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Introduction 

The mechanical clock and the transformation 
of time-consciousness 

Around the year 1410, at the dawn of Europe’s modern era, an anony- 

mous author assumed the role of an English friar and described con- 

temporary innovations in the ways people dealt with time. In his exe- 

gesis of the First Commandment, he condemned the art of the 

astrologers, explaining that God had created the firmament out of 

light and time, like a flawless clock. Light and time, the starry heavens, 

Were meant to serve man, not the other way around. From the firma- 

ment as a great clock, he proceeded to the striking clocks, new in his 

day, and explained that just as the heavenly bodies did not rule the 

earthly creatures, clocks in cities large and small did not rule men. 

Rather, in cities and towns people ruled themselves by the clock.’ With 

regard to the ways in which time was handled, but also to the type of 

time-keeping devices that were used, our preacher differentiated mo- 

nastic and urban life as spheres of socially structured everyday time, 

quietly excluding life in the countryside. 

In an inconspicuous place, a contemporary thus sketched a process 

which today, barely a century after its discovery, has become textbook 

wisdom: the transformation of time-consciousness in the late Middle 

Ages. 
In the nineteenth century, working time became a central theme in 

the “social question” that divided political movements and parties. The 
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struggles over the normal working day, and the spreading notion of 

working time as a factor of production that was scarce and therefore 

had to be put to effective use, turned many old problems of justice, 

distribution, and money into problems of time. Railway traffic and the 

telegraph had put the fact that urban, regional, and national times of 

day were not synchronous on the political agenda. The movements of 

the sky became problematic as an absolute frame of reference for scien- 

tific and technical time-measurement when astronomers, using pro- 

gressively better clocks, discovered a growing number of irregularities. 

Old interests in chronology, the science of time-reckoning and time- 

measurement, were reawakened in the wake of the debates over na- 

tional and international time conventions. At the same time, a host of 

unmeasurable, rather subjective experiences of time became topics of 

discussion: the intellectual experiences of the Enlightenment, the po- 

litical transformations since the French Revolution, and the technical 

transformations brought on by the industrial revolution gave contem- 

poraries the feeling that they were living in a era of more rapid and 

continually accelerating historical change.? A wide range of experi- 

ences with factory and office time, with an accelerated dissemination 

of news, and with life in the great cities was conceptualized as the 

experience of “fast-moving time,” “scarcity of time,” and “time pres- 

sure.” Ever since, the temporal pattern of daily life in modern indus- 

trial society has seemed to be dominated to a high degree by the con- 

straints and pressures of time. As contemporaries looked at their own 

national history as well as foreign cultures, the more recent develop- 

ments struck them as the progressive loss of the possibilities of indi- 

vidual control of time, an alienation from its natural and humane 

rhythms. Scholars of European history discovered that the fundamen- 

tal change in time consciousness occurred with the transition from 

an agrarian to an industrial society that began in the Middle Ages. Eth- 

nologists, sociologists, and political scientists revealed foreign time- 

consciousness and foreign conceptions of time as fascinating prob- 

lems, to be sure, but also as serious obstacles to the modernization of 

societies 1n transition. As a result, belief in the hereafter, the concep- 

tion of history, expectations of the future, planning, concepts of time, 
time-measurement, time-control, and time-discipline have become — 
and rightly so—important themes of historical and anthropological 
research. 
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The development and history of mechanical clocks are topics of the 
utmost importance for all these discussions. The clock was and is not 
only the prerequisite and device for a way of handling everyday time 

that was at first typical of European industrial societies and then of 

industrial societies in general; it is also the symbol of the process of 

European modernization, and for describing the experience of mental 

differences between the old European and the modern world, between 

European, North American, and Japanese societies and the so-called 

Third World. The use of everyday time and the possession and use 

of clocks are indicators of modernity. The history of clocks as techni- 

cal devices of time-keeping and as a symbol of the change in time- 

consciousness links together a series of distinct though closely related 

themes. As a result the history of technology and the history of con- 

sciousness or mental structures have often ended up being mixed to- 

gether, and they need to be occasionally separated in order for us to 

connect them in a meaningful way. 

The transformation of tume-conscwousness 

The experience of time, conceptions of time, and time-consciousness 

are very broad concepts. Under their headings a wide spectrum of facts 

are dealt with, some interrelated, some in need of differentiation. The 

various ways in which historical change is perceived — as cyclical move- 

ment, as rise and fall, as unending progress, as accelerated or delayed 

change —all contain different notions about the relationship between 

past, present, and future. Already in Augustine’s differentiation of 

“three times,” past, present, and future are described not as external 

processes but as states of one’s own consciousness: “Some such differ- 

ent times do exist in the mind ... The present of past things is the 

memory; the present of present things is direct perception; and the 

present of future things is expectation.”* The common ways in which 

memory and expectation are structured in different societies are them- 

selves subject, in a high degree, to historical change and are shaped by 

religious and philosophical convictions — and this applies especially to 

the late Middle Ages. Doctrines of the ages of the world, the Biblical 

patterning of time (in the early modern period it was called “economy 

of time”), chronologies of rulers, the counting of the years forwards 

and backwards from the birth of Christ, the reckoning by centuries, 
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modern divisions into periods such as antiquity and Enlightenment — 

all these things structure historical memory. In the late Middle Ages 

and the Renaissance we can also observe the establishment of a binding 

calendar with a common beginning of the year, and the spread of the 

dating of days according to consecutively counted days of the month. 

To a certain extent, expectations of imminent religious events, proph- 

ecy, and utopias imparted a temporal pattern to the future. For the 

individual, the recording of the date of birth made it possible to con- 

nect his or her lifetime to historical chronology. Seneca’s tract “On the 

brevity of life,” much read since the Renaissance, popularized discus- 

sions about one’s own time as a precious possession to be dealt with 

carefully and thriftily, and under his influence Petrarch introduced no- 

tions about the “incalculable value of time” into literature. A visible 

sign of the continuously increasing prominence of this thematic com- 

plex was the appearance of personified time in the visual arts.* 

Key machine of the industrial age or instrument of class 
struggle: The mechanical clock and the historiography 

of technology and modern capitalism 

The history of the mechanical clock is a required topic for every history 

of inventions or technology. The history of technology is a more recent 

discipline, whereas inventions and inventors have long been the sub- 

ject of a special literary genre. The tradition begins with the so-called 

heurematologies which, beginning in the fifth century B.c., dealt of 

things the gods had only gradually revealed to humankind. The most 

famous example in Latin literature is the end of the seventh book in 

Pliny the Elder’s Natural History, where more than two hundred inven- 

tions are distributed among one hundred and forty-three inventors. 

During the European Middle Ages, the Ezymologies of Isidor of Seville 

were the most important source and starting point for numerous texts 

that used a variety of arguments to compile evidence for the intellec- 

tual advances of humankind.* Beginning in the late Middle Ages, this 

classic theme underwent a conspicuous transformation. The interest 

in innovations (“instrumenta nova, artes novae, novitates”) rose no- 

ticeably, with the artisanal-mechanical arts (“artes mechanicae”) form- 
ing a focus of interest that was becoming increasingly important. The 
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1. Allegory of Temperantia in the 

fresco Buongoverno by Ambrogio 

Lorenzetti. Siena, Palazzo Pubblico. 

Photo: Lensini, Siena. 

literally daily appearance of new inventions was described and wel- 

comed as a permanent process.° 
From the beginning of the fifteenth century, at the latest, the preoc- 

cupation with inventions developed a historical perspective: inven- 

tions of more recent date, the technical achievements of one’s own 

period, were singled out, and the most important ones were arranged 

together into groups. A modern understanding of technology be- 

comes visible, though at first without a separate term. The early devel- 

opment of this process can be grasped only iconographically in the 

allegorical personifications of Temperantia, one of the four late medi- 

eval cardinal virtues.’ Probably the oldest depiction of a sandglass, a 

technological innovation of the late fourteenth century, is found in 

the figure of Temperantia on the fresco “Buongoverno” in the Palazzo 

Pubblico in Siena (fig. 1). The fresco was painted in 1337; this particular 

section 1s part of an area that was restored in 1355, and it can no longer 

be determined whether the work is that of Lorenzetti.* The figure 

of Temperantia, one of the virtues assigned to good government, is 

carrying a sandglass. Older personifications of Temperantia carry a 

large or small mixing pitcher, in keeping with the translation of “tem- 

peramentum” as measure/proper mixture/moderation, from which the 

word for time (“tempus”) was often derived. In the depiction in Siena, 



6 

GHA PL ERSON EF 

2. Cardinal William of England, 
with sandglass. Detail from the cycle 
of frescoes by Tomaso da Modena 
in the chapter hall of San Nicolo 
(1352), Treviso. Photo: G. Dohrn- 

van Rossum. 

the mixing vessel has been replaced by a measuring vessel, the sand- 

glass. Around the same time, Tomaso da Modena, in a cycle of frescoes 

for the chapter hall of the Dominican monastery in Treviso, portrayed 

forty eminent members of the order. In the panel devoted to Cardinal 

William of England, the fresco, signed and dated to 1352, shows a sand- 

glass on a bookshelf next to the cardinal’s desk (fig. 2). The sandglass 

is by no means an incidental prop, for in a different panel Tomaso 

provided the earliest depiction of another innovation that appeared 

around 1300 and caused great excitement: spectacles. In illuminated 

manuscripts of Christian de Pisan’s Epitre @’Othéa, written around 
1400, “Attrempance” 1s shown as a female figure who intervenes in the 

gear mechanism of a clock to regulate it. Several examples show her 

to be iconographically closely related to personified “Wisdom” in the 

illuminated manuscripts of the Horologium sapientiae. This period saw 

the creation, presumably on the basis of a still undiscovered textual 

model, of a new iconographic program for the depiction of Tem- 

perantia, one that placed even greater emphasis on technological inno-, 

vations. The earliest miniatures date from the middle of the fifteenth 

century, and the program remained in common use into the sixteenth 
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3. Allegory of Temperantia. From 

a fifteenth-century manuscript De 

quattuor virtutibus cardinalibus by 

Pseudo-Seneca. Dresden, Sachsische 

Landesbibliothek, Ms. Oc. 79, fol. 

68 verso. Deutsche Fotothek. Photo: 

R. Richter. 

century. In these depictions, the figure of Temperantia (fig. 3) carries 

or is surrounded by a group of technological attributes, all of which 

were counted among the innovations of the most recent past, or at 

least were attributed to the artist’s contemporary, post-classical period. 

Temperantia has a bridle in her mouth, a clock on her head, spurs (here 

modern rowel spurs) on her shoes, and spectacles in her hand. At her 

feet is a windmill mounted on a stone tower.’ Spurs and bridle were 

known in Europe before the turn of the millennium; the tower wind- 

mill, spectacles, and the striking clock were innovations of the twelfth, 

thirteenth, and fourteenth centuries, respectively. As the personified 

ideal of sensible self-control, equipped with the modern attributes of 

the technological relationship to the natural world, Temperantia illus- 

trates the period’s new appreciation for all technological endeavors." 

Technological change, or social change caused by technology, was 

hardly within the mental grasp of fifteenth century contemporaries. 

However, there are indications that various technological develop- 

ments were seen as a coherent process with the power to bring about 

change. Shortly after 1450, Giovanni Tortelli, a widely traveled and 

learned humanist, completed his great work De orthographia dictionum 

e Graecis tractarum." It deals with Greek terms in Latin texts and dis- 

cusses the question whether one ought to limit oneself to the vocabu- 

lary of the classical authors. Tortelli’s answer is a clear no, for otherwise 
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many new inventions would have to remain unnamed. These inven- 

tions are discussed in detail in an excursus to the article “horolo- 

gium.”! Tortelli is not interested in the absolute age of an invention 

like the striking clock; he distinguishes merely between classical and 

post-classical technologies. Apart from clocks, he lists bells, portulan 

charts, the compass, the lateen sail, canons, stirrups, the water mill, 

the cembalo, the organ, cotton, spectacles, and more. Later lists of 

inventions arrange typical groups of three or four innovations (for ex- 

ample, compass, canon, clock, printing) when they praise the human 

gift of invention or the increasing technological competence of hu- 

mankind.’ These grouped arrangements of contemporary achieve- 

ments were not only literary clichés. In Luther’s writings, for example, 

we can see that they were at the time topics of dinner-table conver- 

sation.'* The clock kept its prominent place in these groupings until 

the end of the eighteenth century. Any time the discussion revolved 

around technological advances in general, and frequently when evi- 

dence for the superiority of “modernity” or the Europeans was pre- 

sented, the clock appeared in the list of examples. 

During the industrial revolution, in the face of the flood of new and 

exciting inventions, the mechanical clock lost its prominent place in 

published writings. Instead, the importance of a rational economic use 

of time and the new forms of time-discipline moved to the forefront 

of public interest. Mechanization of production, industrial working 

conditions, urbanization, and the acceleration of transport and com- 

munication made people more keenly aware of the economic implica- 

tions of the organization of tire and working time, and of the seem- 

ingly irreversible alienation from modes of behavior and consciousness 

that were felt to be partly natural and partly historical (in the sense 

of the “good old days”). Striking accounts of this can be found in 

the classic works of historical sociology and economics, where we can 

trace the rise of modern notions about the historical change of time- 

consciousness in Europe. 

Karl Marx described the clock as “the first automatic machine ap- 

plied to practical purposes,” from which “the whole theory of produc- 

tion of regular motion was developed.”!5 Moreover, he attempted to 
get a theoretical handle on the problem of working time and the nor- , 

mal working day when he split the workday into alienated time, for 
the production of surplus value for the capitalistic entrepreneur, and a 



©) 

INTRODUCTION 

time for the necessary reproduction of the labor force. “Economy of 

time, in the end all economy is reduced to this.” Time was for Marx 

working time, and the utopian view of control over the process of 

production had the double aspect of liberation from the constraints of 

working time and active influence on historical time: “Real saving— 

economy = saving of labor time = development of productive 

foreee ite 

Together with Friedrich Engels, Marx described the conflict-ridden 

implementation of industrial time-discipline by using England as his 

primary example. The steadiness and regularity of work compelled by 

the use of machines, and the excessive lengthening of the working day 

that was made possible by the workers’ inferior market position, 

seemed to be typical consequences of the factory system. In the writ- 

ings of Marx and Engels, the measurement and control of working 

time 1s documented as a central theme of the social conflicts. Drawing 

on many examples from contemporary factory descriptions, Engels for 

the first time called attention to the factory clock and its signal, the 

factory bell, as the means and symbol of the industrial domination 

over people and of their exploitation.’” The alienation of the worker 

from the possibility of an autonomous control of time had thus been 

discovered as a characteristic feature of modern capitalism. Through 

the comparison with the relatively less harsh conditions of serfdom, 

Marx moved the problem of working time into a historical perspective 

that would have important consequences. Engels painted an even 

clearer picture of pre-industrial work rhythms, one that was not free 

of idyllic overtones: “They [the workers] did not need to overwork; 

they did no more than they chose to do, and yet earned what they 

needed. They had leisure for healthful work in garden or field, work 

which, in itself, was recreation for them, and they could take part be- 

sides in the recreations and games of their neighbours . . .”!* 

With regard to the problem of time-consciousness, these accounts 

had historiographic consequences not only because they indicated an 

epochal change. They also made the pre-industrial ways of dealing 

with personal time appear to have been relatively irregular, close to 

nature, spontaneous (within the boundaries of natural conditions and 

individual perception of one’s economic situation), and, above all, 

largely self-determined. Only in very recent times have some scholars 

raised objections to the cliché created at that time of an “indifference 
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toward time” that was allegedly characteristic of the old European 

world.'? 
In Max Weber, discipline and method appear as essential elements 

in the development of rational forms of organizing work. He describes 

this development as part of the comprehensive process of rationaliza- 

tion that, along with rational science, rational technology, and rational 

administration, made western capitalism possible. But he does not deal 

with the aspects of time-organization and time-discipline in modern 

organizational forms. Instead, he asks about the origin of the attitudes 

and behaviors, the “ethos” or “mentality,” that made possible rational- 

ization and indirectly also the factory as an organizational form. He 

sees the monastery as the model of the rationally administrated agrar- 

ian and commercial enterprise, and the figure of the monk as the non- 

economically motivated example of a person who lived rationally and 

with a methodical division of time. The professional ethos of Puri- 

tanism, with its constant admonition to budget time, save time, and, 

finally, to consider time as money, was, for Weber, a secular version of 

the ascetic ideals of monastic life, one that played a decisive role in the 

success of the early modern economic bourgeoisie.*° Despite a broad- 

ranging controversy and many attempts to reformulate it, Weber’s 

“Protestant thesis” established time-consciousness as a preeminent 

topic in the history of mentalities. 

The monastery appears also in Werner Sombart’s history of modern 

capitalism as the nursery of a rational conduct of life. In historical 

terms, Sombart believes that the linking of a rational conduct of life 

with a systematic conduct of business, which was decisive for the de- 

velopment of the bourgeois type, occurred among the Italian mer- 

chants and traders of the fourteenth and fifteenth centuries, because as 

a group they were the bearers “of a general spirit of rationalization and 

mechanization” in early capitalism. Their most important achieve- 

ment, according to Sombart, was the introduction of double-entry 

bookkeeping, which quantified the diversity of goods and services in 

an abstract manner. A precondition for this was the spread of arithme- 

tic; one consequence was the beginnings of statistics. The art of land 

surveying in the Italian city republics and the public measurement of 
time were for Sombart additional indications of the “diverse causation 
of the modern person.”?} 

In his discussion of the “public measurement of time” as one aspect 
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of the modernizing impulses that emanated from the northern Italian 
city republics, Sombart could draw on a work that has become a classic 
for the questions we are pursuing: Gustav Bilfinger’s Die mittelalter- 

lichen Horen und die modernen Stunden (“The medieval Hours and the 

modern hours”). A Gymnasium teacher in Stuttgart, Bilfinger had pro- 

duced a number of earlier studies on the division of the day, the calcu- 

lation of the hour, and the time-measuring devices of ancient peoples. 

In 1892, not without deliberate connection to the impending introduc- 
tion of Central European time, he published his “contribution to 

cultural history,” as the subtitle of the book read. His analyses of 

thousands of indications of the time of day in ancient and medieval 

literature, originally intended only as contributions to the auxiliary sci- 

ence of chronology, have remained exemplary to this day. Moreover, 

because these analyses simultaneously took the techniques of time- 

keeping and the social context of time indications into account, they 

provided essential preliminary work for questions concerning the 

change in time-consciousness. 

More influential for modern notions about the change of time- 

consciousness in the Middle Ages was Lewis Mumford’s cultural 

history of technology, which he conceived of as a parallel work to 

Sombart’s history of capitalism. In Technics and Civilization, Mumford 

explains that the key machine of the industrial age was not the steam 

engine but the clock.”* In every phase of its development, the clock 

was the outstanding and most advanced device, and at the same time 

the typical symbol for the machine as such. According to Mumford, 

the first seven centuries of the machine age were characterized by pro- 

found changes in the categories of time and space. He counterposes 

the new time and conception of time, produced by the mechanical 

clock, to a lost organic time that was a sequence of elementary human 

experiences and events caused by man. The transition to abstract, mea- 

sured hours and minutes is for Mumford, in an even broader sense 

than for Marx, a process of alienation from nature. On the other hand, 

time-keeping also made possible time-accounting and time-rationing, 

and in this way “eternity ceased gradually to serve as the measure and 

focus of human actions.” Faith in “mathematically measurably se- 

quences” promoted the application of quantitative methods in the nat- 

ural sciences. He saw one source of this mechanical conception of time 

in the “iron discipline” of the monastic routine, which imparted to 
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human endeavors “the regular collective beat and rhythm of the ma- 

chine.” The ordering and regulating of time-sequences had become 

second nature in the monasteries, and a technical device for striking 

the hour at regular intervals had been the “almost inevitable product” 

of the monastic need to order time. Mumford’s unhappy linkage, in 

his description of the daily monastic routine, of modern machine 

metaphors with statements about the long-term change in time- 

consciousness in turn influenced medieval scholarship. 

Long before they found an echo in Germany, Bilfinger’s and Som- 

bart’s ideas were picked up by modern French social history. In his 1931 

review of P. Usher’s work on the history of technical inventions, Marc 

Bloch described the advances in time-keeping as one of the most 

far-reaching revolutions in the intellectual and practical life of our 

societies, and as one of the main events of late medieval history.’* 

Shortly thereafter, Bloch added another twist to Bilfinger’s “needs 

of urban life” when he portrayed the installation of public clocks as 

the work of the urban bourgeoisie. Along the way he declared that 

the innovation-promoting relationship between social needs and 

scientific-technological creativity was as difficult as it was interesting, 

and he called for further studies.*+ 

In his 1949 work on the Italian merchants who were active in the 

international trade in money and goods, Yves Renouard located the 

transformation of time-consciousness, which previously tended to be 

seen as a long-term process, in a relative short-lived historical social 

phenomenon. He went on to describe the modernization of time mea- 

surement as a manifestation of a change in mentality carried by the 

class of merchants at the beginning of the fourteenth century.”° Under 

pressure from the practical needs of commerce at the international fairs 

and markets and the requirements of bookkeeping, the merchants, ac- 

cording to Renouard, switched to a uniform beginning of the year for 

their balance sheets. Though the traditional reckoning of the hour did 

not bother the merchants, the recent invention of the striking clock 

was highly attractive to their milieu, which was shaped by logic, ratio- 

nality, and a conception of culture no longer dominated by the 

Church. The installation of public clocks thus satisfied the civic sense 
of the merchant classes who held the reins of power. At the same time, 
abstract time became the reference point for the thinking and acting 
of this group. Finally, Renouard relates Mumford’s discussion about 
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the replacement of organic time and the belief in the autonomous 
world of the sciences to the cultural milieu of the Italian merchants, as 

though anything like this could in fact be detected there. 

Jacques Le Goff, though fully aware of the inescapable problems 

involved in typifying collective notions of time, goes a step further. He 

describes the change in time-consciousness in the late Middle Ages, 

which had practical everyday as well as theological aspects, as a process 

born primarily by the merchants. In 1960 he coined for this process 

the suggestive slogan of the transition from “Church’s time” to “mer- 

chant’s time.” According to Le Goff, the conflict between these two 

conceptions of time was one of the most important events in the his- 

tory of mentality during these centuries, a time when the ideology of 

the modern world was being formed under pressure from changes in 

economic structures and behavior. Le Goff argues that the organiza- 

tion of commercial networks, the speculation in goods, the multiplica- 

tion of currencies, and the expansion of exchange transactions required 

a more precisely measured time. Commercial documents such as ac- 

count sheets, travel diaries, manuals of commercial practice, and letters 

of exchange made it clearer still how important measured time was for 

the successful conduct of business. Here, as earlier in Sombart, the 

measurement of time stands as a symbol for a whole cluster of pro- 

cesses of modernization and rationalization. Talking about the permis- 

sion that was granted for a work bell to regulate the working hours in 

Aire-sur-la-Lys (1355), Le Goff goes on to say: “The communal clock 

was an instrument of economic, social, and political domination 

wielded by the merchants who ran the commune.””° 

The studies of Renouard and Le Goff, who saw them as suggestions 

for more thorough research, have today become definitive—and as 

such, false — formulas about the change of time-consciousness, formu- 

las fit for handbooks and textbooks. In statements like the following, 

the technology of time measurement and the change in the conscious- 

ness of history are inextricably linked: “Tt is a fact that the sense of time 

and conceptions of the hereafter change, that in the cities the cyclical 

time of the Church is replaced by the linear, valuable time of the mer- 

chant.”?7 According to a Soviet work that has attracted wide attention 

also in the West, the development of productive forces made time into 

a crucially important factor, and “the appearance of the mechanical 

clock was at once a completely logical result and a source of the new 
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temporal orientation.”?* Nearly a hundred years after the appearance 

of Gustav Bilfinger’s work, the complicated reception of his findings 

in the historiography on capitalism has in many cases become the re- 

ceived wisdom in medieval scholarship, understandable in retrospect 

but no longer immune to the “veto of the sources.””? Philippe Wolff's 

appeal to advance the social history of time measurement through a 

collective research project, published in 1963 in the journal Annales, 

has not been taken up.*® Given the importance that the more recent 

accounts of the period have accorded to the topic, this is striking, even 

more so since the preconditions for such a project are quite favorable. 

My involvement with this topic began when a large television net- 

work asked me to prepare, for a wider audience, a graphic presentation 

in texts and images of “Church’s time” and “merchant’s time.” This 

pleasant task began in Le Goff’s footnotes, but it turned out to be 

surprisingly difficult, and fortunate finds in the archives of Valenci- 

ennes and Orvieto showed that it could not have happened the way 

he describes it. My attempt to assemble a gigantic puzzle of bits of 

information from about one thousand European cities remains in- 

debted to his approaches and questions. It takes up Bilfinger’s ap- 

proach of examining the history of clocks in connection with their so- 

cial use, and tries to advance along this path. In this way light is shed 

on a narrow but important slice of the many-layered problem of the 

change in time-consciousness. 

The first two chapters on classical and medieval time-keeping and 

hour-reckoning lay the groundwork for the discussion that follows by 

summarizing our current knowledge. Their purpose is also to counter 

widespread distortions in the discussions about modernization pro- 

cesses in Europe. In my view it makes no sense to look at the transition 

from the Middle Ages to modernity in terms of ethnology as a civiliz- 

ing process away from a primitive state, or in terms of developmental 

psychology as a maturation process from the “childhood of hu- 

mankind.” These approaches overlook the fact that late medieval pro- 

cesses of innovation and modernization were in large measure due to 

the traditions of older and contemporary urban civilizations. The de- 

bate over the development of the mechanical clock—a paradigm of 

European domination of the Old World —is being kept alive by nu- 
merous and often very scattered contributions, and it will go on, pre- 
cisely because it touches, in an exemplary fashion, on the relationship 
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of European culture to other cultures. A history of public clocks has 

never before been written, even though an abundance of material is 

provided by the history of the clock, local historiography, and the inex- 

haustible riches of European archives.*! As with my earlier work on 

the history of clockmakers, I have tried to make a beginning that could 

be carried further. Processes of change in urban temporal orders, inno- 

vations in dealing with working time, and innovations in the organiza- 

tion of modern systems of communication reveal important steps of 

modernization, steps we are hardly aware of because they have become 

so self-evident and routine. 
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The Division of the Day and 

Time-Keeping in Antiquity 

| clock signifies occupations and undertakings, movements and 

the start of transactions. For men keep their eyes on the time in 

all that they do. And so, if a clock falls apart or is broken, it means 

bad luck and death... 

Artemidorus of Daldis, The Interpretation of Dreams 

III.66 (2nd century A.D.)! 

The clock as a symbol for business and busyness: to our ears that 

sounds like a modern, if somewhat hackneyed, dream interpretation. 

Artemidorus treats dream symbols as an aid to prognostication, not 

yet as an aid to introspection, and in his interpretations we must think 

of successful future business undertakings as well as success in politics 

and the courts of law. The dream symbol presupposes a general famil- 

larity with the use of the clock at least in the cities. For how could a 

clock appear in dreams if “life according to the clock” was not already 

a common experience in the second century A.D.?? 

Artemidorus was by no means the only one who made this claim. A 

Roman comic writer has a parasite ask the Gods to confound the man 

who brought the sundial into the city, because people no longer ate 

when hungry but at fixed mealtimes. Seneca laments the unnatural in- 

novations that make people sleep during daylight and celebrate when 

it is dark. Before Emperor Domitian was murdered, he was deliber- 
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ately told the wrong hour, because he was known to be particularly 

afraid of the fifth hour. Martial jokes about the daily rounds that are 

completely filled up and strictly regulated according to the hours. But 

in late antiquity, in Cassiodorus for example, a sensible division of the 

hours became a precondition for a virtuous “ordo vitae.”* The differ- 

entiation of urban life, often lamented as the abandonment of rural 

“simplicitas” and never welcomed as a gain, was also expressed as the 

experience of the social differentiation of the daily round of activities 

in the cities. This was a new experience, and contemporaries clearly 

saw that it was linked to the introduction of the clock. 

