry Woolf (Indianapolis: 
Bobbs-Merrill, 1961), 118.
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This change was also distinctly post-Kantian.1 2 A longstanding Enlight-
enment and Kantian tradition treated free action as unquantifiable.1 3 But 
from the 1850s onward, scientists increasingly turned to tenth-of-a-second 
measurements to explore the mechanisms of thought and of the will. By the 
first decades of the twentieth century Edward Bradford Titchener, founder 
of the first laboratory of psychology in the United States, could claim that 
reaction time measurements were a “crucial experiment” demonstrating 
that mental phenomena were measurable.1 4 A focus on reaction time would 
reach its apogee with behaviorism. John Watson, the movement’s founder, 

12. In marking this period as post-Cartesian and post-Kantian, I am not claiming that these philosophies 
were rejected entirely. Needless to say, various forms of neo-Cartesian and neo-Kantian philosophies have 
continued to dominate numerous discourses. 
13. Because the scientific status of a discipline depended on the amount of mathematics that it used,  
Kant argued that investigations on man were forever confined to certain darkness. Immanuel Kant, Meta-
physische Anfangsgründe der Naturwissenschaft (Leipzig: Johann Friedrich Hartknoch, 1800), viii.
14. Edward Titchener traced “Wundt’s attempt, by way of a single crucial experiment, to overturn the 
whole Herbartian psychology” to his earliest work on the personal equation. He reprinted the dialogue 
between Wundt and the astronomer Argelander about Bessel, which took place before the Naturforscher-
versammlung in 1861 at Speyer. See Tageblatt der 36ten Versammlung deutscher Naturforscher und Aerzte 
in Speyer (1861). Edward Bradford Titchener, “Notes: Wundt’s Address at Speyer, 1861,” American Journal 
of Psychology 34 (1923).

Figure 1.1. Figure showing how the nerves conduct stimuli to the brain. Reaction and stimulus oc-
curred “at the same time.” From René Descartes, “Treatise on Man,” in The Philosophical Writings 
of Descartes, 99–108 (Cambridge: Cambridge University Press, 1985), p. 102.