Ancient authors repeatedly point out that the division of the day 

into hours and the use of time-measuring devices had not been cus- 

tomary since time immemorial, but that both practices belonged to a 

time of historical and datable memory. Herodotus reports that the 

Greeks had adopted sundials and the twelve divisions of the day from 

the Babylonians.* Prior to that, our word for hour (“hora”) had de- 

scribed periods of various lengths, for example, a season. The Greeks 

divided the day into three or four segments, which were given designa- 

tions like “early afternoon,” or were named for mealtimes or various 

activities. For civil use, nighttime had no division at all; for military 

purposes it was broken down into three or four segments whose 

length varied with the seasons. It is not clear whether the calendar 

day began in the evening or, following popular linguistic usage, in the 

morning. The use of twelve division of the day, of temporal hours, and 

of “hora” as an hour’s time is attested only from the time of Alexander 

the Great. 

In Book VII of his Natural History, Pliny outlines a kind of historical 

anthropology in which the current level of culture is made to appear 

as the result of a long series of inventions. Those inventions included 

also conventions agreed upon among all peoples, in part tacit 

agreements like the use of the Ionian alphabet and the custom of shav- 

ing the beard, in part conscious and considered agreements like the 

observation of the hours. The Twelve Tables in Rome (451 B.C.), Pliny 

tells us, specified only sunrise and sunset. Sometime later noon was 

added, and the last hour of the day was announced by officials ac- 
cording to the position of the sun. The first sundial was later erected 
in Rome by Lucius Papirius Cursor (292 B.c.). Subsequently, ac- 
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cording to a report by M. Varro, a sundial was brought from con- 
quered Catania by the consul Valerius Massala (263 B.c.), though for 
ninety-nine years nobody noticed that its lines, because of the differ- 

ence in latitude, did not agree with the hours in Rome. A properly 

constructed sundial was erected only later (164 B.c.), and shortly there- 

after (159 B.C.) a public water clock was set up in a roofed building. In 

conclusion, Pliny remarks that until that time “the division of the day- 

light had not been marked for the Roman public.”® 

The twelve divisions of the day became possible only with the use 

of clocks. This deliberate division of the day, a social convention in 

Greek and Roman civilization, was a Babylonian legacy. The Babylo- 

nians had separated the day into daytime and nighttime, dividing each 

period — daylight from sunrise to sunset and nighttime — into twelve 

segments (hours) of equal length.° The duration and temporal location 

of these hours varied with the length of daylight, with the “sixth hour” 

always designating the midday point. Only twice a year, at the equi- 

noxes, were the hours of the day and the night equal in length. These 

hours were called temporal hours, “horae inequales.” Expressed in 

minutes — which were unknown at the time — the ratio of the longest 

to the shortest daylight hour in Upper Egypt was 67:53, in Athens 

73:47, in Rome 76:44, in southern Germany 80:40, in northern 

England 90:30. In addition, in Rome the four divisions of the day 

and the division of the night into four watches continued in use, be- 

cause they were sufficient for most practical purposes. In Roman cities 

these segments were publicly signaled by the officials. The quarters 

of the day were named after their last hour. As points in time, hour 

indications — with the exception of the first hour, “hora prima” — must 

always be understood in the sense of the expired hour (“hora expleta,” 

“hora completa”). A brief example: “nona” as a space of time could 

designate the ninth hour of the day, more rarely also of the night, it 

could refer to early afternoon encompassing the seventh, eighth, and 

ninth hours, or as a point in time it could mean the end of the ninth 

hour. Instead of the uncommon “hora duodecima noctis” (or “h.d. 

diei”), “mane” and “vespera”/“suprema” were used to describe the 

natural boundaries of daylight. In addition, the cock’s crow, “galli- 

cantus,” was in common use to indicate the point in time just prior 

to dawn. 
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Only the educated can be expected to have used differentiated hour 

indications, but even they had limited need for them. Approximate 

times of day and night could be described with sufficient clarity also 

by using terms that were oriented towards natural events and were 

much more highly differentiated in those days. This applies especially 

to transitions from light to dark, as the following qualitative break- 

down of the night, which was still very common in the Middle Ages, 

shows in exemplary fashion: “occasus solis” (sunset), “crepusculum” 

(dusk), “vesperum” (appearance of the evening star), “conticinium” 

(silence), “intempestum” (complete cessation of all activities), “gal- 

licintum” (cock’s crow), “aurora” (waning of darkness, first flush of 

dawn), “diluculum” (dawn), “exortus solis” (sunrise).” 

Hours of equal length (“horae aequinoctiales,” “horae aequales”) 

were certainly known. They were used only in the context of scientific 

discussions, especially astronomical and astrological ones.* The indica- 

tion of hour fractions was rare outside of astronomy. For daily use, 

specifications such as “at the beginning” or “at the end” of an hour 

were sufficient. Half hours were common in allocating time to regulate 

irrigation schemes. On rare occasions fractions of hours were added to 

the indication of the expired hour, for example “hora quarta et quad- 

rans,” “hora quarta et triens.” 

Ancient sundials 

Observing changes in the sun’s shadow is undoubtedly the oldest 

method for determining the time. Suitable for such observation are 

the shadows of the edges of buildings or the shadow of one’s own 

body, the length of which, expressed in “feet” or “shoes,” was a very 

popular means of determining time in antiquity. A first reference is 

found in Aristophanes’ comedy The Ecclesiazusae (392? B.C.). Here a 

peasant woman complains to her husband that all he does is watch his 

shadow until it has reached ten feet, whereupon he proceeds to his 

evening meal. Customary in Greece were also meetings arranged for 

shadows measuring six, eight, ten, and twelve feet.’ Tablets indicating 

in “pedes” the length of the shadows for the hours during the different 
months were still very common in the Middle Ages. 

Sundials with gnomons and scales had been in use since the third 
millennium B.c. At first they probably served only calendrical pur- 
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poses,’ the division of the day coming later. Studies of specimens 

found in Egypt have shown that all types of sundials from the early 

period gave rather inaccurate indications of time.!! Greek astronomy 

subsequently developed the Babylonian models into the different types 

and forms described in all their variety by Vitruvius in De architectura 

(IX.8.1). Numerous archeological finds have confirmed his descrip- 

tions.!? Greek and Roman sundials bore the network of hour lines and 

day curves on a variety of shapes usually carved from stone (spherical, 

cut spherical, conical, and cylindrical forms, vertical and horizontal 

faces). Monumental sundials with networks of lines over one hundred 

and fifty meters wide used Egyptian obelisks (taken as spoils) as the 

gnomon.'? 

Sundials adorned public buildings, temples, private houses, and vil- 

las. They were common throughout the entire Roman Empire. The 

satirist who spoke of the city filled with sundials has been confirmed 

by finds in Pompeu, for example.'* Numerous inscriptions show them 

to have been popular donations. 

Even if, as we have seen, it took some time for word to get around, 

the problem of constructing sundials according to geographic latitude 

had been solved by the third century B.c., at the latest. From that time 

on ancient sundials always indicated the temporal hours for a specific 

latitude. Localities were assigned to a “climate” in accordance with 

their latitudinal location; this climate could also be indicated as the 

ratio of the longest to the shortest day, expressed in hours of equal 

length. Portable hanging sundials (“horologia viatoria pensilia”), suit- 

able for travelers, could be set for all latitudes or for a number of 1m- 

portant localities.!° 
Since the focus of observation in ancient sundials was on the path 

described by the tip of the shadow, sundials could also be used to read 

calendric indications, such as the month, or to determine the equinoc- 

tial days, on which the extremity of the shadow traces a straight line. 

It is possible that this continued to be their most important function 

even after the appearance of the hour division. 

Ancient water clocks 

Time-measurement that was not dependent on weather and light was 

possible in antiquity only by means of so-called water clocks, clepsyd- 
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4. The development of the clepsydra from siphon to water clock. Sketch 

based on Volker Aschoff, Geschichte der Nachrichtentechntk, vol. 1, 2nd ed. (Ber- 

lin, 1989). Left to right: syphon, time-measuring device, clocks; the chrono- 

logical scale runs from 500 to 100 B.C. 

rae (fig. 4).!° The term clepsydra (“water-thief”) goes back to an un- 

typical form of the device. In the sixth century B.c., various observa- 

tions of pneumatic and hydraulic phenomena were made using 

pierced, hollow vessels with a small outflow orifice that could be sealed 

with the thumb; with this device one could “lift? wine, water, or oil 

from larger containers as with a siphon. Observation of the slow sink- 

ing of such vessels into liquid, or the possibility of delaying the out- 

flow, led to the discovery of the clepsydra as a means for determining 

an interval of time. 

Clepsydrae: Outflow clocks 

However, the oldest and simplest way of indicating segments of time 

were not the wine-siphon forms, but the so-called outflow water 

clocks. They had no separate name and were also called “clepsydrae.” 

Here a simple vessel was fitted with a narrow outflow spout. The out- 

flow of a certain amount of water was then used to determine a certain 

interval of time, or observation of the dropping water level served the 

purposes of very simple time-measurement. Such vessels are men- 
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tioned in the first millennium in India and China.'” According to 
Babylonian texts, operators adjusted them to the changing seasons 
by varying the amount of liquid they were filled with.!’ An Egyptian 
inscription (ca. 1550 B.C.) and a specimen found at the temple of 

Ammon in Karnak (ca. 1400 B.C.) reveal that the interior surfaces 

of the vessel, slanted in order to compensate for decreasing water 

pressure, were inscribed with scales that allowed the division of the 

night during various months.!? Newer tests have shown that even 

though the physical theory behind the devices was unknown, their 

daily error amounted to only about fifteen minutes.?? As far as we 

know, these vessels equipped with scales were used to divide the 

nightly watches. 

It would seem that such scaled vessels appeared in Greece only at a 

late date.*! Starting in the fifth century, what were at first simple out- 

flow clepsydrae came into use in Athenian law courts and assemblies, 

namely, as a means of apportioning and limiting the time for 

speeches.’? Since court proceedings usually had to be concluded 

within a day, the total speaking time in criminal trials was split three 

ways between the accuser, the accused, and the judges, using as a basis 

the approximate amount of water that flowed out of vessels on a short 

day (about nine hours); in civil matters the time was sometimes di- 

vided into five parts. The vessels were shut off when witnesses were 

heard or documents read. Aristotle subsequently reports that speaking 

times were also regulated depending on the amount of money in- 

volved in the litigation. The litigants were given, not a part of the 

day’s speaking time, but a certain number of jugs (about 3.2 liters); 

modern calculations have shown that a jug drained in three to four 

minutes. The division of the day into hours was not yet customary, 

and thus speeches were made not “according to the time” but “ac- 

cording to the water,” which stood in each instance for an interval of 

time known only very approximately. Such outflow vessels were also 

used for practice in schools of rhetoric. The Roman legal system 

adopted this technique of limiting court speeches during the republi- 

can period, the purpose being, as Tacitus tells us, to curb juridical elo- 

quence with a bit and bridle (“frenum”).”? “Frenum” became in the 

Middle Ages the technical term for the escapement of the wheeled 

clock, and the bridle, as we have seen, appeared at the beginning of 

the fifteenth century in the iconographical context of the allegory of 
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the virtue “Temperantia.” Not until Cicero do we find hour- 

indications for court speeches, and not until Pliny the Younger do they 

become concrete enough that we can fix the duration of a court clepsy- 

dra at about twenty minutes.** In city councils, the clepsydra became 

a way of verifying that members of the council arrived on time; in the 

late Middle Ages the sandglass served the same purpose. According to 

a third-century B.c. inscription from Iasos in Asia Minor, on the day 

the council met, a clepsydra located in plain view was filled at sunrise. 

Those members of the council who had failed to appear by the time 

the water ran out forfeited their claim to the attendance fee. In Graeco- 

Roman times, as in Egypt, clepsydrae were also used to determine the 

length of the military night watches. Caesar reported that he discoy- 

ered “by water measurements” that the nights were shorter in 

England.’° 

The use of water clocks shows that when it came to the measure- 

ment and distribution of water allowances in irrigation systems, a tran- 

sition took place from vague time periods that were valid only for 

concrete applications and could not be generalized to abstract 

time periods. Clepsydrae were used for this purpose throughout the 

ancient world, but also in India, China, and Persia into modern times, 

wherever water was particularly precious.*° Here a certain amount of 

water corresponded to the outflow time of a clepsydra, or to the time 

it took a pierced vessel floating on water to fill up and sink.?” These 

water units were allocated, sold, or auctioned off. As a result the time 

units could also take on the name of the vessel. When clepsydrae were 

widely replaced by sandglasses in late-medieval Spain, where such reg- 

ulating techniques had frequently been handed down from the Mus- 

lim period, the allocated half hour retained the name “pitcher” 

(“jarro”), in some parts of Spain to this very day, even after the spread 
of the mechanical clock. 

The techniques of distributing water by means of time units were 

frequently codified in Roman law.** However, in imperial times people 

began to regulate the allocation of water also according to the hours 
of the day, and no longer by means of a hollow vessel. An inscription 
from Lamasba in Numidia (third century) lists properties, the names 
of owners, and the irrigation time in whole and half hours of the day.?° 
This presupposes that time-measurement with sundials was already 
common, and this more abstract measure of time could now be used 
for a just distribution of water. 
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Clepsydrae and scientific measurements 

Accounts that water clocks were used for scientific observations, and 

thus for early forms of the quantifying method of scientific investi- 

gation, take us to the third century B.c., the heyday of Alexandrine 
science. 

The first account concerns the physician Herophilos of Alexandria. 

It is a completely isolated report, meaning that it is not confirmed by 

other sources and did not become part of the tradition. We are told 

that Herophilus used a water clock with a short outflow to determine 

the pulse rate in feverish patients. A comparison with the rates of 

healthy individuals, counted for four different age groups during the 

same time interval, supposedly allowed him to detect pathological 

changes.*° Ancient medicine, which tended to describe the pulse as 

“strong,” “weak,” “regular,” or “restless,” also tended to regard adjec- 

tives such as “fast,” “slow,” “racing,” or “faltering” as qualitative and 

strictly tied to the experience of the individual physician. Only in the 

seventeenth century did people begin to count the pulse (see chap. 8, 

Time-measurement and “scientia experimentalis”). 

More broadly reported, and still handed down in the Middle Ages, 

were methods — attributed to the Alexandrines — for calculating the re- 

lationship between the radius of the sun and the moon and their orbits 

around the earth. To do this an outflow water clock should be opened 

at the first appearance of the heavenly body and closed once the full 

“planetary disk” had passed over the horizon. At the same time a sec- 

ond vessel should be opened and then closed when the heavenly body 

reappeared the following morning. A comparison of the two volumes 

of water supposedly showed that the ratio of the radius of the solar 

disk to its orbit was 1:600 (for the moon 1:750). In the second century 

B.C., Ptolemy did not think such experiments were very promising. In 

the second century A.D., the skeptic Sextus Empiricus considered them 

impossible. Otto Neugebauer has said that such measurements were 

not feasible, and that the story was already in antiquity merely a liter- 

ary cliche.*! 

3D 

»”» 

Continuous time-indication and automata mechanisms 

The Hellenistic period saw the development of a new type of water 

clock, one that had great influence on the more modern forms com- 
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bining continuous time-indication with astronomical indications and 

with chimes and signaling mechanisms. In the so-called inflow water 

clocks, the water pressure is kept constant by maintaining the water in 

the supply or overflow tank at the same level by means of an outlet 

that drains off excess water. The water level in the receiving tank thus 

rises evenly, and a float in the tank can be used to move an indicating 

contrivance or some mechanism at an even rate. The only detailed 

source for this presumably Hellenistic innovation and the details of its 

construction is the account of Vitruvius on “water clocks” or “winter 

clocks” (De architectura IX.8.2-15), which is inconsistent and contro- 

versial when it comes to its technical interpretation. Vitruvius names 

as the inventor Ctesibius of Alexandria (third century B.c.), who 1s 

also credited with developing a hydraulic organ and a two-cylinder 

fire pump. 

Vitruvius begins by explaining the principle elements of the contriv- 

ance: a carefully calibrated outflow spout fashioned from gold or from 

a pierced gem, and a float in the form of an inverted bowl. In the first 

variation, in which a linear movement is transformed into a circular 

motion, a toothed bar atop the float drives a toothed drum, which in 

turn causes various kinds of movements or acoustic signaling mecha- 

nisms, such as falling stones or pneumatic trumpets. Vitruvius calls 

these mechanisms extras. In the second variation, the float carries a 

pointer or pointer-figure. Two possible ways of adjusting the clock to 

the unequal hours are discussed. First, by changing the outflow orifice 

through the insertion of wedges; here it is unclear whether Vitruvius 

was already familiar with conical valves.*? Second, by attaching a re- 

volving drum marked with lines for the hours of the various months. 

In the third variation, an astronomical clock (“horologium anaphor- 

icum”) which, like the first arrangement, transforms linear into circular 

motion, a pliable chain is run from the float over an axle to a counter- 

weight. The axle turns a dial with 365 holes that revolves behind a wire 

grid with the Tropics and hour lines; a pin can be inserted into the 

holes to indicate the position of the sun. We see here the first known 

version of a mechanically turnable astrolabe, which would become part 

of the standard equipment of astronomical clocks from the late Middle 

Ages on. Vitruvius concludes his account with a description of a 
(probably unworkable) regulating mechanism with a perforated re- 
volving drum between the tanks. 
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Archeological finds have confirmed that Vitruvius was describing 

clockworks that actually existed. Archeologists have discovered the re- 

mains of a large, public inflow water clock in the agora of Athens, 

which was in operation in the third century B.c. Judging from the 

size of the tank, its fill-time must have been in excess of one day.*? A 

“horologium” of this type was also in the Tower of the Winds erected 

by Andronicus of Kyros in the first century B.c. Each of the eight sides 

of the tower (which was about thirteen meters high) bore a sundial, 

with the water clock inside the tower presumably moving a variety of 

astronomical mechanisms.** And the fragment of a second-century 

A.D. disc with astronomical indications that was found near Salzburg 

was 1n all likelihood also part of the kind of anaphoric clock described 

by Vitruvius.*® 

Our current level of knowledge does not yet allow us to say how 

far ancient mechanics progressed in constructing for these clocks the 

complicated gears that are necessary for a depiction of planetary orbits. 

The only piece of evidence to date was a scientific sensation, but for 

now it remains a completely isolated piece in regard to the extant 

sources and current state of scholarship. This so-called Antikythera 

mechanism was retrieved in 1901 from a shipwreck near the island of 

Antikythera between the Peloponnesus and Crete. The device, about 

30 X 15 centimeters in size with the thickness of a book, was used 

for mechanically calculating and demonstrating calendric problems on 

three dials. On one side one could, within the Greco-Roman calendar, 

set the position of the sun and the moon, the rising of bright stars, 

and the equinoctial dates. On the other side nineteen solar years were 

related to 235 synodic (lunar) months within the metonic cycle. In ac- 

cordance with astronomical theory, epicyclic gears (that is, gears de- 

scribing circular trajectories along a circular line) were used for this 

mechanism. D. Price presented this device of the first century B.C. to 

the public; Allan G. Bromley has suggested a reconstruction.*° But we 

are still waiting for the reassessment of ancient precision mechanics 

and its possibilities of fashioning intricate gearing that this device calls 

for. For our purposes we can note the following: even if the only 

known example of such a mechanism was operated by hand, there can 

be no fundamental doubts that it was possible in antiquity to drive 

complicated astronomical mechanisms with water-clocks. 

Classical clock technology was handed down to the European 
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Middle Ages in part directly from Roman late antiquity, in part indi- 

rectly by way of Byzantine and Arabic mechanics. In Constantinople, 

clocks of this kind were in use for the imperial palace guard. But ac- 

cording to John Lydos, their use for timing court speeches was no 

longer common in the sixth century. In the city several public buildings 

and churches were equipped with clocks. It is difficult to tell from the 

texts whether we are dealing with sundials or water clocks in specific 

cases. John Lydos singles out the official character of at least one of 

these clocks by calling it “clock of the city.”*7 

The development of large-scale, water-driven automata was also 

continued in the Byzantine period. Procopius describes an artistic 

clock in Gaza (Palestine, around 530) that struck the number of the 

hours, counting two sequences from one to six; the striking was widely 

audible. The clock, erected in a large square, set in motion an elaborate 

mechanism of mechanical figures. The eyes in the head of the Medusa 

on the tympanum of the facade moved every hour. Below the Medusa 

head was a series of twelve doors, in front of which the figure of the 

sun god was moving about. Every hour a door opened, and out came 

Hercules with the attributes of one of his twelve mythical labors. 

Among the musical and figural mechanisms, Procopius singles out an 

eagle with beating wings that wreathed the clock. At night a light 

moved behind the thresholds of the doors.** 

The Book of Ceremonies of Emperor Constantine VII Porphyrogeni- 

tus (tenth century) mentions a large clock in the imperial palace in 

Constantinople, and a clock in a building adjoining Hagia Sophia. 

Arabic travel accounts report that the latter, too, set figure mechanisms 

in motion every hour. These reports attribute the construction of this 

clock to Apollonius of Tyana (first century), who is not otherwise 
known as a mechanic.%? 

As with the monumental clocks of the European Middle Ages, the 

primary interest behind these mechanical marvels was in surprising 

effects or the visualization of heavenly phenomena. The public indica- 
tion of the time of day tended to be more of a side-effect. Later, in the 
Islamic world, there developed an art of automata that would gradu- 
ally come to exert its influence on the history of the clock in the high 
Middle Ages. 
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The Medieval Hours (Hora) 

The Church adopted the Roman division of the day and structured 

the liturgy of daily prayers around it. The basic framework continued 

to be the double sequence of twelve temporal hours each. Prayer times 

were arranged in accordance with the four main divisions of the day 

and night. It made sense to time prayers in this way, since the New 

Testament, with few exceptions, used only the third, sixth, and ninth 

hours of the day, along with sunrise and sunset, to indicate time of 

day. This is especially apparent in the Passion: the high priests take 

counsel early in the morning; the crucifixion falls on the third hour; 

the ensuing darkness lasts from the sixth to the ninth hour; Jesus dies 

at the end of the ninth and is laid in the tomb as daylight fades. This 

gave rise to seven periods of prayer, reminders of the Passion: Matins, 

Prime, Terce, Sext, None, Vespers, and Compline. As the prescribed 

sequence of prayers, they were also called the canonical hours (“horae 

canonicae”). The approximate temporal location of the prayers corres- 

ponded to the division of daylight. Matins came at sunrise, Compline 

coincided roughly with sunset, Sext always designated midday. In lay 

use, only the Hours assigned to the quarters of the day became im- 

portant: Prime, Terce, Sext, None, and Vespers. The twelve-hour divi- 

sion of the day was rarely used in the Middle Ages; however, it re- 

mained familiar to the educated and memory of it was kept alive, as 

for example in the Biblical parable of the laborers in the vineyard who 

are hired at the eleventh hour but are paid a full day’s wage (Mt. 

20.6-I2). 
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The Hours as indicators of time: Shifting of the Hours 

The linkage of the periods of prayer to the Roman division of the day 

(or temporal hours) was not subject to any strict canonical regulation. 

Though it was customary to place the prayers at the end of the three- 

hour segments of Terce, Sext, and None, it was not expressly forbid- 

den to say them slightly earlier. The precise time of day for prayer was 

not of great concern. As a result, it was possible for the “hora quoad 

tempus” (hours of time) and the “hora quoad officium” (hours of 

prayer) to drift apart with respect to their location in time. The expres- 

sion “hora prima vel quasi” (“at the time of Prime,” “at early mass 

time”) was only a very approximate designation of the first hour of the 

day, since the Prime prayer or the early mass could be begun or 

chanted before or after sunrise without violating any canonical rules. 

The actual temporal location changed with local'customs and practical 

requirements, especially in the cities. 

The Muslims also had a prescribed sequence of prayers, but their 

temporal spacing was not based on the division of the day into unequal 

or equal hours. The sequence took its cues strictly from the position 

of the sun. In the eleventh century, al-Biruni compiled the vague and 

partly contradictory rules of the Koran and the Islamic schools and 

sects in his Exhaustive Treatise on Shadows.’ In deliberate contrast to 

other religions, prayer was forbidden to Muslims at sunrise, sunset, 

and at the sun’s culmination (midday). The first of the five prescribed 

periods of prayer began immediately after the midday culmination, 

“when the shadow begins to wander toward the East.” It ended when 

the shadow became longer than the shadow-casting rod. The second 

afternoon prayer should be said “while the sun is still white.” The third 

period began after the sun’s disappearance behind the horizon and 

lasted as long as twilight. Thereafter came the time of night prayer, 

which had to be completed before dawn broke, before “the appearance 

of the white light.” The period of morning prayer ended, accordingly, 

with sunrise. In some traditions the earliest time within each period 

was considered the best time for prayer. It was followed by a second 
best time, a third best time, a fourth time — still permitted but frowned 
upon because of the long delay, and finally a prohibited fifth time, 
which would not allow prayer to be completed before the next period 
began. The muezzins at the mosques, responsible for keeping the 
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prayer times, had to observe above all the culmination point of the sun 
and the length of the shadows. During the Middle Ages these Muslim 
time experts needed and developed not only sundials, but also shadow 
tables, astrolabes, and water clocks. 

Not only did the connection between the times of prayer and the 

solar day remain looser in Europe during the Middle Ages, the se- 

quence of hours of prayer (“quoad officium”) also shifted gradually 

with respect to the sequence of the hours of the day (“quoad tempus”). 

This drifting apart took place over two to three centuries and occurred 

at different rates in different regions. The dates and causes of the drift 

are a matter of conjecture, but we can describe the results. Most obvi- 

ous was the shift of None to the first hour of the afternoon and then 

to the true midday, a shift enshrined in the English word “noon.” As 

a result, in secular usage the Sext gradually disappeared as an indicator 

of time, while as a time of prayer it was moved immediately before 

None. Simultaneously, Vespers moved forward into the afternoon and 

became important in signaling pauses from work or the end of work 

on days preceding holidays. As a time of prayer it gradually moved, 

outside the monasteries, into the third hour of the afternoon. 

Two thirteenth-century sundials on the Minster in Hameln allow us 

to observe the shift of the Hours with respect to the temporal hours 

(figs. 5, 6). Both dials have a half circle with identically spaced divi- 

sions. In one half-circle the vertical midday line is marked by an “M” 

(meridies); in the other, the somewhat later sundial, by an “N” 

(None). 

Though the shift probably took hold in the course of the thirteenth 

century, even the simplest timing of hours was not obvious to every- 

body, and was occasionally the subject of disputes. In 1188, a duel was 

to take place between Gerardus of St. Obert and Robert of Beaurain 

before the Count of Hainault in Mons. Gerardus appeared armed 

around the first hour on the agreed-upon day. He waited until the bells 

rang for None, the end of the customary dueling period. Since his 

opponent had failed to appear, Gerardus then demanded that his claim 

in a disputed legal matter be recognized on the grounds that he had 

waited to the appointed time and beyond (“quod usque ad horam et 

ultra horam expectasset adversarium suum”). The count’s counselors 

were uncertain about what to do. Only after observing the position of 

the sun and asking the clerics present for advice did they pronounce 
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s, 6. Two sundials for indicating the canonical hours on the minster at 

Hameln. Photos: Martin Neumann, Bad Pyrmont. 

that None had passed.? Thus neither the ringing of the church bells 

nor the position of the sun provided undisputed indications of time. 

As late as the fourteenth century, the gradual shifting of the Hours led 

to conflicts when it came to setting the hours of work. 

There is no good evidence for the reasons behind the shift of the 

Hours. G. Bilfinger attributed it to the spread of monastic fasting rules 

beyond the monastery walls among secular clergy and pious laity. 

Those rules stipulated that on regular fast days the main meal should 

be taken after None, but during the Lenten period preceding Easter 

not until after Vespers. And the monks were not to eat anything at all 

before Sext. Human weakness (1.e., hunger), Bilfinger argued, encour- 

aged a “permitted practice” under which None and the other Hours 

accordingly were moved away from the temporal hours and shifted 

closer to the main meal, which the common people customarily ate in 

the morning.* Jacques Le Goff offers a different explanation: since 

None signaled the end of work on half-days of work (on Saturday, for 

example) pressure from urban wage workers caused the forward shift 
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of this period of prayer, which was, after all, also an urban time signal. 

This hypothesis cannot be verified. The sources for the None as the 

end of the half-day, to which Le Goff refers, date from the years 1286- 

1289 and thus to a time when the None in Italy had long since moved 

to midday.* Dante, surely no friend of newfangled customs, states ex- 

plicitly in his Convivio (1308/09) that the None should be rung at the 

beginning of the seventh hour of the day. To all this we can add that 

even within monastic communities the temporal locations of the 

Hours were not precisely fixed and could be moved, though prior per- 

mission was required. In 1253 the cathedral chapter in Chartres received 

permission from Pope Innocent IV to celebrate the night services in 

the early morning instead of shortly after midnight, the reason being 

that the monastery grounds did not offer sufficient protection at 

night.® Similarly, the chronicle of the convent of Ste. Catherine-du- 

Mont near Rouen reports under the year 1322 that the community, 

fearful of the night (“timores nocturnae”), had begun to say Matins in 

the morning.° 

The temporal order of the monastic world 

RECENT MISCONCEPTIONS 

Ever since Max Weber and Lewis Mumford, the asceticism, discipline, 

and regularity of monastic life have assumed increasing importance for 

the historiography of modern industrial society, especially in ex- 

plaining its characteristic forms of work and life. Extending Max We- 

ber’s theses about the development of western rationalism backward 

has led to far-reaching new interpretations of life under monastic rule. 

Influenced by the focus on modern mechanization and seduced by a 

machine metaphor that has taken on a life of its own, some authors, 

who tend to have a sociological outlook, have changed the picture of 

medieval monasticism. In many instances monasteries have been 

turned into prototypes of modern factories or “spiritualized and mor- 

alized megamachines” (Mumford). The mechanistic image of the 

monastery has given rise to partly distorted and partly erroneous theo- 

ries about the monastic temporal order, the contribution of the monas- 

teries to the development of the modern sense of time, and the history 

of clocks. 

Max Weber’s theses of the non-economically motivated, rational 
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method that informed the way of life and the economic behavior of the 

monastic orders are taken a step further by Lewis Mumford: refering 

vaguely to Werner Sombart, he declares the Benedictines to be the 

founders of modern capitalism. They helped to give “human enterprise 

the regular collective beat and rhythm of the machine.” In a later work 

Mumford states that in organizing their daily routine on a twenty-four 

hour basis, the Benedictines had anticipated a later stage of mechaniza- 

tion.” To support these theories he adds a new twist to a legendary bull 

of Pope Sabinianus on the ringing of church bells, turning that ringing 

into a continuous signal for the Hours in the monasteries. In Mum- 

ford’s view, some means of striking the Hours in regular intervals was 

therefore a necessary product of life under the “iron discipline of the 

rule.” There is some inconsistency between this and another statement 

by Mumford that “the mechanical clock did not appear until the cities 

of the thirteenth century demanded an orderly routine” — the state- 

ment itself is not accurate, though it does point in the right direction.*® 

H. E. Hallam, in an essay on feudal society of the High Middle 

Ages, also declares the “spirit of the clock” to be “wholly Benedictine.” 

The most significant and novel trait of the Benedictine Rule, according 

to Hallam, is the dividing up of the day into a sort of timetable. The 

ideal of Benedictine life “created the need for the monastery to know 

the correct time and to be able to measure its lapse.” The mechanical 

clock appeared “as services became more numerous and complex.”° 

Eviatar Zerubavel has devoted an entire essay to the Benedictine 

ethic as the origin of modern scheduling. The round of daily activi- 

ties in keeping with the Rule, he argues, was the model of all west- 

ern schedules and timetables; the Benedictine monasteries were the 

outstanding examples of “clockwork communities.” Zerubavel, too, 

works on the assumption that a regular monastic time signal existed 

and claims that the prescribed schedule “made the standardization of 

the length of the hours [their absolute duration] . . . essential.” The 

awkward situation caused by the use of the historically older canonical 

hours could be remedied only through the introduction of the me- 

chanical clock. Zerubavel advances some very contradictory theories. 
On the one side he recognizes that clocks in the monasteries were ini- 
tially used only as alarms. The standardization of the temporal location 
of divine services and daily activities was then followed, logically and 
historically, by the “rigidification of the duration” of these events. But 
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then he turns this scenario (which is, at least, plausible) around and 
maintains that the Benedictines played a significant role in the develop- 
ment of the western, abstract conception of time because they invented 

a schedule that was completely based on a mechanical device for mea- 

suring time or presupposed the use of such a device.!° 

All three authors fail to distinguish between alarm devices, mechani- 

cal clocks, and striking clocks. This explains some of their misconcep- 

tions. On that basis they construct a picture of monastic daily life quite 

far removed from the text of the Rule, the variations in the Rules, the 

commentaries, the relevant literature, and monastic practice. I do not 

wish to play down or deny the significance of asceticism, discipline, 

and regularity for the development and stabilization of behavioral pat- 

terns and norms that became important to industrial society. But we 

ought to recall some well-known historical facts as an antidote to hasty 

socio-historical and socio-temporal generalizations. 

THE DAILY ROUND OF MONASTIC LIFE 

The Benedictine Rule, not a novel invention but the most important 

example of early monastic Rules and an authoritative model for all 

later ones, sought to be a guide for a communal life of humility and 

obedience in devotion to God. Renouncing the pursuit of self-interest, 

personal property, and personal control of one’s time, the monks lived 

largely isolated from the surrounding world under the authority and 

guidance of an abbot. The purpose of this life was gradual self 

perfection and preparation for life in the hereafter. 

The central element in the monastic daily routine was divine wor- 

ship. In keeping with Psalm 1119, verses 164 (“Seven times a day I praise 

thee”) and 62 (“At midnight I rise to give thee thanks”) it was per- 

formed seven times during the day and once during the night (Rule of 

St. Benedict, chap. 16). The day was the basic unit of the monastic time 

system, a distinction being made between Sundays and holy days, reg- 

ular working days, and fast days.!! The next larger unit was the week. 

It was governed, apart from Sunday observance, by the liturgical re- 

quirement that all one hundred and fifty Psalms be chanted at least 

once within this period (chap. 18). Liturgically the year was split into 

summer and winter. With regard to the prescribed readings, the dura- 

tion of the day’s work, mealtimes, and the rules of fasting, the monks’ 



36 

GEHIAR TE Re TEER 

year was divided into three segments. Larger units of time are not 

mentioned in the Rule. 
The monastic day was divided into an almost unbroken sequence of 

divine offices, meditation, reading, work, meals, and periods of sleep. 

On a yearly average the main segments of the day (offices/reading, 

work, sleep) occupied about seven hours each. 

The seasonally shifting temporal location and relative duration of 

the various segments of the day were determined by the divine offices. 

Vigils was to commence after midnight and be completed while it was 

still nighttime. In winter its liturgy was more extensive than in the 

summer, that is, it lasted longer. Matins was to be said before daybreak 

(“incipiente luce”). Day offices took their names and original location 

in time from the unequal Roman hours (Prime, Terce, Sext, None), 

with no particular importance being attached to a precise correspon- 

dence between the “hora quoad offictum” and the “hora quoad tem- 

pus.” In the monasteries, too, the canonical hours were, to a certain 

extent, movable with respect to the temporal hours. For example, in 

the rules governing work on summertime afternoons, we read that 

None should be chanted earlier (“agatur Nona temperitus mediante 

octava hora”). During the winter, Terce was moved to the morning, 

preceding the work period (“hora secunda agatur Tertia,” chap. 48). 

At all times Vespers should be said such that the subsequent evening 

meal could be completed while there was still daylight. Compline 

marked the boundary to complete darkness. 

Despite this density of activities, the ordering of the daily monastic 

routine got by with remarkably few indications of time. The beginning 

of the offices was linked not to a particular point in time but to a signal 

or short sequence of signals (“signa”). The duration of the offices was 

determined not by a set period of time but by the prescribed liturgical 

elements. The remaining segments of the day were, in temporal terms, 

either added on behind the offices or placed in whatever gaps re- 

mained, Temporal values were pragmatic values that were not defined. 

This has led to the problem that modern reconstructions of the monas- 

tic day can be no more than approximations.'? As for the duration of 

the elements of the day, it is often overlooked that their timing was 

intrinsic to them and that they were arranged sequentially.’ Regula- 
tions governing time in the Rule were thus rarely directed towards 
abstract points of time or abstract periods; the same holds true for the 
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later Rules, often many times longer than the Benedictine Rule, and 
for the customs (consuetudines) that took on binding force.!* Most 

designations of time link the beginning of one activity or situation to 

the end of the previous activity. Typical formulaic expressions include: 

“subiungendum est; quibus dictis; quibus lectis; quam incipit cantor 

dicere, mox omnes surgant; post hos sequatur; post quibus lectionibus 

sequantur; parvo intervallo.” Time indications using temporal hours 

and independent of the sequence of offices or Hours appear only twice 

in the Rule: in the nightly time of rising during winter (chap. 8), and 

in the rules governing work periods (chap. 48). In all other cases the 

time indications and offices cannot be separated, meaning that the pre- 

scribed tasks were linked to the offices, which were not precisely fixed 

in time. 
The Rule constantly admonishes the monks to follow its temporal 

regulations as a group and punctually. But the implied notion of punc- 

tuality is different from its modern counterpart. In the interest of a 

communal performance, the handling of the rhythm of the day was 

elastic. If the monks rose late, the liturgy of Vigils would be shortened 

(chap. 11). To give latecomers a chance to catch up, the second Psalm of 

Vigils should be sung very slowly and with pauses (chap. 43). Though 

tardiness would be punished,'* the required punctuality was not re- 

lated to abstract points in time but to points in the sequence of the 

rhythm of collective conduct. Establishing the temporal order of a 

monastery was called “horas temperare” (chap. 41), an expression 

wholly unthinkable in schedules that are rigidly timed. 

The monastery thus gave itself its own rhythm. Between post- 

midnight Vigils and sunset stretched a fixed sequence with times that 

were, to a certain extent, movable. Elements within the sequence could 

not be interchanged or left out. But it was unimportant whether Sext 

began an hour and a half or fifteen minutes before midday. This gave 

the various monastic orders and individual monasteries some organi- 

zational latitude. 
The monastic time system was meant to set itself apart from all secu- 

lar time systems, separating the monastery and the outside world. In 

that regard a different sense of time was virtually called for. Even if we 

can recognize parallels to the surrounding agrarian society in certain 

particulars, the result of practical necessity, the differences remain clear 

enough. Regularity and repetitiveness in regard to year and day and 
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the collectively lived life produced a special rationality and required a 

special discipline, which becomes especially apparent in the conscious 

avoidance of any leisure (“otium”). Arno Borst saw here the beginning 

of the rationing and rationalizing of time, not, we note, of time mea- 

surement and time discipline.!¢ Surely the absence of any possibility of 

personal control of one’s time and the perspective of lifelong submis- 

sion to this order produced special forms of time-consciousness, but 

those can hardly be described with machine metaphors. 

To what extent the monastic time system had a shaping influence 

on its surrounding world is difficult to say. H. E. Hallam surely goes 

too far when he speaks of a “strict training” of medieval agrarian soci- 

ety at the hands of monasticism. Still, it is conceivable that important 

practical experiences in dealing with time were passed on. With limited 

but very regular applications of work in the fields, workshops, and 

scriptoria, the monks achieved results that may well have been re- 

garded as exemplary, though this was only indirectly the purpose of 

the monastic order.!” 

Talk of “iron discipline” or the machine-like or clockwork rhythm 

of monastic life, even in a purely metaphorical sense, 1s misleading, 

because it suggests a time giver (a machine or clock) external to natural 

rhythms and the daily round of human life. In actual fact, life ac- 

cording to the Rule was bound in a very high degree to natural time 

givers, daylight and the seasons, and was by no means marked by as- 

cetic resistance to the natural environment.'* Of course the degree of 

adjustment to external time demands varied from one order to the 

next. Agrarian labor and pastoral care in the cities each produced 

different kinds of modifications to the Rules, which as a whole differed 

significantly from other daily routines only in that the monastic day 
began earlier. 

Arranging the monastic time system in accordance with the Rules 

depended on two critical times that could not be determined without 

aids. From the beginning both were the topic of frequent discussions. 

The cycle of holy days in the ecclesiastical year was coupled to the 

movable date of Easter. The latter, in turn, was linked to an astronomi- 

cal cycle, and until it was fixed by a calendar for the entire church, it 

could be determined only by observation and calculation. . 
The other temporal element, critical only for the monastic time sys- 

tem, was the timing of Vigils during the night. It was to be located as 
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close as possible to midnight, but also in such a way that the monks 
could get enough sleep. In summer Vigils had to be chanted such that 
Matins could begin with the break of dawn. The Rule of St. Benedict 

stipulates that in winter the monks’ rest should last slightly longer than 

half the night, hence it was “reasonable” that they rise at the eighth 

hour of the night.'? This is the only time indication that has caused 

difficulties to commentators. Did Benedict mean the beginning or any 

point during the eighth hour? How could the eighth hour be deter- 

mined at night? The great learned commentaries on the Rule, from the 

early modern period down to our day, have considered this passage, in 

particular, to be obscure, difficult, and hardly amenable to a satisfac- 

tory interpretation.*® Right up until the end of the Late Middle Ages, 

monastic clocks (“horologia”) are mentioned above all in the commen- 

taries on this passage; later the passage provided grounds for pre- 

senting the division into hours as a historical fact. 

The Hours as a time signal 

Already in the high Middle Ages the multitude of church bell signals 

had become such a natural part of life that their origins were placed 

far back in history. Church bells were said to have been invented in 

the fifth century in the town of Nola in Campania. This legend was a 

transparent wordplay: “nola” was the name for a small bell, “campana” 

for a larger one. Another legend, in part repeated down to our day, 

attributes the public signaling of the Hours or time of day to Pope 

Sabinianus (604-606).”! He is said to have ordered the churches to 

mark the hours of the day by ringing their bells. City chronicles during 

the Middle Ages regularly passed on these very widely known stories 

when they talked about the church bells or reported the installation of 

new ones.”? In the fifth and sixth centuries, however, the spreading of 

bells to churches and monasteries had only just begun. The increas- 

ingly lavish outfitting with bells during the following centuries al- 

lowed the ringing of sophisticated signals for the times of prayer in 

the monasteries, later also from city church towers. The Hildemar 

commentary on the Rule of St. Benedict (ninth century) already sug- 

gested a series of signals for the sequence of Hours in the monastery 

(3-1-1-2-2-2-1-3).?8 Guillelmus Duranti’s thirteenth-century commen- 

tary on the divine services has a sequence — apparently intended for 
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churches—that envisaged numbered strokes for the twelve hours of 

the day (1-3-3-3-1(or 3)-1).’+ It should not be assumed that this was how 

most churches rang. Each town and each church rang in a different 

way to distinguish prayer times, depending on the number and type 

of bells available. But we can assume that in the cities of the thirteenth 

century the Hours were rung from many different towers more or less 

regularly and carefully. Countless urban time indications put this be- 

yond doubt. An etymology circulating around 1300 falsely turned this 

urban phenomenon into a scoff at peasants: “Bells are called ‘campane’ 

by the peasants because they live in the fields (“in campo’) and can 

know the hours only from these bells.”° 

Computus 

Outside of the literature on the rules and practice of monastic life, 

information about medieval time reckoning 1s also found in a literary 

genre called “computus.” A medieval computus 1s a handbook con- 

taining above all methods for the astronomical and calendric calcula- 

tion of the movable Paschal date. Beyond that, the computus quickly 

became a typical forum for discussing a variety of questions concerning 

Christian chronology and the astronomical and mathematical knowl- 

edge needed to work on it, and for developing aids in the form of 
tables and mnemonic devices.*° 

Like all calendars, the Christian festal calendar is the product of 

compromise. It resulted from the non-synchronicity of different astro- 

nomical cycles, for example, the solar and lunar years, from their sup- 

posed and actual irregularities, and from political decisions made at 

various times and places. The year and day of Christ’s crucifixion were 

and still are controversial.”” Tradition placed it on a Friday, March 25; 

in the Roman solar calendar that is the day of the vernal equinox. Ac- 

cording to the evangelists, the resurrection occurred on the day follow- 

ing the Sabbath of Jewish Passover. The Passover holiday followed the 

Jewish lunar calendar, whose festivals were movable with respect to 

the Roman calendar. It was celebrated on the fourteenth day (i.e. the 

full moon) of the first Hebrew month (Nisan). Since Easter, the day 

of the resurrection, was not to coincide with the Jewish festival under 

any circumstances, the Church, after passionate debates, placed it on 

the Sunday following the vernal equinox. At the council of Nicaea, the 
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Church, deviating from the Roman calendar, followed the observa- 
tions of the Alexandrine astronomers and fixed March 21 as the Easter- 
limit, the date before which the holy day could not be celebrated. Papal 

Paschal letters and tables were intended to help establish a uniform 

date. But traces of competing dates for the Easter-limit can still be 

found as late as the turn of the millennium.?8 

The computistic writings of the Anglo-Saxon monk Bede (De tem- 

portbus [704], De temporui ratione [725]) became highly authoritative 

and were very widely circulated.’? Even though the actual vernal equi- 

nox had shifted to March 17 by the eighth century, Bede, in the earlier 

of the two works, followed the tradition of the western Church and 

gave March 25 as its date. In 710, in a letter of the Irish abbot Ceolfried, 

possibly written by Bede himself, and then in 725 in Bede’s De tem- 

porum ratione, we read that the date was to be fixed on March 21. Both 

texts justified this with repeated and very emphatic references to em- 

pirical observations with a time-measuring device (“inspectione horo- 

logica” or “consideratione horologica”). They may have been talking 

about observations on sundials, which were very common in monas- 

teries at the time. It is highly unlikely, however, that these simple de- 

vices at that time already allowed observations in units on the order of 

only a few minutes.*° We can hardly decide whether observations were 

in fact made or whether the reference to observations was intended to 

bolster specific arguments.*! Bede’s authority, in any case, was such 

that later computus authors simply adopted what he said. Voicing no 

reservations of any kind and invoking historical authority, these au- 

thors also took over the description of methods for measuring the di- 

ameter of planets with the help of water clocks.*” 

A different subject in the computus texts was the discussion of the 

largest (e.g. era) and the smallest units of time, a topic that had never 

been dealt with in such breadth and detail in antiquity. Here the au- 

thors used — side by side and without a uniform terminology — mathe- 

matical and astronomical divisions, Roman fractions, and weight mea- 

sures (modern time values are given in parentheses). In Ptolemy the 

full day had been divided either into 4 quarters of 6 hours each or into 

360 chronoi. The hour, accordingly, had 15 chronoi (15 minutes). In 

Bede and the computistic tradition the hour was divided into 4 puncti 

(15 minutes), or 10 minuta (6 minutes), or 15 partes (4 minutes), or 40 

momenta (90 seconds), while in lunar calculations the hour was given 



42 

(CIBLAIP WEIR TSUN IE Ie) 

5 puncti (12 minutes). Bede considered the punctum the smallest unit 

measurable with the sundial, and the momentum the smallest perceiv- 

able unit.3* He did not regard such divisions as natural, but as conven- 

tions agreed upon among mathematicians (“calculatores”). Bede re- 

ports on another division by which the Zodiac (full day) was broken 

down into 12 signs and 12 (double) hours. Each hour, accordingly, had 

30 partes (4 minutes) of 12 puncti (20 seconds) each, each punctus had 

40 momenta (1/2 second), each momentum had 40 ostenta (about 1/ 

100 of a second). Bede rejected this division as an exercise of astrolo- 

gers (“mathematici”), as he did the division of the hour into 22,560 

atoms.*# The high Middle Ages was also familiar with the division of 

the hour into 60 ostenta and, under the influence of Islamic astron- 

omy, with the hour-minute.** The abundance of small and smallest 

divisions — the list I have given being by no means exhaustive — was 

frequently used in the same text side by side. However, the use of very 

small units of time was limited to theoretical and astronomical trea- 

tises; outside of such texts we find no trace of them. In daily life, short 

periods, as for instance the duration of an earth tremor, were for the 

most part expressed in prayer times. For example, a chronicle of Con- 

stance says about an earthquake on August 13, 1295: “around midday 

there came the greatest earthquake . . . and it lasted about as long as it 

takes someone to say a Paternoster and an Ave Maria.”*° 

At times such indicated periods could be given greater precision 

with additional information about the tempo of the prayer. One such 

example comes from a time when modern hour reckoning, though not 

minute reckoning, had long since become customary. It is found in a 

letter of the Florentine Paolo Rucellai and concerns an earthquake in 

Naples on December 8, 1456: “It lasted the duration it would take to 

say Miserere quite slowly and more specifically one and a half times.” 37 

Bede distinguished three kinds of time reckoning (“ratio temporum 

trimoda”) with different degrees of binding force: 

(a) Reckoning according to God-created nature: this included the 

solar year with 365 1/4 days, the lunar year with 354 days, and the 

nineteen-year lunar cycle. 

(4) Reckoning according to human custom: an example of this is 
the thirty-day month, which corresponds neither to the solar nor the 
lunar cycle. 

(c) Reckoning by authoritative decisions: on the authority of the 
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divine law the seven-day week with the observance of Sabbath could 

not be changed. By the same authority agrarian labor should rest every 

seventh year and a jubilee should be celebrated every fifty years. Hu- 

man authority gave rise to the four-year Olympic cycle, the fifteen- 

year cycle of “indictiones” (Roman tax cycle), the eight-day rhythm of 

weekly markets, and, finally, the division of the day into four segments 

(“quadrantes”).** All Bede does is list examples, but it becomes clear 

that the division of time attributed to custom or recognized authority 

rested on human statutes and was thus changeable. In a different con‘ 

text, Nicholas of Cusa, in the middle of the fifteenth century, described 

the measuring units of time, such as year, month, and hour, as new 

aids which had not been present at the time of creation. Just as Ptol- 

emy invented the astrolabe and Orpheus the lyre, the rational human 

soul invented these devices to distinguish and recognize the objects of 

the material world.*? In medieval understanding, too, the division of 

time, and especially of the day, was not simply a given fact, beyond 

doubt and unchangeable. Instead, it was seen as determined in part by 

natural rhythms, in part by social convention or “political” decisions, 

and as subject to historical change. 
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Medieval Horologia and the Development 

of the Wheeled Clock 

ip is certain that if we knew who first invented the means of mea- 

suring time by the movement of toothed wheels, a movement con- 

trolled in such a way that the to-and-fro of the “unrest” [foliot] re- 

sists it in an alternating pattern, this person would deserve all our 

praise — but history teaches us nothing certain in this regard.1 

Following these words of praise for the unknown inventor of whom 

“history” knew nothing “certain,” Dom Alexandre, the author of one 

of the first modern technical handbooks on clocks (1738), outlined the 

questions and the period that are still the focus in the continuing dis- 

cussion over the invention of the wheeled clock. His definition of 

the problem —“the invention of a resistance by the to-and-fro of a 

foliot’—1s as valid today as the period he focused on, between the 

ninth and the fourteenth centuries. He doubted that Archbishop Pa- 

cificus of Verona, who heads the entry in du Cange’s glossary, could 

have been the inventor, because it struck him as improbable that word 

of the invention, “so sorely needed for the arrangement of the nightly 

activities,” had not reached the monasteries even a quarter of a millen- 

ium later. As evidence he cites the Rule of Cluny, where we learn that 

the sacristan “always had to step outside and read the time from the 

heavenly bodies.” In Dom Alexandre’s view the real inventor was 

Gerbert of Aurillac, something one occasionally still reads today. In 
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Spain, where Islamic and European-Christian civilization came into 

direct contact, Gerbert was said to have become so deeply versed in 

the “astrologer’s art” and “mathematics” that he was believed to be a 

magician. Dom Alexandre does not pose the question why Gerbert’s 

invention, too, did not spread more quickly to the monasteries. In- 

stead, his historical survey leaps ahead into the fourteenth century, to 

the famous astronomical clock of Abbot Richard of Wallingford. 

The development or invention of the mechanical clock has been 

more frequently discussed, and can be considered to have been more 

thoroughly researched, than any other aspect of the history of technol- 

ogy prior to the industrial revolution. Even though the evidence has 

been collected piece by piece for decades, it has so far proved impos- 

sible to pinpoint the place, time, and circumstances of this technologi- 

cal breakthrough. Most histories of clocks and technology therefore 

take only a cursory look at ancient or medieval water clocks, emphasize 

that the invention of the mechanical clock was a stroke of genius or a 

turning point in the history of civilization, and date the process accu- 

rately to the late thirteenth or early fourteenth century. 

The appearance of the mechanical escapement did not find an echo 

in contemporary accounts. No entry in a chronicle, no narrative ac- 

count, no description of the construction makes the invention an event 

we can date or locate. In this respect the history of the escapement 1s 

no different from that of tower windmills or cannons, not to mention 

the history of the compass or paper. Compared to these innovations 

the sources on the history of clocks are far more numerous. They are, 

however, afflicted with the problem that the transition to the mechani- 

cal clock found no reflection in language, did not cause a change in 

terminology. The term “horologium,” a word of many meanings, was 

simply retained. The appearance of the escapement, today considered 

the decisive innovation or pathbreaking invention, does not even ap- 

pear in contemporary awareness. It was at most in retrospect that it 

was described as significant but mysterious. In contrast, the appear- 
ance of striking clocks was registered instantly, and was felt to be tech- 
nologically sensational and socially momentous. Discussions about the 
change in time-consciousness in the Middle Ages should take this fact 
into consideration. 

Clearly formulated hypotheses concerning the invention of the me- 
chanical clock are a rarity. Leaving aside the countless opinions that 
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have been expressed, mostly in a rather casual way, hypotheses with 
some degree of substantiation move along two tracks which are not 

mutually exclusive. According to the classic view as laid out by C. du 

Cange, and argued most recently by J. D. North and, following his 

lead, also by D. Landes, the medieval monasteries are the most prob- 

able site for this technological development.” The overwhelming ma- 

jority of European sources on medieval “horologia” refer to monastic 

and ecclesiastical life. Up until the middle of the thirteenth century, it 

is only in this sphere, which did, however, include most of contempo- 

rary astronomy, that we hear about time measurement and time- 

keeping devices. Even if the argument that the invention sprang from 

the intrinsic needs of the monastic time system is based on recent mis- 

interpretations of the monastic Rules, it would seem reasonable, given 

the provenance of the sources, to assume that the development of the 

mechanical clock occurred in the monasteries. 

But this does not yet answer the question whether we are dealing 

with a European development or with a technical development in- 

spired by the reception of classical astronomy via the Islamic world. 

For example, the classical technology of water clocks was undoubtedly 

developed further by Arabic-speaking authors and mechanics. What 1s 

unclear is how much of this became known or was adopted in Europe 

and when this process may have begun. 

The discussion was given new impulses by the publication of Joseph 

Needham’s history of the sciences in China, and by the monograph on 

astronomical clocks in medieval China which he co-authored with 

Wang Ling and Derek J. de Solla Price.* Since that time, Derek Price, 

in particular, has repeatedly argued that the “missing link” in the his- 

tory of European clocks should be sought in some inspiration from 

China, possibly transmitted via the Islamic world. The clock es- 

capement was developed in Europe not because there was need for 

a reliable time measuring device, so the argument goes, but because 

Europeans were looking for the motive power of the astronomical 

models in China, which they knew about from hearsay. These two 

hypotheses, or variations that can be constructed from the two, are not 

mutually exclusive, because the decisive technological step, the devel- 

opment of the clock escapement, still eludes us in terms of place, time, 

and circumstances. But they do imply different models of the course 

history took: in the first case we have the evolution of a native technol- 
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ogy in response to the demands of an identifiable need; in the second 

case the transfer of a technical vision—that of driven astronomical 

models — from the outside, and the gradual simplification of the com- 

plicated solutions into a usable, everyday instrument, the mechanical 

clock. 
Interest in outside influences on the history of European science and 

technology has led to an intensive new scrutiny of the sources since 

World War II. The impulse behind this has been the effort to get away 

from the fixation on a Eurocentric view of history. An additional im- 

pulse has been the realization that Chinese and Islamic sources on the 

history of technology are, in contrast to the European political and 

ecclesiastical sources, far more numerous and revealing. Thus it seems 

reasonable to draw on non-European evidence to illustrate and explain 

European developments. The history of clocks is undoubtedly the 

most important example of this. 

The clock escapement 

A medieval mechanical clockwork was made up of four components: 

a weight drive, a mechanism for transmitting the energy through a 

gear train, an escapement or regulating mechanism, and an indicating 

mechanism in the form of a striking or pointing contrivance. Only the 

escapement and regulating mechanism was an innovation characteris- 

tic of the mechanical clock. The other components had a long tradition 

in the history of hydraulic clocks and astronomical instruments. 

The verge-and-foliot escapement (fig. 7), which can be considered 

the normal type around 1400, is a mechanism in which the motion of 

a weight-driven axle is impeded or controlled in such a way that the 

axle’s uniform rotation is suitable for use as a time standard, for ex- 

ample an equinoctial hour. Without such a brake the rotation of the 

axle would steadily increase in speed. The escapement works as fol- 

lows: a crown wheel with an unequal number of teeth, mounted onto 

the axle or linked to it via a gear train (which has been left out in the 

sketch), alternately blocks and releases the verge by means of two pal- 

lets attached to the verge at a right angle to each other. 

Mounted on top of the vertical verge is a scale-like beam (the foliot). 

By pushing on one pallet, the crown wheel moves the verge and the 
foliot in one direction until the other pallet stops the motion and re- 
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regulating 
weights 

7. Verge-and foliot escapement. Drawing by G. Oestmann, Bremen. 

verses the direction of the rotation. The duration of the oscillation of 
the inertial mass of the verge and the foliot can be adjusted by moving 

regulating weights on the foliot. Another way of regulating the mecha- 

nism is by changing the pull weight. This to-and-fro, oscillating move- 

ment inspired various graphic names for the device: “restlessness” 

(Unruhe), “foliot” (from a word describing a quivering leaf, first used 

by J. Froissart around 1370), more rarely also “woman’s tempera- 

ment.”* The first text that gives an approximate description of this type 

of escapement is an operating manual which the Basel clockmaker 

Heinrich Halder supplied for the tower clock he built for the city of 
Lucerne in 1385: “And if the woman’s temperament goes faster than 

you think it should, hang the lead blocks away from the wheel, and if 

it goes too slowly hang them closer to the wheel, in this way you will 

make it go forward and backward as you wish.”* 

A variation of this escapement appears in the older sketch of the 

“common clock” (“horologium comune”) contained in the description 

of the supporting frame of Giovanni Dond1’s planetary clock (“astrar- 

ium”), completed in 1365 (fig. 8). The fifteenth-century version repro- 
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8. The astrarium of Giovanni 

Dondi dall’Orologio. Sketch of the 

supporting frame with clockwork 

and hour dial. From a manuscript 1n 

the library of Eton College, Wind- 

sor, Ms. 172. Reproduced with per- 

mission of the Provost and Fellows 

of Eton College. 

duced here goes back to a nearly identical sketch in an Italian manu- 

script from the late fourteenth century. Dondi presupposes that the 

construction of the clockwork drive is well known and that various 

forms are possible, hence he gives only a cursory description.°® 

The crown wheel, not very clearly labeled in the sketch, is described 

in the text as “rota tercia, qui dicitur in horologiis communis rota 

freni, habens dentes ad instar serre [saw] magne lateraliter” (the third 

wheel, which in common clocks is called the restraining wheel [“rota 

freni”] and has teeth like a large saw on the side). The verge and inertial 

mass are called in the text “frenum cum corona.” Instead of the foliot, 

the sketch shows a horizontally mounted wheel (“corona freni”) dec- 

orated like a crown. Apparently this type of escapement can be regu- 

lated only by changing the weight or counterweight, since there is no 

sign of any regulating weights on the wheel. The setup is not entirely 

clear, since the text, in deviation from the sketch, implies two possible 

ways of regulating the mechanism: by changing the pull weight or by 
removing weights from the escapement itself.” 

The text on the construction of the “horologium astronomicum” of 

Richard of Wallingford, abbot of the Benedictine abbey of St. Albans 

in Hertfordshire, published by J. D. North in 1976, takes us back to an 
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9. Reconstruction of the escape- 

ment in Richard of Walingford’s 

astronomical clock. Drawing by 
G. Oestmann, Bremen. 

even slightly earlier time, but also into a host of difficulties that cannot 

be entirely resolved. This text, too, deals primarily with the theory of 

the complicated gears for astronomical indicators, and only second- 

arily with the construction of the clockwork itself, taking a good deal 

for granted. The obscure references to the clock escapement appear in 

the sections on the striking work of the clock (“pro sonitu unius 

timbe” or “pro sonitu unius clok”). Our understanding 1s additionally 

hampered by a peculiar terminology which, as far as we know, was 

without a model and had no lasting effect. The clock, about the height 

of a man (fig. 13), presumably had a foliot escapement with movable 

lead weights; at all events, we read on one occasion of the “quadratura 

plumborum pro hasta strob.” “Hasta strob” 1s apparently the vertical 

verge. Its oscillating movement was produced not by one but two 

wheels (“rotae strob”), whose teeth or pins were arranged around the 

edge in a radial pattern (fig. 9). Fastened to the verge itself was, instead 

of two pallets, a semicircular device with presumably sickle-shaped 

halves (“semicirculus”), whose ends alternately blocked the teeth of 

one of the wheels. In this way the motion of the axis shared by the 

two wheels was blocked in a jerking fashion and with a recoil effect.* 

There are no conclusive texts or material remains for a reconstruc- 
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tion of the Wallingford escapement. But conceptual aids come from 

Leonardo da Vinci’s sketches of clock escapements he had presumably 

seen somewhere or another, and from two later Italian sketches of 

alarms which presumably reflect technological arrangements going 

back to the fourteenth century.’ A connection between the Wallingford 

escapement and the two later Italian sketches is plausible, but remains 

hypothetical. Going backwards chronologically to the oldest sources 

for the escapement of the mechanical clock yields the clue that the 

clock escapement and alarm mechanisms may have been technically 

related developments. But this too leaves open some important ques- 

tions: Was the clock escapement of Richard of Wallingford a precursor 

to other escapement types which subsequently disappeared because 

they were not as useful or reliable? Was it a mechanically superior vari- 

ation, but one that was too difficult to build or too expensive? Was it 

a chronologically parallel and independent special development which 

had no impact? 

J. D. North’s view that it represents a mechanically superior preform 

is supported only by the fact that Leonardo reports on this type of 

escapement and explicitly describes it as such (“tempo d’orologio”). 

Against it speaks the absence of concrete evidence in textual or picto- 

rial sources. The notion of a separate development is supported by the 

fact that not only the escapement, but also the striking-work construc- 

tion (not reproduced here) of the English abbot is without parallels in 

the remaining evidence. Rather, the numerous depictions of clocks for 

daily use show that around 1500 only the first two types of escapement 

mentioned above (the verge and pallets with a foliot or balance wheel) 

were commonly used. The extant clocks that can be dated —cau- 

tiously — to the fifteenth century usually have a foliot escapement. 

Even though the notes and sketches for the astronomical clocks of 

Giovanni Dondi and Richard of Wallingford are the oldest reliable evi- 

dence for mechanical clock escapements, they presuppose that the exis- 

tence of such escapements had long been known. As a vague terminus 

ante quam we can thus give for now the time around 1330. 

“Clock,” “mechanical clock,” “wheeled clock” 

Any discussion of the history of the mechanical clock runs into the 
problem of the broad spectrum of meanings of the word “clock”/ 
“horologium,” which in the older scholarship repeatedly led to errone- 
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ous conclusions about the age of mechanical clocks. In the Middle 
Ages, “clock”/“horologium” was a generic term for all devices and aids 
of time-reckoning and time-indication, and occasionally also for time- 
ordered conduct. Regardless of how it was constructed, a water clock 

could be called “horologium,” “horologium aquatile.” The ancient 

word “clepsydra” was seldom used in the Middle Ages to describe 

clocks. A sundial, too, was a “horologium.” On rare occasions the ex- 

pression 1s more specific (for example, “horologium solarium”); more 

frequently we find terms where a part of the device stands for the 

whole: “gnomon,” “quadrans,” “stilus.” Astronomical instruments 

such as astrolabes and quadrants, but also simple looking tubes, were 

called “horologium,” since they could function also as time-measuring 

devices. “Horologium” was also the word for tables used to determine 

the time of day according to the duration of daylight or the length 

of shadows. “Horologium” described, moreover, the instructions for 

determining time by means of the length of shadows or the position 

of the stars in relationship to certain parts of a building. In the Eastern 

Churches, the daily prayer sequences that were fixed in writing were 

likewise called “horologium.”!° From the high Middle Ages on, bells 

or bell works, if they were used in some way as a time signal, were also 

called “horologia.” 

While the transition to the mechanical clock was not reflected in the 

language, the appearance and diffusion of clocks that struck the hours 

was regarded as an exciting novelty. As a result there was soon a host 

of differentiating descriptions for this type of clock: “horologium 
pulsatile,” “horologium horas diei et noctis indicans,” “horacudium,” 

and so on. The words for striking clocks in the non-Romance lan- 

guages make this even clearer: “clocke,” “zytglocke,” “urglocke,” and 

many others.!! The linguistic evidence therefore suggests that we care- 

fully distinguish the development of the mechanical clock from that of 

the striking clock. 

In modern usage, “mechanical clock” and “wheeled clock” have be- 

come the customary terms for the weight-driven clock with a mechani- 

cal escapement. I have adhered to this usage. Both terms are used uni- 

formly and interchangeably with the same meaning. We should, 

however, keep in mind the lack of clarity that attaches to both. The 

term “mechanical clock” emphasizes the difference to simple outflow 

clocks (water clocks or hourglasses), to clocks with no movable com- 

ponents (sundials), and to the now rare clocks based on the burning 
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of certain substances (candle clocks, oil clocks, incense-stick clocks). 

But this term also lacks distinctness because it excludes the compli- 

cated water clocks that certainly had mechanical components like gear 

trains, weights, drums, as well as elaborate automata mechanisms, and 

which in their day were considered “arte mechanica composita.” 

The antiquarian term “wheeled clock” avoids this terminological 

problem somewhat better and is close to the medieval usage, which 

frequently emphasized the iron wheels. It is, however, no less indis- 

tinct, because wheels and gears were not the specific distinguishing 

characteristic of the new clocks that appeared around 1300. Artificial, 

technical terms such as “Gewichtsraderuhr” or “escapement controlled 

clock” are also not able to entirely avoid these unclarities, and they 

pose additional problems of understanding for the layman. For all 

these reasons I have retained the colloquial terms “mechanical clock” 

and “wheeled clock.” 

“Water clock” is the generic term for all forms of this historical type 

of clock. The simple variants are also called “outflow clock” or clep- 

sydra; the complicated variants, with an inflow that is maintained at a 

consistent rate or with an adjustable outflow, are called “inflow clocks” 

or “hydraulic clocks.” 

The legendary inventors 

The now faded fame of Archbishop Pacificus of Verona (died 844) as 

the inventor of the mechanical clock was promoted above all by his 

epitaph on the Cathedral of Verona which Du Cange quoted in his 

Latin glossary. The epitaph speaks of a never-before-seen “horologium 

nocturnum,” which, according to Du Cange, was a wheeled clock. In 

the same inscription, however, Pacificus is also described as the author 

of an “argumentum” that came with the clock; apparently the text of 

this “argumentum” and the illustrations that accompanied it in the 

medieval manuscripts were no longer known in the seventeenth cen- 
tury. The text and the medieval illustrations clearly show that the “hor- 
ologium nocturnum” was an observation tube with a cross-shaped 
sighting device or scale. It was meant to be suitable for determining 
the night hours in monasteries “even without the crow of the cock,” 
but like the medieval sundials it was also to be used for calendrical 
purposes. 
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A similar confusion was created by the frequently cited notice attrib- 

uting the construction of a clock to the scholar Gerbert of Aurillac— 

Abbot of Bobbio, Bishop of Reims, Ravenna, and Rome— when he 

occupied the papal throne as Pope Silvester II (died 1003), even 

though the text makes clear that “horologium” is only a functional 

description.'* We are hardly in a position to determine whether the 

device was a water clock combined with a sighting tube for the polar 

star or an astrolabe.'* When it was used as a time-measuring device 

it could also be called “horologium.” Gerbert built a whole series of 

astronomical instruments for teaching and observation. He described 

the clepsydra as a tool for determining the equinoxes.'® But there is no 

report during his lifetime that he built a clock. Only much later 

(around 1120) do we read in William of Malmesbury’s History of the 

English Kings, which 1s not considered to be reliable, that the objects 

kept in Reims as evidence of Gerbert’s learning (which was not above 

suspicion in religious terms) included, apart from a hydraulic organ, a 

“horologium arte mechanica compositum.”!° This passage, which 1s 

revealing for the medieval range of meanings of the term “mechanical 

clock” as well as for the reception of classical pneumatics, cannot be 

readily related to Gerbert as it has no connection to Gerbert’s activities 

reported elsewhere. It is striking, however, that he is also credited — 

in a piece of information of unknown date and provenance — with the 

construction of a water clock in Ravenna (“horologium aquatile seu 

clepsidra figura”).!” Again, we find no mention of this during Gerbert’s 

lifetime. Gerbert’s reputation as an astronomer could be the reason 

why he was later also honored as a clock inventor. 

The name of the Benedictine abbot Wilhelm of Hirsau appears to- 

day but seldom in the list of possible inventors. The still-extant stone 

sphaera he constructed (around 1260) in the monastery of St. Em- 

meran in Regensburg —“horologium naturale ad exemplum coelestis 

hemisphaeri,” also “horologium nocturnalis” — was also an astronomi- 

cal instrument for teaching and observation without any mechanical 

components."® 

“Horologia” in medieval monasteries 

The sixth-century Rule of St. Benedict places responsibility for adher- 

ence to the monastery’s temporal arrangements into the hands of the 
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abbot. Either the abbot himself or a responsible brother was to “call” 

the time for the Divine Offices (chap. 47). The Rule attaches no great 

importance to the precise temporal location of the elements prescribed 

for the daily routine. Critical for the monastic arrangement of time 

was only that the monks rise on time for the nightly offices (chap. 8).”” 

The medieval monastic Rules, the statutes of monasteries and chap- 

ters, the customs (“consuetudines”), and the commentators always 

stress the special importance of this particular time and the special 

responsibility of the person charged with determining it and announc- 

ing it to the entire monastery. At the beginning of the eleventh cen- 

tury, Petrus Damianus emphasized that the neglectfulness most to be 

avoided was that of the “significator horarum,” lest the entire sequence 

of temporal arrangements (“ordo horarum succedentium”) fall into 

disarray.”° The customals for the Benedictine monasteries in Subiaco 

(fourteenth century) admonished the monks to be particularly fastidi- 

ous about adhering to this time because the entire catalogue of liturgi- 

cal duties depended on it.*! 

The Rule of St. Benedict itself does not yet mention any procedures 

or aids for determining this time. The Regula Magistri, written around 

520 and thus still contemporaneous with the Rule, mention a “hore- 

logium” that was to be assiduously observed day and night. This may 

have been a simple water clock or star and shadow tables.”? Later ver- 

sions and explanations of the Benedictine Rule frequently provide for 

the use of a “horologium.” Here we notice right away that these “hor- 

ologia” were used only at night to wake the monks for night offices or 

for determining their temporal distance from morning offices, which 

were likewise to commence while it was still dark. During the daytime 

we find no mention of their use.?> Accordingly only the person 

charged with waking the brothers, usually the sacristan (in this func- 

tion occasionally called “horoscopus”), is mentioned in connection 

with the supervision of the “horologia.” 

But not all texts of this nature, not even the majority, provide for 

the use of a “horologium.” Other means of determining the time were 

at least as familiar to the monks. Frequently mentioned and often cele- 
brated in literature was the classic waking signal of the old agrarian 
society, already important in the Bible: the cock’s crow.”* It has been 
symbolically immortalized as a wind vane on Church spires. As a mov- 
able figure it was part of the repertoire of automata of the monumental 
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clocks in later times. For example, a mechanical figure of a cock is all 
that remains of the first astronomical clock in the Minster of Stras- 
bourg. 

Another method that was cultivated especially in the monasteries 
was the observation of the course of the stars. In the fifth century, 
Cassian recommended it to the watchmen of the monastery. Celestial 

observations were collected and passed down in the monasteries. At 

the end of the sixth century, Gregory of Tours composed a short tract 

entitled On the Course of the Stars, whose sole purpose was to provide 

aids for determining the time of nightly prayers. Methods for obsery- 

ing the heavens were refined over the course of time. Some monaster- 

les put together special observation tables, which were also called “hor- 

ologium.” The cultivation of astronomy in the medieval monasteries 

found in these endeavors an important practical purpose and a compel- 

ling theoretical justification.** The cock’s crow is not a very reliable 

time indicator, and celestial observations are not possible in bad 

weather. That is why Petrus Damianus recommended that the “sig- 

nificator horarum” memorize the time required to sing the various 

psalms and in this way use himself as the time-keeping device when- 

ever necessary.”° 

Simple sundials were in use for gaining an approximate sense of the 

time during the day. They were mentioned only in early Rules, but 

numerous surviving pieces show that they were widely used.” The 

medieval type, a semicircle with segments marked off at regular inter- 

vals (figs. 5 and 6), is reasonably “accurate” on only two days of the 

year. Today these sundials are called “mass-dials” or “canonical sun- 

dials.” 
The burning of candles carefully calibrated as to length and weight 

is recommended in Rules that were influenced by the reform move- 

ment of the Benedictine abbey of Cluny as a method for determining 

the duration of night (fig. 10).?* Candles, as later sandglasses, were also 

in use outside of monasteries into the modern era as a simple way of 

delimiting short periods, as, for example, at auctions or elections.” 

Measurement specifications for such candles have survived. Candle 

clocks as a means of dividing the entire day into equal segments are 

mentioned prominently in the biographies of three medieval kings. In 

this way their daily routines became one of the many examples of their 

virtues. According to a contemporary vita, King Alfred of England 
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10. Sketch of a candle with a burning time of one hour in the margin of 
a manuscript of the Grofere Kolmarer Annalen, Stuttgart, Wiirttembergische 

Landesbibliothek, Cod. hist. 4° 145, folio 119 verso. 
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invented candle clocks in order to devote half of every day and night 
to prayer. To that end he had his workmen fashion six candles of equal 
weight and mark each one with twelve segments (of about twenty 
minutes each). The candles, protected inside a lantern on account of 

the bad weather, were supposedly lit at night and replaced every four 

hours. William of Malmesbury tells us that Alfred divided his days 

into three eight-hour segments, one each for study and prayer, official 
business, and rest.*° 

Such a setup could have worked; in the Islamic world, as well, there 

developed a rich tradition of graduated candle clocks. In Asia, gradua- 

ted incense sticks were in use into the modern period.*! It appears that 

there existed in the Middle Ages a narrative tradition about the divi- 

sion of daytime that had nothing in common with the monastic divi- 

sion of time. According to a vita of (Saint) Louis IX (died 1270), the 

king used candles approximately three feet in length to determine the 

duration of his prayers.” In her description of the exemplary arrange- 

ments of the daily routine of Charles V of France, Christine de Pisan 

reports that a twenty-four-hour candle was used for a division of the 

royal day into three parts.** Though the formal idea of an order that 

could be numerically conceptualized may have been what mattered 

most in these vitae, for our purposes what is remarkable is that the 

devices used allowed a division of time into segments or hours of 

equal length. 

During the early Middle Ages, knowledge of the mature technology 

of classical water clocks, as Vitruvius had described it, was all but lost 

in the western half of the Roman empire. The scant references lead to 

the conclusion that only very simple forms were still in use. 

From Rome Theodoric sent a sundial and a water clock to the Bur- 

gundian King Gundobad in the year 567. The accompanying letter re- 

veals that the recipient had seen such clocks in Rome and now wished 

to have them in his homeland.** Even two centuries later, the Frankish 

king Pepin still received a “horologium nocturnum” from Rome.* In 

his handbook on monastic life (around 520), Cassiodorus, who in his 

function as imperial official had drawn up Theodoric’s accompanying 

letters, praised the sundial and the water clock (“horologium aqua- 

tile”) as highly useful inventions which the soldiers of Christ should 

use in fulfilling their duties. With the help of the water clock, human 

ingenuity compensated for the imponderables of the heavenly phe- 

nomena.*° Apparently individual monasteries, following the example 
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of the Roman military, had introduced outflow clocks to divide the 

nightly watches. The ninth-century commentary on the Rules that is 

attributed to Hildemar remarks, with regard to the problem of rising 

at nighttime, that a water clock is necessary for a sensible division of 

the night. This emphatic recommendation shows that while such 

clocks were known, they were by no means used in all monasteries.*” 

Various pieces of evidence indicate that a certain technological 

change had occurred by the eleventh century. To begin with, we note 

that in the usage of the commentators the classical term “clepsydra” 

for water clocks disappears from the normative texts. Used for the last 

time in the older consuetudines of Fleury (around 1000), in the high 

Middle Ages “clepsydra” became restricted again to its original mean- 

ing of “wine or water siphon.” Only the dictionaries continued to drag 

along the word “clepsydra” with the meaning of “clock” until the fif 

teenth century. In addition, the qualifying words attached to “horolog- 

ium” — such as “aquare,” “aquatile” — disappeared from texts intended 

for practical use.*® 

Even though the “horologia” of the subsequent period were un- 

doubtedly water clocks, the disappearance of “clepsydra” indicates that 

the simple outflow clocks originally used had been gradually replaced 

by more elaborate constructions.*? In the reform statutes of Cluny 

(eleventh century), and in many of the texts directly influenced by 

them, we then hear about a clock that audibly “falls.”*° Moreover, for 

describing the erection and maintenance of the “horologia,” a termi- 

nology came into use which can no longer be related to the observa- 

tion or filling of simple outflow vessels. While we still read in the Con- 

suetudines of Fleury “custos clepsidram previdens,” in the Cluny texts 

the activities of the sacristan (secretarius, apocrisarius) as they relate to 

the clock are called “temperare,” “dirigere,” and “ordinare.” “Tem- 

perare” remains the most common word by far; in addition “regere,” 

“moderare,” and “advigilare” also come into use. 

The various developmental steps of the monastic alarm devices, 

which became increasingly elaborate, remain obscure. Ideas for techni- 

cal experiment may have come from the reading of Vitruvius, whose 

work was not a rare item in monastic libraries after the eighth century, 

and who was often quoted and occasionally copied out.*! At this time 
we cannot say whether he was only handed down as traditional learn- 
ing or whether he was also used as a technical inspiration. Given that 
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Vitruvius’s horological discussions are so difficult to understand, an 
inspiration 1s all they could have provided. We cannot prove this, how- 
ever, just as we cannot provide evidence for influences from the water 

clocks that were imported from Byzantium and the Islamic world, a 

second source of possible inspiration. 

Assuming that the chronology of the monastic codifications permits 

at least approximate conclusions about the technological development 

of the “horologia” that were used in the monasteries, additional devel- 

opmental steps took place in the twelfth century. The sources from the 

French realm provide a small piece of linguistic evidence that the 

clocks had become, in many instances, technical ensembles of several 

components. First in French belles lettres, and then also in Latin stat- 

utes, the plural (“orloges/horologia”) is used for a “horologium” as a 

linguistic mixtum compositum (as was also the case with the organ 

(“organa”). 

An important clue to a technological development is contained in 

a catalog of offices that was drawn up around roo in the monastery 

of Garsten or G6ttweig. The document is an expanded version of 

the eleventh-century Consuetudines Fructuarienses-Sanblasianae, practi- 

cal monastic texts connected to the Cluniac reform movement. We 

are told that in the evening after Compline, the sacristan is to set the 

horologium as carefully as possible. In the morning, when the clock 

“falls,” he is to rise and, if the sky is clear, verify the time against the 

stars. If the time has come for the brothers to get up, he must open 

the door to the monastery, light candles, and set the clock by pouring 

water (back?) from the smaller into the larger basin, pulling the rope 

and the lead up (again?), and then striking the bell.** The horologium 

was evidently a water clock in which a float on the dropping surface 

of the water was connected to a lead counterweight. The waking signal 

for the sacristan was acoustic, but it was not yet directly linked to the 

bell. A water clock of metal is also mentioned in the animal fable 

Yengrimm, written around 1150 in the area of Ghent.** 

In the early-twelfth century versions of the Liber usuum of the Cis- 

tercians and in a series of related texts, among them also the oldest 

statutes of the Premonstratensians, we then encounter a type of horo- 

logium that has undergone further developments. It now produces a 

pleasant sound which wakes the sacristan, but which the brothers can 

also hear. In addition, the time of night that has passed can be deter- 
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mined or read from the clock.** The sacristan had to set the clock or 

the signal mechanism, which could probably also be tripped separately, 

such that it rang at certain times. The context and the choice of 

words —“pulsare” and “signum vel horologium” — suggest that the 

“horologium” was already connected to a bell. Further evidence is also 

the shutdown of the clock in the period before Easter that is provided 

for in the statutes of the Cistercian monastery of Wettingen (thirteenth 

century).#° Moreover, on festive occasions the “horologium” became 

part of the bell ensemble. According to the regulations enacted in 1250 

in the Benedictine abbey of St. Albans, the newly elected abbot 

stepped up to the altar accompanied by much ringing of the bells — 

“pulsato classico [name of a bell], sonantibus burdones [name of a 

bell] cum horologio.”*¢ From the twelfth century on, a bell that was 

linked to a clock became a fixed part of the increasingly elaborate bell 

ensemble in churches and monasteries. 

As early as 1166 the commentary on the offices of Johannes Belethus 

mentioned the clock bell in the list of the six bell types for church use. 

In this list, which is arranged according to use — “squilla in refectorio, 

cymbalum in claustro, nola in choro, nolula vel duplula in horologio, 

campana in capanili, signa in turribus”—the clock bell assumes a 

middle position in terms of size. This terminological suggestion is far 

removed from contemporary usage. At the most “squilla,” “cym- 

balum,” and— missing in Belethus—“tintinnabulum” describe small 

clock bells, “campana” larger ones. But “nolula” or “duplula” appear 

nowhere in connection with a “horologium.” Nevertheless, the far 

more influential commentary on the offices of Guillelmus Duranti 

(1284) handed down this terminology.*” 

Up until the middle of the thirteenth century, normative texts are 

nearly the only usable sources on the monastic use of clocks. These 

texts were spread throughout Europe in thousands of monasteries. 

But does this permit us to assume also a corresponding diffusion of 

monastic clocks, even though no remains have been preserved? There 

are two conclusions we can draw from the frequent, though by no 
means universal, mention of clocks in the monastic codifications. 
When the honored and widely copied or imitated founding statutes of 
the reformed Benedictines (under the influence of Cluny), the Cister- 
cians, the Premonstratensians, the canons regular, and many other or- 
ders mention a “horologium,” we can assume either that the existence 
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of such “horologia” in the affiliated monasteries is a matter of course, 

or that the monasteries will make an effort to obtain such a device. In 

this way the mother house may have been the impulse behind the 

spread of the clock. The other possibility is that while the venerable 

texts were copied everywhere, the “horologia cadentia” or “sonantia” 

were not always taken over along with them. The picture we get from 

the sources is not entirely clear. “Horologia” were surely not common 

in Hildemar’s time (ninth century). Petrus Damianus (eleventh cen- 

tury) does not mention them. From the end of the eleventh century 

they are mentioned with increasing frequency in important texts. 

However, it is notable that the Consuetudines of the Vallumbrasian 

Order (before 1193), for example, mention a “horologium sonans” in 

discussing the waking time in winter, while later redactions return to 

the text of the Rule of St. Benedict (“iuxta considerationem ra- 

tionis”).*® How do we explain this? Reverence for the historical text? 

“Horologium” as such a self-evident object it did not need to be men- 

tioned? Bad experiences with the clock’s reliability? The Cluniac texts 

quite unequivocally do not mention the clock as the sole means of 

determining the time at night. Should the clock fail, we read there, 

the sacristan is to use candles or observe the night sky.*? And still at 

the end of the thirteenth century, the Dominican Humbertus de Ro- 

manis pointed out that while every monastery should have a clock, in 

a pinch the sacristan had to be able to wake the brothers on time 

without one.°° 

A notable reference appears in the vita of Saint Hermann Joseph 

of Cologne. He had entered the Premonstratensian monastery of 

Steinfeld in the Eifel region as a twelve-year-old handicapped boy, and 

had risen to the post of sacristan. According to the extant manuscripts, 

his vita, published in his canonization documents, was undoubtedly 

written shortly after his death in 1230. We read there that Hermann 

Joseph knew how to build a clock (“horologium instrumentum”), and 

that he was frequently asked by other monasteries to build one if they 

did not have one (“nova [horologia] ubi non erant”), or to renovate 

and reset (“distemperata iterum temperare”) existing ones.°! This piece 

of information about the first medieval clock builder known by name 

shows that even at the beginning of the thirteenth century not all mon- 

asteries possessed the technically more demanding and sophisticated 

alarm devices. 
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At the same time we can see the beginnings of a new situation. Pos- 

sessing a clock became obligatory, and maintenance of the clock was 

more rigorously inspected. In 1:98, the archbishop of Sens obligated 

the servant performing weekly duties at the cathedral to set the clock 

accurately, on penalty of a fine.*? A visitation record for the Benedic- 

tine monastery in Redon in the Bretagne took positive note in 1232 of 

the fact that a reliable clock was at hand. The cathedral chapter in York 

was rebuked for failing to properly maintain the clock (1290-1294).°° 

Clocks had thus become objects of daily use in churches and monas- 

teries of the thirteenth century, and their maintenance was a fixed part 

of the expenses of ecclesiastical administration. Like books, relics, in- 

cense, bells, vestments, and chalices, they were part of a church’s orna- 

mentation, the “ornamenta.” This emerges for the first time in a letter 

from Abelard to Heloise in 1136, in which he makes suggestions con- 

cerning the Rule and furnishings of her small oratory of the Paraclet.** 

Because such ornamentation was not superfluous but necessary, in the 

spirit of the Cistercian reform it should be as modest as possible. But 

unlike chalices or bells, clocks never became objects that were liturg- 

cally distinguished through special consecrations.** 

On the construction of medieval water clocks 

While we have numerous references to monastic water clocks in norm- 

ative texts, there is very little information about the construction and 

appearance of these clocks. To date only a single text has become 

known that can shed light on the details. It is found as a fragment only 

in one codex from the Benedictine monastery of S. Maria in Ripoll 

(Catalonia). The codex contains various tracts that are mostly astro- 

nomical in content and represent for the most part translations or ad- 

aptations of Arabic sources, as well as excerpts from Bede and a few 

texts on the astrolabe that are attributed to Gerbert of Aurillac. It is 

not entirely clear where the codex is from. At present it is dated to the 

eleventh century and attributed to a scriptorium in Lotharingia.* 

What is undisputed, however, is that the untitled fragment on the 

water clock is not based on Arab models. 

The beginning part, missing in the codex, may have contained the 
instructions on how to construct the (water)clockwork, the extant final 
part discusses the ringing mechanism and how to make the weights, 
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set the clock, and position it properly on the floor of the church.57 
What MS Ripoll 225 describes is a construction that is slightly taller 

than a man and wherein small bells (“schillae” or “tintinnabula schi- 
larum”) produce a continuous ringing for a short period at a time that 

could be set at will. This was accomplished by means of a horizontal 

shaft which was turned by a weight running through a rope pulley that 

was attached to a beam. Mounted at the ends of the shaft were discs 

with pins that alternated in striking the bells. The text leaves many 

questions unanswered. The number and possible tuning of the bells 

remain undetermined. Unclear are the shape and arrangement of the 

frame (“domus orologi”) and of the clock case (“scrinitum”) that appar- 

ently also existed. What is mentioned are water vessels and the prob- 

lems that could be caused by a shortage of water, polluted water, and 
insufficient oil lubrication; we remain in the dark, however, about the 

construction of the outflow and its regulation. The vocabulary and 

style are completely independent of Vitruvius’s descriptions. Interpre- 

ting and situating this description historically is made difficult also 

by the fact that we lack any possibility of comparison with other medi- 

eval European texts.** Only the alarm mechanism bears some resem- 

blance to the sketch of a bell work that was recently discovered in a 

fourteenth-century Catalan manuscript (fig. 11).*? Particularly note- 

worthy is the mention of two setting dials, one containing the division 

of the full day (“hore diei ac noctis”) into quarter-days, and the other 

a— otherwise unknown — division into hundredths. Noteworthy also 

is that on the setting indicators, the hours of the full day were num- 

bered consecutively (VI, XII, XVII). Functionally this clock, too, was 

an alarm, though an elaborate one. Technically it was a water-driven 

striking mechanism with cylinders and weights. The regulation of the 

clock seems to have involved the use of an unconventional and not 

otherwise known form of dividing the hours. 
The sources offer little on the development during the subsequent 

(twelfth) century. The diffusion of large water clocks is confirmed by 

an episode in the chronicle of the monastery of Bury Saint Edmunds 

(Suffolk). We are told that one winter night in the year 1198, shortly 

after the clock had “fallen,” a fire broke out in the church. Stricken 

with fear and panic, the brothers came running to fight the raging 

flames. Some fetched water from the well, others took it from the ap- 

parently sizable reservoir of the clock.® The moral of the story: Saint 
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u. Sketch of a water-clock-driven 

carillon on the verso of the last folio 

of a legislative compilation drawn up 
during the reign of King Jaume I of 

Catalonia (1291-1327). Barcelona, 

Archive of the Crown of Aragon, 

Canc., Caixes de leg. no. 2, Il. Photo 

after E. Farré-Olivé in Antiquarian 
Horology 18 (1989). 

Edmund punished the brothers if they did not carefully guard his relics 

in the church, but he also helped them by waking them with the clock 

and providing water to put out the flames. 

The often complicated regulating of the clock by means of mathe- 

matical methods is also reported in the Consuetudines of the monas- 

tery of St. Victor in Paris (after 1140).°! Here the registrar is charged 

with adjusting (“temperare”) the clock during the second half of the 

year in such a way that the portion of the night preceding Matins 

would be initially as long as the portion following it. Gradually the 

night (that is to say, the sleeping period) preceding Matins should be 

extended during the individual months, until at the winter solstice the 

sleeping period was twice as long as nighttime after Matins (that is, 

after the time Matins began). Based on the not entirely accurate prem- 

ise of a uniform increase and decrease in the length of the day, the text 

formulated a rule of thumb that was independent of what was pro- 

vided for by nature, and used only the halves and thirds of the longest 

and shortest nights as the starting units for its calculation. 

Even more complicated regulating instructions and a new variant of 

the division of the hour are contained on slate tables that were found 
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in 1894 in the ruins of the Cistercian Abbey of Villers-la-Ville in Bra- 
bant. Preparatory notes concerning the maintenance of a water clock 

were discovered on three of five pantile-like tablets; the notes were 

made between the late summer of 1267 and early spring of 1268, pre- 

sumably concurrent with the building of a clock in the choir of the 

monastic church.®* According to the notes, this was a relatively primi- 

tive type of water clock which, in keeping with the text of the Rule, 

served primarily as an alarm. The falling of the clock (“cadere”) is ex- 

plicitly mentioned. In order to compensate for the influence of atmo- 

spheric fluctuations and the decreasing water pressure, the outflow 

vessel was refilled with a measured amount of water twice a day at 

different times. In nice weather the sunlight falling through the choir 

windows served as an aid in setting the clock.®* Only the twenty-four 

letters of the alphabet appear as time indicators, never hours or frac- 

tions of hours. According to the reconstruction, the clock had a dial 

with a pointer that was driven by a float and a drum. The dial itself 

was divided into four fields numbered with Roman numerals, each 

field sporting twenty-four letter fields along the edge. Even though the 

day— which began at night, around six o’clock—was divided into 

three segments of eight hours each, one complete rotation of the 

pointer corresponded to a period of thirty-two hours. By comparing 

the sunrises indicated on the tablets for certain feast days (e.g., “Exalta- 

tio sancte Crucis diescit super N”) with the calculated sunrises for 

these days, the time value of each letter field can be calculated on aver- 

age to a third part of an hour (twenty minutes). Apart from being 

rung for waking, the bells were also sounded for the various offices. In 

addition, the text gives the duration of some of the offices, for example 

for Matins “in die Sancti Stephani tenent VII litteras” (= 2 hours, s0 

minutes). The sacristan’s sleeping time is also carefully noted; 

for example, for the Christmas season it reads “dormi decem litteras” 

(= 3 hours, 20 minutes). 

Two methods of observing the time of day were combined in Villers. 

Tracking the sunlight that fell through the windows of the church — 

which may have been constructed with this in mind — corresponded 

to a customary practice. Earlier, in the itinerary of Benjamin of Tudela, 

we read that the great mosque in Damascus had a wall with many glass 

openings that corresponded to the number of days in a year, and 

that one could read the hours of the day from a scale.* For calendric 
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purposes, such as the spring equinoxes, windows were appropriately 

placed also in European cathedrals of the Middle Ages. In the Minster 

of Strasbourg, for example, a green beam of light still today indicates 

this event over a period of six days, weather permitting. In Villiers, 

and surely not only there, the beams of sunlight flooding in through 

the windows were used for the daily regulating of the water clock. The 

puzzling thing about this clock is the otherwise uncommon division 

of the day into thirds and hour-thirds. Even more remarkable is the 

fact that the daily routine of the monks, which varied with the duration 

of daylight, was regulated in this case by means of a device that could 

indicate only intervals of equal length. 

The division into hundredths on the setting dial in the manuscript 

from Ripoll, and the clock reconstructed on the basis of the slate tab- 

lets from Villers, suggest that the methods of regulating water clocks 

according to the unequal hours by changing the outflow opening or 

by means of interchangeable dials, methods described in Vitruvius, 

were either unknown or had proved to be impractical. It would appear 

that during the Middle Ages a change was thus made in some clocks 

to regulating the passage of the unequal hours of the day by means of 

clocks that were guided, if not by hours of equal length, at least by 

artificial intervals of equal length. There is no way of knowing how 

widespread these types of clocks were, but other clues point in a similar 

direction. At the end of the thirteenth century, the late-antique tables 

that indicated the length of the day in terms of shadow measurements 

or the changing number of equal hours came once again into wider 

use. Bernhard Ayglerius, abbot of Monte Cassino, used them in his 
commentary on the eighth chapter of the Rule of St. Benedict, which 

deals with the time for rising during winter.°° 

Depictions of medieval “horologia” 

Information about the external appearance (the cases) of the large me- 

dieval water clocks comes to us from two illustrations. Around 1235, 

the architect Villard de Honnecourt, a native of Picardy, drew in his 
sketchbook a “portrait” of a “maizon @une ierloge” (fig. 12) he claimed 
to have seen in person— which means it would have been somewhere 
in the region of northern France. The probably wooden Gothic case 
with four floors and a gable permits no inferences of any kind about 
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12. Sketch ofacase foraclockinthe 13. Abbot Richard of Wallingford in 
sketchbook of Villard de Honnecourt 

(around 1235). Paris, Bibliotheque 

Nationale, Ms. fr. 19093, folio 6 

verso. Based on H.R. Hahnloser, 

Villard de Honnecourt (1972). 

front of his astronomical clock. Min- 

lature in a manuscript from the end 

of the fifteenth century. London, 

British Library, M. Cotton Nero D. 

7, folio 20. 

the technology of the clockwork, indicators, or bell works. Hence the 

comment by the editor of the sketchbook that this is the “first example 

of a wheeled clock” remains pure speculation.°? Comparable Gothic 

clock cases can be found later in the miniatures of a Brussels Suso 

manuscript (fig. 24) and in an English manuscript from the late fif- 

teenth century that shows Abbot Richard of Wallingford in front of 

his astronomical clock (fig. 13). 

Richer in detail, though difficult to interpret, is the only medieval 

European depiction of a water clock in a miniature of a moralized 

Bible that was produced around 1250 for the French court (fig. 14).°° 

The illustration is for a story handed down in 2 Kings 20.11 and in 

Isaiah 38.3. In it the Lord, through the prophet Isaiah, promises He- 

zekiah, the mortally ill King of Judah, that he will extend his life by 

fifteen years. Hezekiah asks for a sign, and Isaiah announces that the 
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14. Water clock in a miniature from a French Bible moralisee (around 1250). 

Oxford, Bodleian Library, Ms. Bodly 270b, folio 183 verso. 

Lord will bring back by ten steps the shadow on the steps of the palace 

of Ahaz, Hezekiah’s father. As he had predicted, so it happened. It is 

unclear whether those handing down the story were already referring 

to the sundial mentioned in most of the older Bible editions, or 

whether the long shadow was only a symbol for the evening of life.® 

The miniaturist has put a water clock in the place of the “horologium 

Ahaz.” 

Ever since C. B. Drover called attention to this miniature in 1954, 

its “technical” interpretation has been a matter of controversy.” Lynn 

White, Jr., points to the resemblance between the clock case and the 

drawing in Villard’s sketchbook and speculates that the clock stood 

not in a church or a monastery but in a royal palace. He interprets the 

central component as a wheel composed of fifteen metal cones con- 
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nected with each other by small openings, though the holes visible in 
the sketch “may well be schematic rather than visually naturalistic.” 

The compartments were fifteen in number because “the hora equalis 

corresponds to fifteen degrees of the equinoctial cycle,” and the wheel 

thus probably made one complete rotation each hour. The driving 

power appears to come from a weight hanging from a cord visible on 

the left, while the breaking action is produced by the slow trickling of 

the water from one chamber into the next. “Behind the braking wheel, 

and mounted either on the same axle or on one collared on to it, is a 

large toothed wheel which appears to control the striking train for the 

bells. At the left of the clock is a turbine-like wheel of vanes which is 

probably a fan-escapement to slow the action of the chime, at the strik- 

ing of the hours, by friction with the air.” Finally, he points out the 

similarity between this cone-wheel and the illustration of the mercury 

clock in the approximately contemporaneous Libros del Saber, and con- 

cludes by suggesting that this 1s the first instance of a weight drive, the 

present evidence indicating that it was a Western innovation. 

J. D. North disagrees, arguing that the fifteen chambers in the min- 

lature are probably a reference to the fifteen years of life mentioned in 

the biblical text. The so-called fan-escapement wheel is in reality a sym- 

bol of the sun, which 1s frequently depicted in the other miniatures of 

this manuscript. Finally, North maintains, White’s interpretation ig- 

nores the clearly visible animal head spout below the large wheel. The 

resemblance to the Alfonsine mercury clock is entirely superficial. 

What appear to be twenty-four teeth would indicate that the clock- 

work turned only once a day. 

There will be further attempts to interpret the illustration. For ex- 

ample, one could ask about the significance of the single bell that is 

visible at the lower left of the toothed wheel and complements the bell 

work in the upper part. The miniaturist was not a dreamer but a keen 

observer of contemporary technology. Still, one should not stretch the 

technical interpretation of a miniature from the middle of the thir- 

teenth century too far. By intent and purpose it was not a realistic de- 

piction. Hence all we shall note for the moment is that the combina- 

tion of bell striking mechanisms with large water clocks was known 

around 1250, and that its setup was possibly based on a division of the 

day into twenty-four hours. 
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Water clocks in the Islamic tradition 

The rise of Islam in the seventh century and its subsequent expansion 

created a cultural sphere that comprised the Mediterranean and the 

Near East between Spain and Afghanistan. Islam was the unifying reli- 

gion, Arabic the predominant language of science. The heyday of Is- 

lam (eighth-fourteenth centuries) was characterized, even more so 

than had been the case with the Hellenistic period, by the reception 

and assimilation of the cultural traditions within its entire sphere of 

influence. 

There is no need to recall the role that Arabic writers played in the 

transmission of the Hellenistic sciences, especially of astronomy. As far 

as the theory and technology of time-measurement are concerned, we 

must additionally take into account not only the process whereby the 

classical stock of knowledge was assimilated and developed further, but 

also the direct continuation from and development of the late antique 

traditions of skilled technical craftsmanship. What is more, consider- 

ation must be given to the traditions of the Syrians and Persians, and 

here scholarship runs into even greater difficulties.71 Also largely un- 

clear is the contribution of Arab writers to the transmission of science 

and technology from India and China to Europe.” 

It is easier to trace the Arab clockmakers who continued in a direct 

line from Byzantine mechanics. The first report of independent Arab 

clockmaking is also evidence for the relative technological backward- 

ness of Western Europe. An entry in Einhard’s Royal Frankish Annals, 

frequently copied in the Middle Ages, speaks of a gift from Sultan 

Harun-al-Rashid to Charlemagne. In the year 807, the Eastern ruler 

sent to the Western emperor a mechanical marvel, “a brass clock, a 

marvelous mechanical contraption.” The striking similarity of the fig- 

urative automata program with that of the late-antique clock in Gaza 

immediately catches our eye.7* Of course the Gorgon’s head and the 

twelve labors of Hercules from classical mythology have disappeared. 

Now a horseman emerges each hour from one of the twelve windows. 

At the same time a small bell (“cimbalum”) is struck. Variations and 

enlargements upon this figurative program, involving, among other 

things, singing birds, musicians, female slaves, and execution scenes, 

are found with many large and small Islamic clocks in the subsequent 
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period. In nearly every instance we hear of balls that fall into a basin as 
an hour signal and of a moving or revolving writing or pointing figure. 

Descriptions and building instructions for such clocks are known 

from the tenth century on. The most important are the Andalusian 

treatise on automata called The Book of Secrets about the Results of 

Thoughts (eleventh century) and The Book of Knowledge of Ingenious Me- 

chanical Devices by al-Jazari (1204-1206).”* Various Arabic tracts men- 

tion Archimedes (third century B.C.) explicitly as a precursor. A work 

by Archimedes on the construction of water clocks is, however, not 

otherwise known. Perhaps the mention of Archimedes was merely in- 

tended as a generic name that honored the Greek authorities as a 

whole. Today scholars speak of Pseudo-Archimedes.”> Heron of Alex- 

andria is also cited by Arab authors. Hellenistic theory and practice 

was thus clearly absorbed to a considerable degree. Among the compo- 

nents that were perhaps newly developed by Arab clockmakers, or pos- 

sibly taken over from East Asia, we should point out the use of water 

wheels — with experiments conducted also with sand as a flowing me- 

dium — and of scales on which the outflow vessels were mounted, a 

practice otherwise known only from China. Astronomical simulations 

with these clocks are reported also in European sources. In 1232, Sultan 

al-Ashraf of Damascus presented to Emperor Frederick II an extraor- 

dinarily precious “artificial sky” on which the course of the stars and 

the hours of the day and night could be read. One account calls this 

contraption “a marvelously fashioned tent, in which the images of the 

sun and the moon, in accord with their positions, run their courses 

and indicate unerringly the hours of the day and night.” Another ac- 

count speaks of a “golden, gem-studded astronomical heaven that con- 

tains a mechanical course of the planets.””° However, a textual varia- 

tion that is occasionally cited in books on clocks and that emphasizes 

more strongly the mechanical aspect (“ponderibus et rotis incitatae”) 

appears only in a later redaction that already dates to the time of the 

mechanical clocks.”” 
In medieval Europe, such automata from the Islamic cultural sphere 

were known only by hearsay. Often the accounts have a certain plausi- 

bility about them, as for example the tale —in a story told by Schehera- 

zade on the 357th night — of a peacock that flapped its wings and cried 

out each hour, or they are full of fantastic embellishments.”* The 
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seventh-century palace of the Persian King Chosroes I with its 

many—and probably for the most part fabled — automata provided 

the model for the literary form of the Grail. In Titwrel, attributed to 

Albrecht of Scharfenberg, we find a description of an artful heavenly 

mechanism of the Grail which, driven by a hidden “oroloei,” showed 

the movement of the stars against an artificial vault and sounded the 

seven periods of the day (that is, the Hours) on golden cymbals.” The 

author has combined the fabled oriental automata with the concept of 

the automatic ringing of the Hours, which, as far as we know, never 

existed. 

Two other aspects stand out in a perusal of the sources on the Is- 

lamic tradition of water clocks. Most of these clock automata, costly 

and difficult to maintain, were toys used for entertainment at the 

courts and in wealthy homes and to amaze visitors. Compared to the 

far simpler versions, whose explicit purpose was to determine prayer 

times, they were not widespread.*° But in addition there also existed a 

host of large public clocks, and thus possibly also a tradition of public 

time-indication that went back all the way to Byzantine times. Leaving 

aside the clock in Gaza, the oldest reference comes from a Chinese 

travel account about a golden water clock in the city gate of Antioch, 

which could have dated back to Byzantine times. It was shaped like a 

scale from which a ball dropped every hour with a ringing sound. As 

the account goes on to say: “This served to indicate the parts of the 

day without the least error.”’! In Damascus there is mention of a pub- 

lic clock on the great mosque between the tenth and fourteenth centu- 

ries; according to Ridwan, it also served to indicate the times of 

prayer.** Remains of a public clock of the fourteenth century have sur- 

vived in Fez (Morocco).** According to a Greek-Latin-Arabic inscrip- 

tion, the Norman King Roger II of Sicily also erected a device for 

indicating the hours (“opus horologii”) in Palermo in the year 1142.* 

What makes these references to public time indicators peculiar is 

also the fact that after the appearance of mechanical tower clocks in 

Europe, Islamic rulers balked at their introduction in their own terri- 

tories. Our information about the nature of the hour signal in these 

Arabic clocks is also poor. The accounts of the clocks in Gaza and Da- 

mascus emphasize that they were intended for the hours of the day 

and the night. At least during the day, the clock in Gaza twice struck 
the numerical sequence 1-6; in Antioch a signal is said to have been 
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set off every hour. The automata theater of the so-called “palace clock 

of the unequal hours” of al-Jazari was to be set into motion during the 

day at the sixth, the ninth, and the twelfth hour, and at night at the 

sixth and twelfth hour (fig. 15). The astronomical model presented to 

Frederick II supposedly indicated “the hours of the day and night.” 

This wording is noteworthy, since it later became the specific attribute 

of mechanical clocks. But in none of the mentioned forms of indica- 

tion can we detect a connection with the Muslim times of prayer. 

We are also struck by the fact that the Arabic horological tracts for 

water clocks and candle clocks describe constructions for indicating 

temporal as well as equinoctial hours without revealing a clear prefer- 

ence for one or the other. Equinoctial hours are also here parts of the 

full day or of daylight during the equinoxes, and are not yet defined by 

smaller units of time, for example, minutes.** Though E. Wiedemann 

translates the Arabic terms for temporal hours (“crooked or temporal 

hours”) and for equinoctial hours (“uniform hours”), he does not 

explain which reckoning of the hours was in use when and for what 

purposes. 
A use of equal time segments that was due solely to the technical 

exigencies of clock construction, as is likely for the clock described in 

MS Ripoll 225 and for the clock reconstructed from the slate tables in 

Villers-la-Ville, can be ruled out in this case, since the simple float- 

scales in outflow vessels also show both ways of counting.*° We can 

thus surmise that in the Islamic sphere, unlike in Western Europe, 

both forms of counting the hours were in use throughout the entire 

Middle Ages, and that in individual cases equal hours may have also 

been publicly indicated. It must remain open, however, whether and 

to what extent this simultaneous use of two ways of counting the 

hours was in use also outside of learned circles. 

Astrolabe and time-measurement 

While we can only conjecture about the significance of Islamic im- 

pulses for the development of European water clocks, the key role that 

Islamic authors and builders played in the introduction of the astro- 

labe—the most important innovation for medieval astronomy and 

time-measurement— to central Europe can be traced much better and 

has been more thoroughly studied.*” 



15. Viewing side of a water clock of al-Jazari according to a thirteenth- 

century manuscript. Istanbul, Library of the Topkapi Serail. Based on A. J. 
Turner, Waterclocks (1984). j 
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The astrolabe, the “star grasper,” is a combination calculation, dem- 

onstration, and observation instrument. Its construction is based on 

the stereographic projection of points and lines of the imagined celes- 

tial sphere onto a disc. A circular backplate (“mater”), usually of brass, 

with a sighting device on the back carries a plate (“tympanon”) with 

engraved coordinates and base circles (horizon, meridians) of the visi- 

ble celestial sphere, taking into account the geographic latitude of the 

place from where the observation is made. A movable, openwork skel- 

etal plate (“rete”) that is concentrically attached over the plates indi- 

cates the position of prominent stars. The altitude of a star is deter- 

mined with the help of the sighting device and the scales on the back. 

Then the rete is rotated over the plate with the co-ordinates until the 

observed position of the star matches the corresponding markings. A 

host of different astronomical calculations can then be carried out for 

any point in time. By means of hour lines one can also read the time 

of day of the observation according to unequal hours or convert un- 

equal into equal hours. 

Stereographic projection has been known since Hellenistic times; 

in the second century A.D., Ptolemy used the adjective “astrolabic,” 

explained the theory of the projectors for practical astronomy, and 

combined them with a time-measuring device that made possible the 

reckoning of the hours of the night with the help of the position of 

fixed stars. Prior to that the use of an astrolabe dial to simulate astro- 

nomical constellations on a water clock had been described by Vitruv- 

ius. Astrolabes and instructions for using them were known in Byzan- 

tium and Alexandria in the sixth century, whence knowledge of the 

instruments spread quickly throughout the Islamic sphere and thence 

all the way to India. Arabic authors were the first to praise Ptolemy as 

the inventor of the astrolabe, which was used for horoscopes, for the 

calendric reckoning of the month of fasting (which depended on the 

position of the moon), and for the times of prayer (which depended 

on the sun). In the Orient the astrolabe became an attribute of wisdom 

and power; according to a ninth-century Arab author, scholars and 

kings used water clocks at night and sundials and astrolabes during the 

day. The “muwaqgqit” (calculators of the hours of prayer) employed at 

the great mosques used astrolabes as late as the twentieth century.** 

In connection with the constructional advancement of the astrolabe 

in the Islamic sphere, we should call attention to a sideline of the devel- 
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opment whose connection with the classical mechanical simulations 

has not been entirely clarified, but whose importance for the history 

of astronomical clocks is obvious. Around 1000, the Arab constructor 

al-Biruni speaks of a gear with toothed wheels that is to be mounted 

on the back of the astrolabe dial and serves to depict the orbit of the 

sun and the moon as well as the phases of the moon that are so critical 

for the Islamic calendar. The Science Museum in London has an astro- 

labe on whose back is a similar, somewhat simpler “calendar com- 

puter” (D. J. Price) with toothed wheels; the instrument was built in 

Isfahan in 1221/1222.8? Within the tradition of astronomical mechaniza- 

tion, which reaches back via Islam into Hellenistic times, another ele- 

ment of the possible pre-history of mechanical clockworks has thus 

been documented. 

Knowledge of the astrolabe reached Western Europe through Arab 

authors and through the numerous instruments that were imported 

throughout the Middle Ages. All of the oldest extant specimens come 

from the eastern Islamic realms. The Arabic texts, on the other hand, 

made their way to Europe via translations made in Spain. Here the 

astrolabe is occasionally called “horologium regis Ptolomei” after its 

Greek origins — Ptolemy having been promoted to the status of a king 

of Egypt—or “horologium secundum Alcoran” to reflect the Islamic 

provenance of both the texts and the instruments. In a foreword to a 

late-tenth-century Latin tract on astrolabes, astrology is defended and 

emphasis placed on its importance for a performance of the mass that 

is conscientious and exact in regard to time. Every cleric, we read, 

should learn to calculate (““computare”) past and future times (of the 

date of Easter, for example), and the hour-watcher (“horoscopus”) 

needed sundials (“horologia gnomonis”) and astronomical instru- 

ments to perform calendric calculations and determine the time of day. 

The reader is advised to study also the books of Ptolemy and the clocks 

of Vitruvius, to the extent permitted by the censorship of the Holy 

Church. This foreword, which has survived in several collections of 

older tracts on the astrolabe, including MS Ripoll 225, is to my knowl- 

edge the only instance where Vitruvius’s descriptions of clocks are ex- 
plicitly referred to in the Middle Ages as instructions for building 
clocks.*® How did the Christian translator come to know these texts? 
A tract on the usefulness of the astrolabe, produced in the circle of 

Gerbert of Aurillac’s students, describes it as an instrument of astron- 
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omy, which one could also call the art of measuring time (“horologica 

disciplina”). With its help one could construct accurate sundials for 

any latitude, and determine the equal and unequal hours (“horae natu- 

rales vel artificiales”). Both things were important for mass, for spiri- 

tual exercises, and for the elimination of false clocks (“pseudohorolog- 

iae”).°! The first instructions on how to construct and use an astrolabe 

that were usable and important for the spread of the instrument in 

Europe were produced in 1045 by Hermann the Lame, a monk from 

Reichenau. Among other possible uses, he also suggests the astrolabe 

for the construction of portable sundials (“horologia viatorum”). His 

vita therefore praises him as an instrument builder and clock con- 

StMICtOn.~ 

The spread of astrolabe tracts that we can observe since the end of 

the eleventh century reveals the importance of this instrument as a sci- 

entific and practical innovation in astronomy. All astrolabe tracts have 

sections on the conversion of equal into unequal hours and vice versa. 

The astrolabe did not, however, become an everyday time-measuring 

device. Theologians could not ignore its proximity to astrology; they 

considered it a tool of the devil and frequently also evidence of un- 

seemly theoretical curiosity. Though it was used in monasteries, it 

never got to the point where it was mentioned in the texts of the Rules. 

Thomas Aquinas did not approve of its ecclesiastical use: “The Church 

does not strive for restriction through clever study of time. One does 

not need to use an astrolabe to know when it is time to eat.”’? Since 

the use of the astrolabe required only a little astronomical knowledge, 

an increasing number of scholars were able to determine or convert 

points in time or time periods. A miniature in a psalter for a high- 

ranking lady, later identified as the French Queen Bianca of Castille, 

shows around 1220 a noble user with an astrolabe and a looking tube 

(fig. 16). One helper is assisting with a work in Arabic letters, presum- 

ably a star chart, while a second one enters the results into a Latin 

book.** The infrequently documented use of this time-measuring de- 

vice remained limited to astronomical and physical events (eclipses, 

earthquakes, and the like), and in these instances, too, one must not 

overestimate the extent of empirical observations and the accuracy at- 

tained.°> Among these rare references are two accounts by Walcher, 

prior of the Benedictine Abbey of Great Malvern in Worcestershire. 

Walcher reports observing the lunar eclipse on October 30, 1091, in 



16. Miniature in a psalter for a noble lady (beginning of the thirteenth cen- 
tury). Paris, Bibliotheque de PArsenal, Ms. 1186, folio 1 verso. An astronomer 

with a sighting tube in his hand is taking the bearings of a star with the alidade 
of the astrolabe. One assistant is holding a book with Arabic ciphers (a star 
table?), another 1s writing the results into a Latin book. 



81 

DEVELOPMENT OF THE WHEELED CLOCK 

Italy, expressing his regret that he had no “horologium” available for 
accurately determining the time. The following year in England, he 
fixed the lunar eclipse on October 18 with the help of an astrolabe.%* 

The astrolabe as the earliest analog-computing device in the history of 

European science and as a new kind of timekeeper was gradually dis- 

placed in the thirteenth century by the quadrant, which made time- 

reckoning easier but hardly permitted any astronomical calculations,” 
and from the fourteenth century on by the mechanical clock. 

The “mercury clock” in the Libros del Saber 
de Astronomia (1276) 

The Arabic, Jewish, and Christian scholars, physicians, astronomers, 

and technicians whom King Alfonso X (the Wise) of Castille and Leon 

gathered together at his court in Toledo produced a series of works 

that were of great importance for various branches of the history of 

European science. The king not only had Ptolemy’s major astronomi- 

cal work, the Almagest, newly translated; he was also the impulse be- 

hind the publication of the Alphonsine Tables, which were, as far as their 

subsequent influence is concerned, the most important astronomical 

charts of the Late Middle Ages.* Of interest to us is that these tables 

consistently use the sexagesimal division, by which the degrees of arcs, 

days, and hours were divided into minutes, seconds, and “terciae.” The 

most important division are the “minutae diei,” each of which, ac- 

cording to an attached conversion table, corresponded to “2 minutae 

30 secundae horarum.”? An equal hour thus corresponded to “24 

minutae diei.” Despite the ambiguous terminology, the rapid and 

broad diffusion of the tables must have promoted knowledge of the 

hour-minutes and hour-seconds in learned circles. 

The Libros del Saber de_Astronomia are a collection of sixteen tracts on 

astronomy and related fields that King Alfonso commissioned in 1276. 

The tracts are in part translations from Arabic, in part newly written 

works on the basis of Arabic models.!°° The aim of the collection was 

to make the treasures of Islamic science accessible. The fourth part of 

the collection contains five books with descriptions of various astro- 

nomical instruments and clocks. It can be seen as a kind of summary 

of Islamic horology, which was to be made known 1n Christian Europe 

as exemplary and superior. 
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17. Drawing of the “mercury clock” in the Libros del Saber de Astronomia 
(1276). After M. Rico y Sinobas, Libros del saber de Stronomia del Rey Don Alfonso 

X de Castilla (Madrid, 1863-66). 

The sections of the collection dealing with sundials, water clocks, 

and candle clocks remain within the tradition of Islamic clockmaking, 

some interesting details notwithstanding, among them the “Palace of 

the Hours,” a sundial in the form of a building. Only in the description 

of a mercury clock, “relogio del argent vivo,” do we encounter a re- 

markable attempt to solve the problem of a uniform drive. For the 

design of the clock, the author, Rabbi Isaac ibn Sid, refers to principles 

from a (lost) work of Heron of Alexandria (third century B.c.) on 

how to lift heavy objects. The clockwork consists of an annulus of 

twelve chambers separated by partitions, with the chambers connected 

through small openings in the partitions (fig. 17). Half of the chambers 

should be filled with mercury and the wheel mounted on a shaft. The 

large wheel is turned by a weight attached to a chain, whereby the 

descent of the weight 1s slowed by the inertia of the heavy mercury as 

it percolates slowly from one chamber to the next. According to the 

author of the treatise, the task of breaking the descent of the weight 

would be solved optimally if the contraption could be balanced such 

that the large wheel makes “a complete revolution in a day and a 
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night —no more and no less —just as the ninth heaven makes to pro- 
duce day and night.” If the wheel turned more quickly, the movement 

could be slowed as required by a lantern pinion. 

Concerning the construction of the clock, the text refers to experi- 

ences with the building of Arabic water wheels and mill-wheels. The 

use of mercury, whose viscosity — unlike that of water — hardly varies 

with the ambient temperature, had been mentioned by Chinese, In- 

dian, and Islamic constructors, and it also appeared in medieval proj- 

ects for a perpetuum mobile.!°! But in spite of the similarity of the 

compartmented annulus to the central element of the water clock in 

the French moralized Bible (fig. 14), it is quite unlikely that such a 

mercury clock was ever built. A modern attempt at reconstructing 

it has shown that, quite apart from problems with the material and 

corrosion, a sufficiently accurate and reliable operation of such an as- 

sembly is not possible. We are thus dealing merely with a suggestion 

of how one might gradually approach the solution to the problem of 

a continuous drive. It apparently made no impact at all. The text has 

survived 1n very few manuscripts and was translated only once, in 1341 

into Italian in Florence.'°? We have no knowledge, however, of the 

actual existence of such contraptions during the Middle Ages. Only 

Leonardo da Vinci mentions mercury again as a flowing medium. The 

concept of the “compartmented cylindrical clepsydra” was not picked 

up again until the sixteenth century, and water clocks were built on 

this principle until the end of the eighteenth century. '°° 

The works of the mercury clock were intended to move an astrolabe 

dial that was to rotate “as though by itself,” and from which one could 

read the position of the starry sky and the unequal hours of the day 

and night. An auxiliary mechanism (not described) with twenty-four 

pins was to set off a striking mechanism with small bells. It would have 

necessarily rung the equal hours, but a continuous series of signals was 

apparently not intended in the first place, for the author remarks that 

one could ring the bells at whatever hours or segments of the day 

one chose.!°4 
Once again we observe a contradictory juxtaposition of technologi- 

cal developments and technical designs.!°° Assuming a uniform speed 

of the clockwork, it is entirely possible to read the unequal hours by 

designing the astrolabe discs or the scales correspondingly. It is also 

possible to sound an acoustic signal at a specific time. By contrast, the 
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continuous mechanical-acoustical indication of the unequal hours is 

hardly possible with the envisaged clockwork designs. 

The “Heavenly Clockwork” 

When Jesuit missionaries at the end of the sixteenth century brought 

clocks as gifts to Japan (after 1551) and China (after 1584), these “self- 

sounding bells” were marveled at in those countries as convincing 

proof of European inventive ingenuity and scientific-technological su- 

periority. The Jesuits made use of this and in subsequent years used 

complicated clocks and trained clockmakers at the Asian courts as tools 

for the “propagatio fidei per scientias.”!°° 
The European image of China, characterized by a low opinion of the 

Chinese sciences and a view of Chinese technology as barely capable of 

development, has its origins in these reports of the Jesuits; its after- 

effects carried over into our time.!°” These reports also spoke of the 

Chinese technology of time-measurement, which at the time suppos- 

edly knew only poorly functioning water clocks apart from antiquated 

sundials. The Jesuits could hardly have arrived at a different judgment, 

since by this time the important tradition of Chinese water-clock tech- 

nology had been practically forgotten, that is to say, it could be ac- 

cessed only in obscure books. 

In 1954, in the first volume of his monumental history of Chinese 

science, Joseph Needham still called the mechanical clock the last spe- 

cifically European invention that was imported into China.!°° A few 

years later, after the rediscovery of a host of medieval accounts and 

their examination — jointly with Wang Ling and D. J. Price—had led 

to a complete revision of the history of Chinese timekeeping, he re- 

tracted that assertion. Since then the now recognizable tradition of 

complicated water clocks in China has given rise to a renewed, inten- 

sive scrutiny of Islamic and European sources and to a no less inten- 
sive discussion.1° 

Needham and Price believed they had found the missing link in a 

chain of evolutionary technical development stretching from ancient 

water clocks to the mechanical clocks of the European Middle Ages. 

They concluded that the mechanical clock as a timekeeper was a par- 

tially misused, primitive offspring of the drives of the great astronomi- 
cal clocks of medieval China, in the words of Price, a “fallen angel from 
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the world of astronomy.”"!° The main source for this hypothesis is the 
description of a large astronomical clock that was completed for the 
Chinese court in the year 1092 A.D. A tall wooden tower, more than 

ten meters high, housed an entire ensemble of automata. Set in motion 

were, among other things, an armillary sphere (an instrument for de- 

picting certain planetary orbits on a globe made of rings), a celestial 

globe, and a drum with a procession of figures and automata that gave 

aural and visual indications of calendar dates and the time of day ac- 

cording to hours and quarter-hours. 

The driving force for this heavy machinery came from a large water 

wheel (about three meters in diameter) with thirty-six buckets. The 

buckets were attached to the spokes of the wheel by means of short, 

pivoted arms which acted as counterweights. From a reservoir, main- 

tained at a constant level, water poured at a uniform rate into one 

bucket at a time. Once the bucket was filled, it was pulled down by its 

weight and tripped a scale-like stop mechanism which blocked one 

spoke at a time during the filling processes and prevented the recoil of 

the wheel. The wheel then rotated slightly “clockwise” and was again 

blocked. The functional principle behind this escapement, which was 

called the “heavenly scale,” is shown in a sketch by D. Penney (fig. 

18).'!1 Additional regulating mechanisms, on the water outflow, for 

example, were not necessary. 
Two systems of equal “hours” had been in use in China from as 

early as the second century B.c. The only disadvantage was that it was 

impossible to “reconcile” them. The full day was divided either into 

one hundred “quarters” (each being equivalent to 14 minutes, 24 sec- 

onds), or into twelve equal (double)-hours, which were linked with 

the astronomical succession of the signs of the zodiac. Sometimes the 

double-hours were divided into a first and second half. This second 

system may have been adopted from the Babylonians, whereas the first 

is considered to be authentically Chinese. In addition, the night was 

divided into five night-watches of variable length.'!* In Japan, by con- 

trast, the unequal hours were kept. They were abolished only on Janu- 

ary I, 1873, in conjunction with the introduction of the European cal- 

endar.!3 The time it took to fill a scoop and trip the mechanism on 

the great astronomical clock probably corresponded to the length of a 

Chinese quarter-day, which means that over the course of a full day 

the clockwork was noisily set into motion one hundred times.* 
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18. Reconstruction of the escapement mechanism of the “Heavenly Clock- 

work.” Based on A. J. Turner, Waterclocks (1984). 

This astronomical clock was the highpoint and presumably also the 

end of centuries of “collective developmental work” on water-driven 

“heavenly machines” in the Chinese empire, work that reached into 

the time of the Sung dynasty, whose rule has been compared with the 

European Renaissance. A few comments on this development: simple 

water clocks had already been known in China—as in Egypt—1in ar- 

chaic times. Perhaps they were imported from Mesopotamia. From 

the second century B.c. on, inflow clocks with floats and scales were 

in use, and beginning in the seventh century A.D. we hear about mod- 

els with foliots and weights. In smaller models for shorter intervals, 

experiments were also conducted using mercury. From this time, at 

the latest, public devices for indicating time were maintained.!'> An 

Arab traveler reported in the ninth century on water clocks with scales 

in city bell-towers.''® Following the Chinese model, bell-towers with 

water clocks existed also in the large cities in Japan. In Korea in the 

fifteenth century, elaborate water clocks were constructed for astro- 
nomical-calendrical observations.!!7 

In China the tradition of water-driven astronomical models went 

back to the time of Christ’s birth. Needham thinks Greek and Byzan- 
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tine influences are a possibility, though they cannot be proved. As 
Needham and his collaborators have plausibly demonstrated, the es- 
capement type I have described for the “Heavenly clockwork” was de- 
veloped in the eighth century, and from that time on a whole series of 
large automatic globes and armillary spheres were built in China. The 

word “development” seems appropriate here because the descriptive 

texts refer to each other, discuss known construction flaws, try to make 

improvements at the next attempt, and so on. The “heavenly clock- 

work,” completed in 1092, is said to have been in operation for a few 

decades. In the subsequent period similar but increasingly simpler au- 

tomata works without difficult astronomical simulations were built. 

Needham and Price have interpreted this as a process of devolution, 

in which the water-clockworks more and more seldom drove astro- 

nomical automata, and in which the measurement and indication of 

the time of day was left as an atrophied remnant of an important tech- 

nological tradition. The image of the “fallen angel” transfers this devo- 

lution model to European history. Though Needham and his collabo- 

rators emphasize the political and social significance of astronomy and 

calendric sciences for the Chinese imperial dynasties, they did not in- 

vestigate the social function of everyday timekeepers. In this regard 

their thesis of time-measurement as a derivative, atrophied remnant of 

an ingenious technology remains untested. 

The great waterwheel connected with the “heavenly clockwork” was 

surely a functionally appropriate device, whose main advantage was 

that it drove and regulated a complete ensemble weighing several tons. 

The result of a long series of preliminary tests, it probably worked 

reliably as long as the requirement of continuous and careful mainte- 

nance — by no means a given—was met. In terms of the mechanical 

details, one can see the solution as an independent contribution to the 

escapement problem; the escapement can be described as “mechanical” 

and the clock as an “escapement clock.” However, it is not evident 

why this clock should be the “missing link” in the history of European 

horology. The principle of the Chinese escapement is pivoting balance 

levers that stabilized a stop-and-go motion. The principle of the Euro- 

pean escapement, which employs the centrifugal force of an oscillating 

inert mass, does not resemble it in any way whatsoever. For that reason 

David Landes has called the Chinese development “a magnificent 

dead cid 
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Apparently Europe had no knowledge of the Chinese escapement. 

The faint external resemblance between the Chinese spoked wheel and 

the central, circular component in the French miniature of the moral- 

ized Bible is the only weak argument to the contrary. The obvious 

differences and incomparabilities have led J. Needham and D. J. Price 

to formulate a kind of ersatz hypothesis: reports about Chinese astro- 

nomical clocks with usable escapements, possibly transmitted via the 

Islamic world, provided a stimulus (“stimulus diffusion”) to European 

clockmakers who, driven by an imitative instinct while simultaneously 

possessing insufficient technical information, set to work on the es- 

capement problem themselves and eventually came up with their own 

solution. This attractive thesis has two disadvantages: first, it shifts the 

burden of proof into the area of intercultural exchange processes in 

the Old World, an area that is diffuse and will never be fully elucidated. 

It cannot be proved, but neither can it be refuted. As a substitute 

J. Needham offers colorful but not very helpful speculations: stories 

may have traveled via caravan, in which case the quality of the informa- 
tion would have undoubtedly suffered; or this counterfactual scenario: 

a Chinese scientific delegation around 1250 spared the constructors in 

Europe “a good deal of trouble,” and so on.'!? Moreover, Donald Hill 

is surely right in saying that we haven’t even begun to understand 

the direction and chronology of possible “stimulus diffusions” be- 

tween the Islamic, the Indian, and the Chinese spheres.!?° Second, this 

thesis fails to accomplish precisely what it is supposed to for “scien- 

tific universalism.” It does not situate the seemingly sudden and 

surprising appearance of a superior technological variation—in the 

figurative sense: the invention— within the concept of an evolution- 

ary process, in which scientific-technological progress appears as the 

product of common efforts among various cultures, possibly non- 

contemporaneous but all aiming in the same direction. Quite apart 

from the problem of “stimulus diffusion,” there are strong clues that 

the problem of suitable drives and regulators for astronomical simula- 

tions or clocks was being worked on in Europe at the end of the thir- 

teenth century. European water clocks were apparently not suitable for 

this purpose. The only question, then, is whether we should in fact 
look for the development of the mechanical escapement in the realm 
of astronomical mechanization. 
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“An impending invention” 

The era of the water clock came to an end in Central Europe in the 

second half of the thirteenth century. While complicated water clocks 

continued to be built during the fourteenth century in the Islamic 

sphere (all the way to Spain) and in China, the slate tablets from 

Villers-le-Ville (1266-1267) are the last evidence for a European monas- 

tery clock that was unquestionably a water clock. To be sure, scholars 

and engineers continued to take an interest in the old water-clock texts, 

but we hear nothing about practical results.1?! The replacement of hy- 

draulic by mechanical clockwork drives, that is, the technical innova- 

tion brought about by the mechanical escapement during these de- 

cades, has left no traces and can thus be dated only very approximately. 

Around 1240, William of Auvergne, Bishop of Paris, compared na- 

tural and artificial bodies with respect to the independence of their 

parts and their movements. As an example for “artificia” he gave the 

water clocks with weights that were used by the astrologers.!*? Even if 

astrology and astronomy were at this time concepts that were hard to 

separate, William is surely not talking about the monastic use of clocks. 

Though the bishop’s comparison is only didactic in purpose, he did 

not think much of these clocks. They ran only for a short time and 
required frequent interventions to regulate and repair them. Not too 

much later we find comparable comments. In a letter about the mag- 

net, the military engineer Peter de Maricourt (Petrus Peregrinus) re- 

ported in 1269 that work was being done in many places on the prob- 

lem of the perpetuum mobile, a technical vision that had come from 

India and was much discussed in the thirteenth century.'*? His sug- 

gested solution to this problem was to mount a magnetic globe — simi- 

lar to an armillary sphere — parallel to the celestial axis. If it were pos- 

sible to mount it without friction, it would turn precisely in accor- 

dance with the celestial rotation. One would then no longer need a 

clock, because one could read the astronomical dates at any given hour, 

just as the astronomers/astrologers wanted.'*# 

In 1941, Lynn Thorndike published a brief text that is highly note- 

worthy for the history of mechanical clocks.'7° It is a commentary in- 

sertion by Robertus Anglicus in a standard astronomical textbook for 

courses on astronomy at universities, Johannes de Sacrobosco’s De 
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Sphera. In discussing how cumbersome the reckoning with equal and 

unequal hours was, Robertus remarked that to this day (1271) there 

was no clock that met the needs of astronomy. So far, clockmakers 

had been trying in vain to construct a wheel that turned precisely in 

accordance with the equinoctial circle (that is to say, the movement of 

the equinoctial point around the earth during a full day). Should their 

experiments succeed, one would have a correct and good clock, one 

more suitable for determining the equal hours than the astrolabe or 

other astronomical instruments. 

Robertus then contributes his own suggestion: a wheel of uniform 

weight throughout should be turned by a suspended lead weight such 

that it performed exactly one rotation from one sunrise to the next. 

The shifting of this point in time by one degree every day (that is 

to say, the difference between sidereal time and solar mean time)!*° 

should be regulated with an astrolabe. This text states explicitly that 

there were efforts under way among clockmakers or instrument con- 

structors — who are for the first time mentioned as a group — to equip 

astronomical instructional and observational devices with an uniform 

drive, something water clocks evidently could not provide. Like Petrus 

de Maricourt earlier, Robertus Anglicus contributed a suggestion that 

is interesting in theory but of no practical use. 

According to Thorndike, this brief text is a terminus ante quem non 

for the invention of the mechanical clock. For if a suitable regulating 

mechanism had been known, Robertus would not have made his sug- 

gestion; the authors of the Libros del Saber would undoubtedly have 

mentioned it. It would appear from this evidence that the invention 

was around the corner, and Thorndike speaks of the “impending in- 

vention.” But we cannot fail to note that the champions of astronomy 

were not thinking in the least of a mechanical escapement. Their 

“dreams” went into an entirely different direction as they pondered 

the possibilities of the technical realization of a perfect rotation that 

simulated the movements of the starry sky. Peter de Maricourt wanted 
to use the rotation of the earth, the magnetic stone (relatively new in 
Europe), and frictionless mounting. This suggestion, oriented on the 
idea of a floating compass needle, can be reconstructed, but it is not 
suitable as a drive. Robertus Anglicus sought to balance a weight drive 
perfectly; but even without any knowledge of the laws of falling bodies 
and of inertia, he could have easily ascertained that the rotation of a 
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drum would inevitably accelerate. These designs were utopian arm- 
chair technology, as far removed from the possibilities and experiences 
of European water-clock technology as they were from the solutions 
for an escapement devised in China two centuries earlier. Nevertheless, 

it is possible that Robertus Anglicus was right in what he said about 
the fruitless attempts of clockmakers or constructors. Perhaps they 

were experimenting around 1270 with the problem of drives for astro- 

nomical simulations. Such simulations did exist, even if we know little 

about them. Let us recall the costly present to Frederick II (1236), 

the astrolabes with gear drives, the armillary spheres mentioned by 

Petrus of Maricourt, and finally an extravagant planetary gearing that 

showed the equal hours (though we know nothing about its drive) — 

the “Opus quorumdam rotarum mirabilium quibus sciuntur vera loca 

omnium planetarum et etiam hore dierum ac noctium” that was de- 

scribed around 1300.!27 

Even though the influence of Islamic science on European astron- 

omy reached its zenith in the thirteenth century, when it came to em- 

ploying or adopting hydraulic drives for such instruments Europeans 

hesitated or had to struggle with problems. Perhaps these drives were 

not reliable if put to a different use. Perhaps the European instruments 

were too complicated and too heavy. One modern argument that 1s 

often heard in this context is that the hydraulic drives were unsuitable 

because of the freezing temperatures in the northern latitudes. The 

argument is attractive by virtue of its simplicity, but it 1s not convinc- 

ing. For how could there have been a three-hundred-year tradition of 

water clocks in the monasteries—which used these clocks precisely 

during winter nights — if the instruments were unsuitable? The reason 

why the tradition of hydraulic drives came to an end can only be con- 

nected with rising demands as to reliability—as would have been de- 

manded by the astronomers — or mechanical efficiency. 

If one tries to push the above-mentioned terminus ante quem (ca. 

1330) for the appearance of the mechanical escapement back chrono- 

logically, the sources concerning technical questions become some- 

what clearer, albeit not clear enough for a dated development of the es- 

capement. 
An inventory of Charles V of France, drawn up in 1380, mentions a 

clock that supposedly belonged to Philip IV the Fair (died 1314). Fash- 

ioned entirely of silver without any iron, it is described as having two 
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silver weights that were filled with lead. We believe we can recognize 

a mechanical clock and learn that such clocks were normally made of 

iron. The Chronicle of the Dominican monastery of St. Eustorgio in 

Milan also emphasized, under the year 1306, the procurement of an 

iron clock.!?8 Larger quantities of iron, metal, and charcoal were deliv- 

ered to the weapons smith Gilebert de Louvre —he lived next to the 

palace — in the summer of 1301 at the expense of the royal treasury. He 

was to use them to make a clock (“opus quorundam horologiorum”) 

which the king wanted to give to the new abbey in Poissy.'*? Black- 

smith’s work (“un pieche de fer as orloges”) was also paid for in 1300 

at the Castle of Hesdin, where the Counts of Artois were setting up a 

kind of medieval amusement park with numerous musical automata, 

trees that rained water, and other machines (“engins d’esbattement”), 

the sort of things known previously only from oriental accounts.'*° 

References to new technological developments are also found in lit- 

erary sources. In a well-known passage in the portion of the Roman de 

la Rose that was composed by Jean de Meun between 1275 and 1280, 

the hero tries to bring a statue to life by means of various musical 

instruments, one of which is called “orloges.”!*! The reference to art- 

fully arranged wheels probably concerns a bell work; their ceaseless 

motion can be understood as a reference to a mechanical drive, though 

this conclusion does not emerge conclusively from the text. A 

fifteenth-century manuscript of the Roman de la Rose places one of the 

fairly new chamber clocks among a collection of musical instruments 
(fig. 19). 

Classic evidence for the appearance of mechanical clocks is two ex- 

tended metaphors in Dante’s Divine Comedy, which he completed be- 

tween 1315 and 1321. In the horological literature they are frequently 

regarded as the first descriptions of mechanical clockworks.!%? The first 

scene is a typical monastic waking situation, elevated through the mo- 

tif of the heavenly wedding. Benvenuto da Imola’s great Dante com- 

mentary, which he finished in 1380, imparts a worldly nuance to the 

scene by relating it also to the scholars’ pre-dawn period of study. 

Dante describes an alarm mechanism in which we can recognize move- 

ments in opposite directions (“tira e urge”). The waking signal (“tin 
tin”) is an Onomatopoeic description of the repetitive striking of a 
small bell.'*? A second passage describes the wheelworks (“cerchi”) of 
a small clock (“oriuolo”), and what mattered to Dante here were the 
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19. Roman de la Rose, miniature in a manuscript written around 1420. Valen- 

cia, Biblioteca de la Universidad, Ms. 387, fol. 141. 

very different rotational speeds (“il primo .. . quieto pare, e Pultimo 

che voli”). Though these verses also describe a clock, they can be re- 

lated much better to the action of the mechanical striking mechanism 

that was connected to the clockwork. Nonsensical is the notion, com- 

mon in modern Dante commentaries, that the clockwork was driven 

by a sequence of interlocking wheels, the fastest of which was regu- 

lated by a wheel of wind vanes.'** Such an arrangement was never 

found in clockworks, but always in striking works. The scene and the 

choice of words also rule out the interpretation by Landes, according 

to whom Dante was reporting a technological sensation with pride 

and excitement. On the other hand, there is no reason to share Lynn 

White Jr’s skepticism and doubt that Dante was already thinking of a 

mechanical clock for the simple reason that while we do read about 

gears, there is no mention of an escapement.'** Dante is speaking, in 

a conventional scene, of a monastic alarm, which was undoubtedly 
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common by his time. He apparently did not notice that this machine 

differed from its precursors in one important technical detail. 

The first indications for the adoption of the equal hours outside of 

astronomy, that is to say, for the waning of the binding force of the 

Hours also in the sphere of the Church, come likewise from the begin- 

ning of the fourteenth century. Dante briefly describes the equal hours 

in his work Convivio, but he still says that they are common among the 

“astrologi” (III.6 and IV.23); he also does not connect them to clocks. 

In contrast, the title and form of the best-known Book of Hours from 

the fourteenth century shows the gradual penetration of the new hour- 

reckoning made possible by the new technology. The Horologium Sapi- 

entine (around 1334) by Heinrich Seuse, a Dominican friar from Con- 

stance, divides the didactic material into 24 “materiae” and briefly talks 

about the title in the prologue: 

So the mercy of the Savior deigned to reveal this present 

little book in a vision, when it was shown as a most beauti- 

ful clock, decorated with the loveliest roses and a variety of 

well-sounding cymbals, which produce a sweet and heavenly 

sound, and summon the hearts of all men up above.'*° 

The text 1s framed as a dialogue between Sapientia (divine wisdom) or 

Temperantia (the virtue of moderation) and their servant, the author. 

In the fifteenth century it gave rise to the most important illustrations 

of clocks in medieval miniature paintings (figs. 24 and 31). Even if the 

“rosis speciosissimis” in Seuse’s prologue cannot be replaced by the 

obvious variant reading “rotis speciosissimis,”'*” the question arises 

what sort of clocks Seuse had in mind. They evidently had nothing in 

common with the clocks astronomers were demanding at the end of 
the thirteenth century. 

From the end of the thirteenth century there is a noticeable increase 

in the number of sources on clocks and clock-use, and this holds true 

even if we adjust for the spread of written accounting. All over Europe 

new clocks were being built or bought. During this transitional pe- 

riod — that is to say, between the presumed termini post and ante quos, 
framed by the dates ca. 1270-ca. 1330 —it is hardly possible to deter- 

mine in any given instance whether we are still dealing with a hydraulic 
clock, already with a mechanical clock, or with a bell that was part of 
a clock. 
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A conceivable scenario is a boom in water clock constructions, in 
the course of which the new escapement was found and substituted in 
a few places. This scenario has frequently been given plausibility with 
reference to a street of clockmakers in Cologne. It is also conceivable 

that the development of mechanical clocks made possible this surge. 

As a result various clocks of the transitional period were and are retro- 

actively declared to have been mechanical clocks. But apart from the 

above-mentioned references to the use of iron and weights, the large 

number of other sources does not permit us to make a decision either 

way that is technically grounded; the context of the sources reveals no 

change in customary time-measurement. 

Contrary to what was the case in the High Middle Ages, but much 

like in the communes in the later fourteenth century, the procurement 

of new clocks was immortalized in monastic chronicles. One example 

is found in the Annals of the Priory of Dunstable under the year 1283: 

“we built a clock which is located on the rood-screen”; a later one 

appears in the chronicle of the founding house of the Dominicans in 

Orvieto (1305).'*° The sheer size of a clock and its cost became topics 

of discussion. In 1279, the Dominican nuns of the Johannis Convent 

in Colmar, whose prioress Adelheid of Rheinfelden had nighttime vi- 

sions before the sound of the clock, recorded the purchase of a clock, 

which would hardly have been the first, “for six marks.” Storm and fire 

had ravaged the church of the Augustinians in Barnwell in 1287, and 

among the damage — “which only God the Almighty could assess” — 

they listed in a memory book paintings, lead (for the roofs), the clock, 

glass windows, and bells. The record of the accomplishments of a prior 

of the cathedral chapter in Canterbury, who had served in his post with 

distinction, notes a “large new clock in the church” for the consider- 

able price of thirty pounds (1292). The commemorations of donors 

or the use of donated funds and bequests for clocks show that these 
instruments were expensive acquisitions. The memorial book of St. 

Vincent in Macon in Burgundy (thirteenth century) immortalizes a 

deacon for having given his church an “arrologium.” Endowment 

funds were used in 1305 at the cathedral in Augsburg to purchase a 
well-functioning clock (“orologium bonum et bene instructum”). The 

French king was not alone with his gift of a clock to the Abbey of 

Poissy, which he had founded. In 1329, the pope in Avignon had a 

clock built at his expense for the Carthusians in Chorges (Provence)."*° 
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The donation charter for a new clock in the cathedral of Lincoln (1324) 

makes it clear that churches and monasteries competed with one an- 

other in the expenditures for clocks. The charter plainly points out that 

a well-functioning clock was not only a necessity (the clock from the 

thirteenth century having become feeble with age), the cathedral had 

also fallen behind most other churches and monasteries in the acquisi- 

tion of a new one.'#° Finally, the costs of maintaining and repairing 

these clocks also reveal the rising expenditures. The new profession of 

the clockmaker or clock guardian (“orologiarius”) becomes visible 

from about 1270 on.'*! The surge in clockmaking at the end of the 

thirteenth century remains distinctly perceptible even if we drop the 

one piece of evidence most frequently cited in the newer literature: a 

guild of clockmakers or a street of clockmakers in Cologne. 

A guild of clockmakers in Cologne in 1183? A street of 
clockmakers in Cologne in the thirteenth century? 

Important modern works on the history of technology and horology 

speak of a guild of clockmakers attested in Cologne since 1183 or of a 

street of clockmakers in Cologne in the thirteenth century, as though 

this information—in many ways sensational in terms of the history 

of European trades — were secure historical knowledge.'#? Zinner and 

White base themselves on two short works by E. Volckmann on Co- 

logne as the oldest seat of German clockmaking (1918) and on the old 

German trade streets (1921).!** Volckmann himself does not speak of a 

guild of clockmakers, but of clockmaker’s trade (“Gewerbe”), industry, 

or art. The misunderstanding is created by the translation of the Ger- 

man word “Gewerbe” by the English word “guild,” which connotes 

an organized association. The misunderstanding is perplexing, since 

this information would turn the historiographic literature on guilds 

completely upside down. Nowhere in thirteenth-century Europe were 

such highly specialized trades being organized into guilds. Nowhere 

else are guilds of clockmakers attested prior to the sixteenth century. 

Perhaps there were clockmakers in Cologne outside of the monaster- 
ies, but we don’t know of a single one. That they should have been 
numerous enough to organize themselves is utterly implausible. _ 

More difficult is the interpretation of the street name. Volckmann’s 
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source is the great work on the topography of Cologne by H. Keussen, 

who suspects that a resident called “Urloug” gave the street its name 

(the German word for clock is “Uhr”).!#* A chronological arrangement 

of the old name forms collected by Keussen shows that a connection 

with clocks existed only in one case, and here the link was perhaps 

coincidental: 1170-1183 “Urluge” as the name of the owner; “platea 

urlugen” 1230-1232; “Urlogesgassen” 1251; (between 1297 and about 

1450 also “Urlus-,” “Urloch-,” “Urloigis-,” “Urlis-” and the like); 

“Horlogesgazen” 1266-1271; “Ourliges-” 1264; “Orloges-”, “Orliges-” 

and the like 1271-1336; “Oyrle-” 1385; “Oirloich-,” “Ortloess-,” “Or- 

tlich-,” “Ortlinx-,” “Ortlieff-” and the like in the fifteenth century. 

Are we dealing with references to clocks or clockmakers? Linguistic 

usage in Cologne from a later period, when clocks and clockmakers 

certainly existed, would argue against it. In 1374 a sundial or a dial 

were called “uurtafel,” clocks were called “ure” or “uyre,” clockmakers 

were “u(y)rklockenmecher” (1395-1418).!*8 The conventional interpre- 

tation is also contradicted by the fact that the name of the street in the 

fifteenth century bears increasingly less resemblance to old words for 

clocks. Finally, in opposition to the view of Volkmann and Zinner, we 

should point out that according to Keussen’s notes this street did not 

have any of the typical features of a street where smiths lived. Very few 

metalworkers lived in the general area, and not a single one in this 

particular street.'*¢ K. Maurice has argued that the street could have 

been named after a house whose distinguishing feature was a clock (a 

sundial?).!47 This interpretation, in turn, is contradicted, on the one 

hand, by the linguistic usage in Cologne, and, on the other hand, by 

the fact that this would be another instance of a practice that could not 

be attested anywhere else in medieval Europe. J. Leclerq has offered 

an alternative explanation, one that looks plausible only at first 

glance.'48 In Middle High German, a clock was called “urlei,” “or(o)- 

lei,” urleige,” “urlei,” and “ore.” But there is a similar word for war 

and battle and everything related to them: “urliuge,” “urlei,” “orleige,” 

“urloge,” “orloge,”™? and likewise in Middle Dutch, “(o)orloge,” 

“oirloge,” “orlage,” and “ourlage.”?5° Is it therefore not possible that 

weapons or armor were manufactured in this particular street in Co- 

logne? This explanation might make sense in terms of the history of 

trades. Cologne was an important center of metalworking. However, 

” ¢C 
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it clearly contradicts Keussen’s study, according to which the Spinn- 

miihlengasse (“Spinning-wheel Street”) was not a street with such a 

trade. 

A guild of clockmakers is thus not mentioned in the Middle Ages. 

The name of the street is contradicted by the linguistic usage in Co- 

logne and by the broader European historical context. Until a better 

explanation appears, one should thus take the “Horlogesgazen” (1266— 

1271) in Cologne to be a mistake in writing or hearing, and no longer 

refer to either a guild of clockmakers or a street of clockmakers. David 

Landes, who did not even investigate this particular problem, instinct- 

ively came up with the right question: “after all, why Cologne?”?* 

A noticeable rise in expenditures for clocks can be observed during 

this period, not only in the churches and monasteries, but also— and 

this is new for central Europe—at the great courts. The Counts of 

Artois had a clock set up in their amusement part in Hesdin. Philip 

the Fair, the king of France, commissioned work not only on a clock 

for the monastery of Poissy, but also on an elaborate construction for 

his own court.'*? With the clocks of this transitional period, the rising 

expenditures were caused by more expensive materials and more elab- 

orate supplementary contrivances. The latter were in most instances 

not astronomical indications of some kind or another. Costs had gone 

up for something else. 

Clock bells 

As early as 1270, Humbertus de Romanis, visitor of the Dominican 

Order, criticized the increasingly costly outfitting of monastic clock- 

works. He demanded that clocks in the monastery be reliable (“verax 

et certum”) but not attract attention with their costliness or superflu- 

ous frills (“curiositates”).!°* What did he mean by superfluous frills? It 

cannot be ruled out that he wanted to ban from the monastery, among 

other things, astronomical mechanisms attached to the clocks. What 

is more likely, however, is that he was talking about acoustic-musical 

gadgets. It is known that clock bells, which were alarm bells in func- 

tional terms, had separate names already in the twelfth century and 
could be used on special occasions to augment the bell ensemble. In 
the thirteenth century one apparently began to increase the melodi- 
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ousness of the wake-up signal provided for in the statutes. We have 
clear evidence to this effect. The tract on music by Hieronymus of 
Moravia (before 1304) has the usual discussion of the art of tuning 

bells through changes in weight or the relationship between the 

weight of the bell and its pitch. On this occasion Hieronymus, as 

shortly afterwards also Engelbert of Admont, speaks explicitly about 

the artistry of attaching small, tuned bells to clocks for the purpose of 

producing music.!54 

The connection between bells, clocks, and organs becomes visible 

from the thirteenth century on also as a field in which mechanics were 

active. In Exeter, the bishop engaged Walther de Ropford in 1284 to 

maintain the bells, the organ, and the clock of the cathedral and repair 

them if necessary. In the park of Hesdin a clock was connected to an 

organ. The large clock of St. Paul’s in London was built by Walther 

the Orgoner (1344). The engineer Giovanni degli Organi from Mo- 

dena, who was in the employ of the Visconti, built the tower clock for 

Genoa in 1354. He apparently inherited the honorable surname “degli 

Organi,” and was thus descended from a renowned organ-builder. In 

1381, Bodo of Hardessen cast the clock bell for the city of Blankenburg 

in the Harz and immortalized himself on it as “organista et orlogista.” 

And in the Genoese colony of Cafta on the Crimea, one Jacobus de 

Novaria, “magister orologii et organorum,” was active in 1410.1°° 

Sequences of tuned bells had long been in use. The inventory of 

Priim mentions a bell-wheel in front of the altar in the ninth century. 

In the monastery of Abingdon (Berkshire), a bell-wheel (“quadam rota 

tintinnabulis plena”) was built in the tenth century and set in motion 

on feast days to promote the spirit of devotion.'*° Slats with tuned 

bells were also used as musical instruments that could be played (figs. 

20, 21).!°7 New was that such bell-wheels were connected to clocks. 

The reason for this could have been in the function of both as wake- 

up signals, regardless of technical details. Late, though clear, evidence 

for this comes from the Chronicle of Windesheim. We read that a lay 

brother, Heinrich of Laer in Westphalia, sacristan and able mechanic, 

built for the monastery a wheel with seven bells, hammers, and iron 

wheels, and mounted it between the dormitory and the cell of the cus- 

tos.!58 In the fifteenth century, bell-wheels were considered instru- 

ments typical of monastic clocks.'*? 

Leaving aside simple alarm-bell mechanisms, we can trace the tech- 
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20, 21. Initials “E” for Psalm 81 in two breviaries of Philip the Good of Bur- 

gundy. Brussels, Bibliotheque Royale, Ms. 9s11, fol. 307; Ms. 9026, fol. 163 

verso. 

22. ‘Tubal-Kain, a legendary inven- 
tor of musical instruments, at a me- 

chanical bell-wheel. Relief on the fa- 
cade of the Cathedral in Orvieto 
(around 1320). Photo: G. Dohrn- 
van Rossum. 

nical development more or less from the pictorial sources; however, 

this means that the dating of this development will necessarily remain 

vague. In the middle of the thirteenth century, the water clock in the 

moralized Bible (fig. 14) shows a slat with bells. A bell-wheel which 

Tubalkain, one of the legendary inventors of musical instruments, is 

striking on a relief on the facade of the cathedral in Orvieto (around 

1320), 1s turned by a pinwheel and a drive (fig. 22).!°° Some kind of 



IOI 

DEVELOPMENT OF THE WHEELED CLOCK 

me eB one tie micluganar nnSii0b feeds tucrucu2. tenia” 
aADMUfica queipo Noied propa ma fhams : 

Sentie niehioa ioe: oo 
FS luoctaus awa weniuifier {nes pbviaavzd Die bius ret 

23. De arte musica: Miniature in an Italian collection of classic texts from the 

library of Petrarch (beginning of the fourteenth century). Paris, Bibliotheque 
Nationale, Ms. lat 8500, folio 39 verso. 

mechanization is apparent; the drive remains hidden. The same holds 

true for an Italian miniature to De arte musica (around 1340) (fig. 23). 

Perhaps it contains, if read from left to right, a reference to the techni- 

cal progress of the most recent past. In the left field is seated David 
(or Pythagoras?) with handbells and hammers. The figure in the right 

field, seated next to a pneumatic organ, is striking —still by hand— 

an apparently mechanically operated bell-wheel (a new technological 

achievement?). 

That these early forms of the playable carillon were admired innova- 

tions and may also have become fashionable at the beginning of the 

thirteenth century is revealed, on the one hand, by the title and motto 

of Heinrich Seuse’s Horolegium and, on the other, by a notice in the 

chronicle of the convent of Benedictine nuns in Rouen. We read in 
the latter that in 1321 a clock was installed whose hymn, Conditor alme 

siderum, was still audible five kilometers away.'* 

The miniature of the Brussels Seuse manuscript (fig. 24) shows, as 

in a collection or display, eight different devices for keeping and indi- 

cating time that were known in the middle of the fifteenth century. On 

the left is a large clockwork with a dial (twice twelve hours) which, as 
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24. Miniature in a manuscript of a French translation of Heinrich Seuse’. se’s 
Horologium Sapientiae (around 1450). Brussels, Bibliotheque Royale, Ms. IV, 
il, folio 13 verso. 
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the full page reveals, trips an hour-striking bell in a distant belfry via 
guide beams. At the base we see an astrolabe, which was presumably 
used to regulate the clock.!° In the middle is a bell-striking mecha- 

nism, placed next to the clock undoubtedly for reasons that had to do 

with the spatial arrangement of the miniature. We should imagine that 

it was located on top of the clock and was set in motion by the latter 

via levers and pulleys.!°* Because of this pictorial arrangement the 

weight drive also remains hidden. Hanging from the table are a small 

tower sundial and a quarter-circle equatorium, an instrument derived 

from the astrolabe. On top of the table on the right side stand the 

most modern instruments that were developed only in the fifteenth 

century: a table-clock with a case that has been deliberately left open 

and in which we can see the spring tension and fusee, and a modern 

sundial with equator ring and a polar staff parallel to the axis of the 

earth. The bells of the striking works of the frame in the center are 

rigidly mounted on a ring. Each bell is assigned a hammer with a lever 

that is tripped by a horizontal wheel with studs or teeth. This is a 

variation of the monastic alarm bell mechanisms, here arranged as a 

sequence. 

The development of the mechanical escapement 

So what does the development of increasingly elaborate bell-striking 

mechanisms — which, no matter how elaborate, were essentially more 

sophisticated alarms—have to do with the development of the me- 

chanical clock escapement? When Dante was describing the sound of 

a monastic alarm (“tin tin sonando”), he had a very simple arrange- 

ment in mind. We can get an idea of what it might have looked like 

from the simple monastic alarms and tower warden clocks of the sub- 

sequent period. The few extant specimens cannot be dated, and the 

common museum caption “fifteenth century” is nothing more than a 

makeshift solution.!*t There is no reason why the simple clocks at the 

beginning of the fourteenth century should have looked or functioned 

any differently. Behind the going train sits a striking mechanism that is 

tripped by a lever (fig. 25). A drum with a weight moves the repetitive 

(clanging) hammer stroke on a bell, which lasts until the weight has 

run down. What is noticeable is that the escapement of the going train 

and the repeating mechanism have one essential component in com- 

mon: a vertically mounted scape wheel with sawlike teeth and a verge 
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25. Tower warden clock with alarm 

bell mechanism. Drawing by G. 
Oestmann, after C. Sandon, Les Hor- 

loges et les Maitres Horlogers a Bescan- 

con (1905). 

with two palettes that alternately block the teeth. In the striking mech- 

anism, the verge, which is fitted with a hammer lever, is moved a short 

distance and is then blocked and thrown back. The same thing occurs 

with the escapement, only much slower, that is to say over a longer 

interval of time. At the same time the rhythm of the oscillation 1s regu- 

lated by the inertia of the foliot which can be adjusted by small 

weights. This observation first led J. Drummond Robertson (1931) to 

the conjecture that the clock escapement could have been developed 

out of older mechanisms for the repetitive striking of a bell. More re- 

cently, J. D. North has made this once again the probable line of devel- 

opment through his discovery of another double escapement mecha- 

nism in the Wallingford clock.!° 

Thus the development of the mechanical clock escapement could be 

described something like this: for some time, monasteries had been 

using contrivances for repeatedly striking the waking signal on a single 

bell, on several bells, or on a bell wheel. At the end of the thirteenth 

century it was discovered—apparently in several places—that such 

contraptions were also suitable as a regulator if one slowed down the 

oscillating of the bell-hammer lever by increasing its weight in rela- 

tionship to the drive weight and made it regulatable by changing the 

swinging mass. This evolution of the repeating mechanism into the 

clock escapement presupposes numerous practical experiments that 
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were prompted by the work of mechanics and smiths on the bell works 
in churches and monasteries. We cannot say when such attempts began 
to be undertaken. Since the astronomers were looking in different di- 

rections entirely, and since the results did not meet their stated needs, 

the generally accepted terminus post quem (1270) is problematic. On 

the other hand, the abundance of newly acquired clocks seems suffi- 

cient reason to date the success of this developmental work to the sec- 
ond half or the last third of the thirteenth century. 

This evolutionary history remains a hypothesis, though one that is 

secure against the “veto of the sources.” It cannot be proved that re- 

peating striking mechanisms with crown wheel and verge and pallets, 

or, as in the Wallingford clock, with a double pinwheel appeared his- 

torically before the clock escapement. All evidence for this comes from 

a later period. The sequence is plausible, however, since mechanical 

striking works, even very heavy ones like that described in the MS 

Ripoll 225, could initially very well have been tripped by water clocks. 

The mechanical clock escapement was in all likelihood an independent 

European development, since neither in China nor in the Islamic 

sphere can we observe a comparable development toward a more elab- 

orate bell technology. 

The “angelic clockwork” of Villard de Honnecourt 

Apart from the technically unrevealing drawing of the “maizo(n) Mune 

hierloge” (fig. 12), the sketchbook of Villard de Honnecourt also con- 

tains a depiction of a weight-driven revolving frame for an angel whose 

finger is supposed to point at the sun at all times (fig. 26).'°° The first 

editor of the sketchbook, J. B. A. Lassus, surmised in 1858 that the fig- 

ure of the angel was supposed to complete one rotation during twenty- 

four hours. After the expert C. Fremont subsequently had declared the 

revolving frame a precursor of the mechanical escapement, this notion 

made its way into the handbooks on the history of technology whence 

it was widely disseminated.!°” Frémont tried hard to explain how the 

contraption might have worked: the rope was supposedly slowed 

through friction against the spokes of the wheel which oscillated back 

and forth. This “oscillating friction-escapement” was regulated by 

means of the two weights. It didn’t bother any of the interpreters that 

Villard or the contemporary authors did not in any way describe this 
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: 26. Mechanism for a pivoting angel 

figure, the so-called “angelic clock- 

work,” from the sketchbook of Vil- 

lard de Honnecourt (around 1235). 

Paris, Bibliotheque Nationale, Ms. 

y)| fr. 19093, folio 22 verso, after H. R. 

/ Hahnloser, Villard de  Hon- 

necourt (1972). 
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contraption as a clock or even as performing a regulated movement. 

Thus the editor of the facsimile edition of the sketchbook, invoking 

the verdict of experts even in the new editions, could continue to write 

about the “earliest clockwork with wheels,” in this way putting art 

historians, too, on the wrong track. 

Following Lynn White Jr’s skeptical comments on the “angelic 

clockwork” (“ambition rather than achievement”), Needham and 

Maurice, among others, have pointed out that the contraption simply 

could not have functioned the way Frémont had conjectured, and that 

we were dealing at most with a turning movement that was set off 

from a certain distance.'®* Still, works that continue to report this in- 

vention keep appearing. M. Daumas has tried hard to clear up these 

misunderstandings, which were caused in part by faulty tracing of the 

sketches in the first edition. His practical experiments have demon- 

strated that this was definitely not an early form of a clock escapement. 

As for the “angelic clockwork” as a precursor to the clock escapement, 

we can thus join in the opinion of P. Mesnage, who said as long ago 

as 1965 that this notion should once and for all disappear from the 

history of technology.!® 

Automata displays 

The term “regulator” (German “Zeitnormal,” lit., “time standard”) is 

surely too ambitious for the early and undoubtedly crude clock es- 

capements, since contemporaries did not even take notice of them as 

improvements in the technology of time-measurement; in fact they 
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didn’t even mention them. From this quarter we thus cannot expect 

any consequences for the conception of time or changes in time- 

consciousness at the end of the thirteenth and the beginning of the 

fourteenth century. But mechanical clockworks now offered the possi- 

bility of driving large and heavy automata and keeping them operating 

more reliably than had previously been the case with hydraulic drives. 

And from the beginning of the fourteenth century, such automata 

were being built all over Europe. They drove carillons and became the 

focal point for various mechanisms of the kind that were known from 

classical and Islamic tradition.'”° In the cathedral of Norwich, a large 

clock was constructed between 1322 and 1325 with a heavy dial (eighty- 

seven pounds), a carillon, and a procession of monk figures. During 

the same period the Chronicle of Glastonbury extols an abbot who 

had enriched the church building with a number of “spectacular” fur- 

nishings, among them a clock with automata and figures and an organ 

of marvelous size.!7! 

In the accounts for the clock in the hospital of St. Jacques in Paris, 

where thousands of pilgrims stopped off each year on their way to 

Santiago, we hear for the first time —as far as I know — of the proces- 

sion of the Three Magi (1326), which had now taken the place of Her- 

acles or the wild Arabic horsemen of the Islamic tradition of water 

clocks. In 1334, the goldsmith Mondinus, from the city of Cremona, 

fashioned in Venice an artful clock worth eighty guilders for the king 

of Cyprus. In St. Paul’s Cathedral in London, a mechanism turned a 

dial and an angel (1344). The astronomical clock in Cambrai displayed 

moving pictures and a calendar (1349). The chronicles report the con- 

struction of the Strasbourg clock (1352-1354) and its procession of the 

Three Magi. All that is left of this first clock is a mechanical cock with 

flapping wings, but the description of a copy, the clock in the Minster 

of Villingen (1401), gives us fairly precise information about its appear- 

ance in the Middle Ages.'”? Only a few years later the town of Frank- 

enberg in Hessen also installed such a clock.'”* Today these clocks are 

called monumental astronomical clocks. At the time most of them 

tended to be automatic displays and carillons. Astronomical and calen- 

drical dials were rotated, kings moved past the Virgin Mary and bowed 

down, cocks flapped their wings and crowed, moveable skeletons ap- 

peared as reminders of death. As the protocol of the cathedral chapter 

in Chartres from the year 1407 clearly bears out, the stated purpose 
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of these contraptions was, right up into the nineteenth century (inter- 

rupted by some iconoclastic phases), to lure people into church, to 

astound them, and thus strengthen the authority of the Church.'%* 

The replicas of the starry heavens, which were moved at an unimag- 

inably slow and even pace, surely did not fail to have an effect on the 

viewers’ conception of time. But this “mechanization of the liturgy” 

(K. Maurice) was of no importance in terms of timekeeping or time- 

indicating. When people looked at these mechanisms, they were not 

“looking at the clock.”!” 
The development of such automata-clocks led individual astrono- 

mers to concern themselves with the problem of sophisticated mecha- 

nizations. But the achievement of Richard of Wallingford or Giovanni 

Dondi lay in the development of special gears for displaying the posi- 

tions of the planets. They were not interested in the drive, since clock 

drives were sufficient for such automata from a didactic and demon- 

strational perspective, while being much too inaccurate for obser- 

vational purposes. This did not change until the end of the fifteenth 

century. Understandably enough, astronomers thus did not cry out 

“eureka” when the mechanical clocks appeared. 

Hour-striking clocks: A technological sensation in the 
fourteenth century 

A chronicle of the city of Milan reported, under the year 1336, the 

installation of a clock in the tower of San Gottardo. Its manner of 

striking the hours made it admirable and useful for all social classes. 

In the spire are many bells, and there is a clock which is ad- 

mirable because it is a very large bell (tyntinabulum) that 

strikes a bell (campana) twenty-four times according to the 

number of the twenty-four hours of the day and night, in 

such a manner that it gives one sound in the first hour, two 

strokes in the second, three in the third, four in the fourth, 

in this way distinguishing the various hours. This is exceed- 

ingly necessary for people of all estates.!7° 

The chronicler Galvano Fiamma is certainly suspect as a biased re- 
porter who exaggerated the significance of the contraption and the 
merits its builder deserved. As the chaplain and scribe in the service of 
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the Visconti, the Dominican monk naturally attributed the flowering 
of Milan — and around 1300 a large number of various bells was a com- 

mon indicator of thriving prosperity—to the princes of the city, his 

employers. The purpose of his eulogy to the rulers was for their city 

to outshine all others in Italy also when it came to such novelties. 

Clocks caught Galvano Fiamma’s attention. In the chronicle of his 

monastery he reported the construction of an iron clock. Among the 

splendid furnishings of the princely palace, which he did not want to 

list in their entirety, he emphasized another clock. In the list of innova- 

tions (“novitates”) that were made in Milan under the Visconti, he 

enumerated, next to powerful warships, the use of large clockworks to 

drive mills. With the help of these marvels with wheels and weights, a 

boy could easily grind four bushels of grain into flour of the highest 

quality.'”7 In technical terms Galvano Fiamma’s description of the new 

clock in the tower of San Gottardo is meager. He calls it a large bell 

that strikes another bell. But he is not really concerned with such de- 

tails. The novelty is not the clockwork but the indication of the hours 

as they are counted, the striking work, which made it possible to dis- 

tinguish the sequence of the hours as they were struck from one eve- 

ning to the next. 

Three years later we find in another Milanese chronicle, on the occa- 

sion of a civic event of the first order, a reference to the forms of the 

division of the day as they had been altered by the new clock. We are 

told that the man who had commissioned the striking clock of San 

Gottardo, Azzo Visconti, died on August 14, 1339, in the twentieth 

hour,!”8 that is to say, around three in the afternoon, the first modern 

hour-indication in an urban-civic context. 

Galvano Fiamma was not exaggerating, Clocks in urban towers or 

municipal hour signals did exist earlier, but they can be clearly attested 

only in Italy, and we know nothing about how they indicated the 

hours. There is, therefore, no reason to doubt that Galvano Fiamma’s 

report was newsworthy. The information from the subsequent period 

confirms that the diffusion of an entirely new technology had begun. 

A few years later, in 1344, Paduan chronicles report the construction, 

in the tower of the palace of the city’s rulers, of a twenty-four-hour 

clock with automatic striking of the hours; numerous other accounts 

refer again and again to the same situation.'” 

The appearance of the striking clocks was for many the first encoun- 
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27. The monk Lazar shows Arch- 

duke Vasilij Dimitrievich and two of 

his vassals the clock in the Kremlin. 

St. Petersburg, Library of the Acad- 

emy of Sciences, Ostermanovskij 
manuscript (sixteenth century). 

From Edward V. Williams, The Bells 

of Russia (Princeton, NJ, 1985). 
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ter with a mechanical clock, and they were thus hardly able to distin- 

guish the going work from the striking work. But only the invention 

of the striking mechanism made possible the spread of the clocks, and 

only this invention popularized the notion of clocks as fascinating au- 

tomata.!*° This still comes out very clearly in the description of the 

first tower clock in Moscow (1404) (fig. 27): 

This hour-marker 1s called an hour-measure; each hour a 

hammer strikes the bell, measuring and counting the hours 

of the night and of the day . .. No man strikes it, but it is 

somehow wondrous strangely fashioned to look like a man 

and sound and move of itself, by man’s cunning, with great 

invention and cleverness.!*! 

In Giovanni Tortelli’s retrospective list of inventors, too, the automa- 

ton which, seemingly animate, did the work for humans appeared as 

the true innovation and a socially significant event: 

[For not only does it show and register the hour to our 

eyes,| but also its bell announces it to the ears of those who 

are far away or staying at home. This bell is placed on top to 

distinguish the number. Hence in a way it seems to be alive, 

since it moves of its own accord, and does its work on behalf _ 

of man night and day, and nothing could be more useful or 

more pleasant than that. However, it is a new invention. !*2 
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i hammer 
wind vanes 

28. Locking-plate striking mechanism. Drawing by G. Oestmann. 

What was this new invention? The mechanism for striking the hours 

is, even “if one knows how it works,” a far more complicated mecha- 

nism than the movement of a clock. It arose—as the clock may also 

have—from modifications to a repeating arrangement which, unlike 

the repeating works with a crown wheel and a verge with pallets, was 

also suitable for delivering the stroke of the hammer to heavy bells 

and to bells mounted some distance away. Since this mechanism, so 

momentous to the history of late medieval society and mentality, is 

rarely explained, a brief description follows (fig. 28). 

By means of pins on a rapidly turning wheel (pinwheel) the bell 

hammer 1s briefly activated in regular intervals via a wire-pull. The ro- 

tation of the pinwheel is transmitted and is steadied by means of a 

shaft with wind vanes. The ringing mechanism is tripped by lifting a 

blocking-lever from a notch of the starting-wheel. In order to limit the 

duration of the ringing, that is, in order to prevent the entire length 

of rope on the weight-driven wheel from unwinding, when the 

blocking-lever is released it is simultaneously lifted from a second 

notch of the concurrently rotating “locking-plate” (also called “rota 

serandi”) and is held up until it can fall into the next notch of the 

locking-plate. The duration of the ringing, and with it the number of 

strokes, is thus determined by the distance between the notches on the 
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radius of the locking-plate. We can make out a striking work with a 

locking-plate that is notched on the inside in the rear half of the large 

clockwork of the miniature in the Brussels Seuse manuscript (fig. 24). 

The ringing program can be varied by notching the locking-plate in 

the appropriate way. Any number of strokes can be arranged on the 

“program wheel” in any desired sequence. It is therefore possible that 

the locking-plate was already developed earlier for the ringing of the 

Hours in churches, since the locking-plate striking work can also be 

set off manually at any given time.'** A development independent of 

the clockwork is thus conceivable. But moving the locking-plate back 

in time remains a speculative step. 

In the context of various arrangements for repeated striking, the 

locking-plate striking work was presumably a new invention, the prod- 

uct of efforts to limit or differentiate the sequence of signals.'** Even 

if it arose from attempts to automate stroke-sequences for variable seg- 

ments of the day, such efforts were technically feasible only for por- 

tions of the day or hours that remained constant. There was, from 

the medieval perspective, no other option. In his 1537 edition of Bede, 

Johannes Noviomagus explicitly emphasized the connection between 

the use of equal hours and the striking clocks.'** A ringing of the 

Hours 1s technically possible, though very complicated and awkward: 

one could, as in the Japanese clocks of the seventeenth century, provide 

for two foliots and exchange them in the morning and evening.!®¢ In 

addition, the running of the clock would have to be adjusted continu- 

ously, or at the very least every fourteen days, to keep it more or less 

in syne with the changes in daylight. Nothing of the sort is mentioned 

anywhere. Speculations that the sequence of Hours was automatically 

rung in the Middle Ages do not appear until the modern period.!87 

The notice in the Milanese chronicle is a plausible terminus ante 

quem for the development of the striking clocks, the name one can 

give to mechanical clocks with an automatic striking of the hours, even 

if Seuse’s title may argue for a slightly earlier date. Several reasons sug- 

gest why we should surmise that the development took place in Italy, 

perhaps in an Italian city. G. Bilfinger had already concluded as much 

from what were in his day meager references to striking clocks, and 

especially from the early use of the modern hours in Italy.!88 New 

sources have reinforced this impression. Public clocks or public hour- 
signals appear from the beginning of the fourteenth century in Italian 
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cities.'*° The only exception is the clock signal mentioned in Valenci- 
ennes. These were probably tower warden clocks or tower warden 
alarms by means of which some of the hours of the day, but by no 

means the entire sequence, were signaled. All secure reports about 

striking clocks, usually large tower clocks, from the first half of the 

fourteenth century refer to Italian cities. 

Various forms of modern hour-reckoning 

If the public indication of the hours according to their sequential num- 

bering was technically feasible only with the use of equal hours, this 

did not yet settle the question of how the hours would be counted, 

and models were not known.!*° The Hours had never been rung ac- 

cording to their sequential number. There were thus no venerable cus- 

toms that one could have picked up on. The arguments that were ex- 

changed in this open situation — the future arrangement of the time of 

day was up for debate — would be far more revealing for an analysis of 

late medieval conceptions of time than all technical details combined. 

Even though such discussions must have occurred in various places, 

we know nothing about them. The only known argument was that of 

the astronomers, who had emphasized the advantages of equal hours 

for the observation of heavenly phenomena.’*! But this is never men- 

tioned in connection with the introduction of clocks, and astronomers 

could use astrolabes to determine the time. 

Different solutions were found in different places — clear evidence 

that a decision had to be made. The solutions did not pick up on the 

kind of artificial divisions of the day that were known from the regulat- 

ing of some water clocks, nor directly on the astronomical divisions. 

Instead, all solutions were attempts to avoid a complete break with the 

accustomed system of unequal hours. Three characteristics marked the 

old system: day and night were separated, two series of twelve hours 

each were counted, and the beginning and ending points were shifted 

along with daylight. 
The three most important forms of modern hour-reckoning which 

became customary around the middle of the fourteenth century tried 

in various ways to link up with the old forms.'”? This linkage was of a 

formal nature; the Hours as a sequence of prayers no longer played a 

role here. In this respect the transition to modern hour-reckoning was 
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in fact a reflection of a broad process of the laicization of the way of 

life of townsmen and city-dwellers.!”* 

In what is presumably the oldest Italian form of hour-reckoning, 

unequivocally attested for the first time by Galvano Fiamma, the 

twenty-four hours were counted through from one evening — more 

precisely: one half hour after sundown — to the evening of the follow- 

ing day. The twenty-fourth hour was the last hour of daytime. The 

only linkage to daylight has to do with timing the point at which the 

counting begins in the evening. Reckoning the day from evening to 

evening was customary in the Islamic sphere. But more important for 

its introduction into Europe was probably its agreement with the 

Judeo-Christian notion of the feast day. The influence of the latter on 

shaping the new system was, however, limited: the change of date usu- 

ally occurred in the morning, that is to say, events that took place at 

night were assigned to the date of the previous day. The “Ttalian clock” 

(also called “Ganze Uhr” or “Ganzer Zeiger”) spread via Bohemia 

even into Silesia, and for a time it was also used in Poland. The draw- 

back to this method of counting — often lamented — was that the strik- 

ing clocks had to be continuously moved ahead by a certain amount 

during the first half of the year, and moved back during the second 

half. To avoid this, the clocks were adjusted only after changes in the 

length of the day had reached a certain point, and they were then set 

with the help of tables.!°* In the diary of his journey through Italy, 

Goethe recorded with bemusement how cumbersome it was to con- 

vert this method of counting, a method that was “intrinsically” con- 

nected to the nature of the Italian people and should not be replaced 

by the “German clock hand.”!°> The Italian way of counting was in 

use — with many exceptions — in the geographic border regions in Bo- 

hemia and Silesia until the seventeenth century, and in Italy itself up 

to the wars that followed in the wake of the French Revolution. The 

drawback to this method in terms of the technology of the striking 

work was the fact that the three hundred strokes required each day 

wore out the material and also needed a lot of rope, that is to say, the 

weights had to be frequently drawn up. For that reason some localities 

in Italy soon switched—with or without changes in the method of 

counting — to ringing sequences of 2 X 12 or 4 X 6.1% 

The “Nuremberg Clock” (also called “Great Clock”) followed the 

old tables of the length of the days; it kept the division into day-hours 
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and night-hours as well as the movable beginnings of both sequences, 
but it dropped the sequences of twelve. According to this method, 

attested for Nuremberg since 1374, and two years later also for Regens- 

burg, in December the day had eight and the night, sixteen hours.!°” 

Until June the day was lengthened by one hour approximately every 

three weeks and the night shortened accordingly; after the mid-point 
of the year the procedure was reversed. The advantage of having the 

hour-reckoning conform to daylight was counterbalanced by the dis- 

advantage of having to use tables whose accuracy was only approxi- 

mate. All public civic activities that were fixed by the hours, and work 

time in particular, had to take this continual adjustment into consider- 

ation.!°§ An additional, serious drawback was the fact that the clock 

and ringing tables became increasingly more complicated as efforts 

were made to take into account the varying rates in the increase and 

decrease of daylight. According to the setup of 1489, corrected by the 

astronomers, the period of eight-hour days lasted fifty-two days, that 

of thirteen-hour days, seventeen days, that of fifteen-hour days, 

twenty-two days, and that of sixteen-hour days, fifty-seven days. A few 

southern German cities followed this practice, which died out at the 

end of the eighteenth century. The Great Clock was never able to es- 

tablish itself as the exclusive method even in Nuremberg, and it re- 

mained limited to the cities. 

The method of hour-reckoning familiar to us was called “small” or 

“half clock” in the Old World, from an Italian perspective “orologio 

oltramontano.” All it retained of the old system was the dual sequence 

of twelve hours. Daylight was no longer of any consequence. It was 

the most abstract form of division with respect to the conditions of 

the natural environment, though it did divide the day into two, a prac- 

tice alien to everyday life. Prior to this the middle of the night had 

been customary as the dateline only among Roman jurists. Ludovici 

Guiccardini, in the account of his travels through the countries of 

northwestern Europe (1507), points to what was possibly the decisive 

advantage of this method of counting the hours: technically it is the 

most elegant solution, because in practice the clocks had to be set only 

once a day (in theory never) without any tables, using only a primi- 

tive sundial.!” 
Of limited local importance was the “Basel Clock.” As travelers often 

noted in astonishment, the clock in Basel struck one at midday instead 
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29. Fight over the “Basel clock” (1779). Colored etching by L. de Riitte. 

Staatsarchiv Basel, Bildersammlung Falk A soo. 

of twelve. The origins of this striking sequence, which once more 

sheds light on how fluid the situation was at the beginning of the four- 

teenth century, are unclear. As the humorous drawing depicted in fig- 

ure 29 shows, at the end of the eighteenth century, scholars and mer- 

chants tried to adjust the striking of the hours in Basel to European 
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customs, against the opposition of the artisans, but Basel’s special cus- 
tom did not come to an end until the French Revolution.2 

The method common today, that of counting twenty-four continu- 

ous hours starting at midnight, appeared in the Middle Ages very occa- 

sionally in astronomical time indications.°! Prior to the development 

of modern transportation systems it played virtually no role at all. Be- 

cause all forms of communication were so slow, the co-existence of 

various methods of counting the hours were not a major annoyance — 

only travelers noted it with puzzlement. However, the lack of syn- 

chronicity in the methods of reckoning the hours in the cities did 

attract the attention of Emperor Charles V. For the eastern part of 

his empire, “on which the sun never set,” he had a clock built that 

“showed the hours according to the Flemish and Italian methods.”? 

“Hour-glasses”: Sandglasses and modern hour-reckoning 

Another new time-measuring device appeared in Europe simultane- 

ously with the wheeled clock: the sandglass. Because the sandglass has 

a certain similarity with the ancient clepsydra, scholars long believed 

that it was very old. Even today one can frequently read that there 

were sandglasses in the High Middle Ages.?” 

Since sandglasses were in use until the beginning of the nineteenth 

century to regulate ship-watches and, together with the log line, to 

calculate a ship’s speed, scholars have conjectured that the device origi- 

nated in the realm of seafaring. Such a view would be supported by the 

earliest references to their use and the linguistic usage in the fourteenth 

century. The oldest reference to their use is not entirely clear semanti- 

cally. In the Documenti d’Amore (verse 1313), Francesco Barberino de- 

scribes the good helmsman who minds the course and speed of the 

ship by using compass and clock (“arlogio”) without losing a single 

hour. At the beginning of the Hundred Years’ War (1345-1346), “glass 

clocks” (“orologii vitrei”) were purchased for the English ships in the 

port of Sluys in Zeeland. The first description of a sandglass in an 

inventory of Charles V of France (1380) likewise shows that contempo- 

raries located the origins of this time-keeper in the world of seafar- 
ing.°* However, at this time we cannot prove its nautical origins, and 

it is noteworthy that sandglasses appear regularly in ships’ inventories 

only in the fifteenth century. By contrast, they were already used in the 
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fourteenth century for regulations relating to the organization of time 

without any connection to nautical problems. Despite the exceedingly 

meager textual sources, these early accounts do attest a certain familiar- 

ity with the sandglass already in the first half of the fourteenth century. 

It follows from this, too, that sandglasses— no matter where they had 

been developed—spread through Europe at about the same time as 

wheeled clocks. It was only with the introduction of equal hours that 

one could find use for sandglasses (“hourglasses” or “sand-hours”). 

Sandglasses were cheap, quiet, and reliable companions and com- 

petitors to wheeled clocks. In numerous tower warden rooms they 

were used to check the going work of public clocks, and in Spain the 

hours were for a time also struck according to sandglasses. When the 

large striking work of the old tower clock in Perpignan broke down 

once again in 1387, the king ordered his procurator to find two artisans 

who could work at their craft in the tower. In two shifts they were to 

strike the public time signal on the large bell according to a sandglass. 

The king added a copy of a similar arrangement for the cathedral in 

Perpignan.” The same procedure is described in detail and codified 

in the ordinances for Zaragoza, promulgated by Ferdinand I of Castille 

in 1414.2 

Sandglasses appear here as replacement or auxiliary clocks in the 

early stages of a tower-clock technology that had not yet been per- 

fected. But their importance was far greater. When it came to the intro- 

duction of the social use of the new hour-reckoning, and to the testing 

of new techniques of temporal organization, sandglasses played a role 

that was at least comparable to that of wheeled clocks and extended 

far beyond the Late Middle Ages. 

The story of the success of the wheeled clock has largely driven the 

story of the use of the sandglass from our awareness. Through that 

story, however, we can trace how people learned—along intercon- 

nected and yet independent paths — to deal with the sequence of equal 
hours and with abstract periods of time. 

The first small clocks 

The technology of the going train and the striking train in the large 
tower clocks seems to have changed very little during the next two 
centuries. We can assume, however, that there were improvements to 
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30. Hannibal dines in Capua. Min- 
iature with a wall clock, from His- 

towres romaines de Jean Mansel (fif- 

teenth century). Paris, Bibliotheque 

de lArsenal, Ms. 5087, folio 221 

verso. 

and variations in their design, the result of increasing experience in 

craftsmanship. Technologically closely related are the house and cham- 

ber clocks, whose use became customary in wealthy households from 

the beginning of the fifteenth century, at the latest. In pictures we find 

them from this time on in some numbers as wall clocks or set on pedes- 

tals of stone or wood (fig. 30). Among the oldest examples is a minia- 

ture with a golden background in a French manuscript of Heinrich 

Seuse’s Horloge de Sapience that was dedicated to Marie de Berry in 

1406 (fig. 31). The advances in the construction of astronomical drives 

were of no consequence for the development of public time indi- 

cation.7°7 

A “portable clock” that was purchased in 1365 for Pope Urban V in 

Avignon is discernible as an innovation only in terminology; it is the 

same kind of clock which the French king had his court clockmaker 

build in 1377.7°° These were transportable clocks, apparently sought- 

after rarities in those centuries. In 1385, the Duke of Burgundy had 

such a clock overhauled prior to a trip to Avignon. An order by the 

infante of Spain in the same year reveals that these clocks had a pedestal 

and that one expected their mechanism to be such that one could travel 
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31. Miniature in a manuscript of Heinrich Seuse’s Horologium Sapientiae 
(around 1406) dedicated to Marie de Berry. Paris, Bibliotheque Nationale, Ms. 

926, folio 113. 

with them and stop anywhere. The French king 1s said to have em- 

ployed a “clock-carrier” on his travels in 1387-1389. 

About a century after the beginning of the spread of hour-striking 

clocks that could be operated only in one place and were for the most 

part publicly accessible, a new clockwork drive was developed, one 

that made possible the construction not only of transportable but of 

truly portable clocks.?!° The first references, still vague, take us to the 

end of the fourteenth and the beginning of the fifteenth century. A 

biography of the builder of the cathedral cupola in Florence, Filippo 

Brunelleschi (1377-1446), reports that Brunelleschi, a trained gold- 

smith, had built clocks and alarms in his youth. In the process he had 

also experimented with all kinds of mainsprings, “varie e diverse gen- 

erazione di mole.”?!! This is the first time that springs are mentioned 

in connection with the construction of clockworks. Compared to the 

drive with weights and rope, a wound-up steel spring has the advan- 

tage that it releases its energy in any position and even when in mo- 

tion. The disadvantage 1s that the force released is very uneven, viz., 

with the progressive unwinding of the spring it decreases very rapidly. 
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A clockdrive that was as even as possible thus required not only a steel 
ribbon — still difficult to make at the time — but also some way of com- 
pensating for the decreasing tension of the spring. The solution was 

the “snail” (fusee wheel), a conical drum with a spiral winding which 

took up a cord or chain that was fastened to the spring.?!? With this 

arrangement the decreasing force of the spring is transferred to the 

fuse wheel with increasing mechanical advantage and the torque is 

evened out. Despite numerous scholarly efforts, we do not know when 

and where the combination of spring and fusee as a clockwork drive 

was developed. Once again the sketches of Leonardo da Vinci support 

the conjecture that the solution later in common use was the result of 

numerous and varied experiments.?!* 

As the “Burgundy clock” in the Germanische Nationalmuseum in 

Nuremberg shows, the technology of spring-drive cum fusee had been 

perfected by around 1430.7!* As long as this drive for clocks was still a 

rare novelty, it is recognizable in the texts from the added comment 

“without weights.” For example, in 1459 the French king had five 

clocks built, among them one “demi orloge dore de fin or sans contre 

poix.”?!5 The new and uniformly smaller clockworks were made for 

different casings.*!° New were the box-shaped table clocks, which were 

also displayed in the Brussels Seuse manuscript (fig. 24). This drive 

allowed the construction of clocks that were increasingly smaller in 

size, and from the middle of the fifteenth century the miniaturization 

of clocks became a fashionable trend. The astrologer and court 

clockmaker of the Marchese of Mantua oftered in November of 1462 

to build a “horologieto” which not merely resembled that of the Duke 

of Mantua but was even better. Between 1505 and 1507, numerous “hor- 

ologieti” or “horologini” were built for the same court.*!” We have 

reports from the court of Lodovico Sforza “il Moro” that around 1490 

not only small, portable clocks (“horologini piccoli e portativi”) were 

customary, but also that small chiming clocks were attached to ball- 

costumes.*!8 
This alone is not proof that clocks that could be worn on the person 

were developed in Italy. It is surely out of the question, however, that 

around 1510 the famous Nuremberg clockmaker Peter Henlein “in- 

vented” the pocket watch, occasionally also called “Nuremberg egg.” 

This has been known for quite some time, but since the legend lives 

on even in noted reference works and encyclopedias, the issue needs 
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to be addressed once again.?!° What is interesting about this tenacious 

story is that it does not appear until the end of the nineteenth century. 

It became firmly entrenched in popular historical consciousness 

through Carl Spindler’s novel Der Niirnberger Sophokles, Walter Har- 

lan’s tragic drama Das Niirnberger Ei (which was made into a film in 

1939, with Veit Harlan as director and Heinrich George in the lead 

role), and finally through the 1942 commemorative stamp bearing the 

statue of Heinlein issued by the Reich postal service. Heinlein’s belated 

career as an inventor was accompanied by scholarly polemics, the re- 

sults of which were hardly taken note of, however.’”° 

The older sources, in contrast, never explicitly mention Peter Hein- 

lein as the inventor either of portable clocks or of egg-shaped clocks. 

In rs11—-1512, Johannes Cochlaus published the Cosmographia Pomponu 

Melae and added his own Brevis Germaniae Descriptio, where we read, 

in the description of Nuremberg: 

Every day they (the craftsmen of Nuremberg) invent finer 

things. For example, Peter Hele, still a young man, fashions 

works that even the most learned mathematicians admire: 

for from only a little bit of iron he makes clocks with many 

wheels, which, no matter how one might turn them, show 

and chime the hours for forty hours without any weight, 

even when carried at the breast or in a handbag. 

Johann Neudorfer’s 154.7 Nachrichten von den vornehmsten Kiinstlern und 

Werkleuten, so innerhalb hundert Jahren in Nurnberg gelebt haben tells us, 

“This (Andreas) Heinlein was very nearly the first of those who in- 

vented how to put small clocks into little boxes” (“Bisam Kopf”).?7! 

Contemporary appreciative voices thus emphasize that Heinlein made 

very fine and very small clocks that could be worn on the person and 

that ran for an astonishing forty hours. In addition, he was supposedly 

one of the first clockmakers who built clockworks into “Bisamképfe,” 

small containers of musk fashioned from precious metal and used as 
fragrances or disinfectants. 

Peter Heinlein (born around 148s, died 1542), in 1509 master in the 

Nuremberg guild of locksmiths, is mentioned in the city’s accounts as 
a supplier of spring-driven clocks (“selbstgehend arologium”) and also 
of a Bisam apple with clockwork (“vergulten pysn Appfel ... mit 
einem Oaiologium”). Most of these clocks, which were surely very rare 
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and much sought after, the council gave away as presents. In 1541, 

Henlein built a tower clock for the castle in Lichtenau, and he also 

made a name for himself as an expert in astronomical instruments. In 

no contemporary source was this obviously very talented and re- 

nowned clockmaker mentioned by name as an inventor. The “Nurem- 

berg egg” is a philological misunderstanding that goes back to Johann 

Fischart’s translation of Rabelais (1571). We read there of the “Norn- 

bergischen lebendigen Aeurlein,” the last word being a diminutive of 

the old word “aur” (“clock”). The oval necklace watches, which did 

not appear until later, led people to read “Eierlein” (“little egg”). In 

the fifteenth century, Nuremberg, alongside Augsburg, developed into 

an important center for the manufacture of fine mechanical instru- 

ments. What contribution Peter Henlein made to Nuremberg’s fame 

as a center of clockmaking therefore remains unclear.?”? 

The rapidly rising production of small timekeepers from the six- 

teenth century on, the “personalization of time” (D. Landes), opens 

new chapters in the history of technology, some already written, as 

well as new, unwritten chapters in the history of time-consciousness.*** 
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From Prestige Object to Urban Accessory: 

The Diffusion of Public Clocks in the 

Fourteenth and Fifteenth Centuries 

In his comments on the first public clock in Milan, Galvano Fiamma 

praised as exceedingly useful for all walks of life not just any time- 

indication, but the public differentiation of the hours according to 

their sequential number by means of an automatic mechanism. The 

reference to the social usefulness of public clocks is notable insofar as 

it anticipates something contemporaries still had to discover during 

the second half of the fourteenth century in the cities of Europe. 

According to contemporary accounts, the situation had changed 

completely by the beginning of the fifteenth century. The public clock 

had now become an attribute of cities; life in the cities was equated 

with life by the clock. 

Social utility could play an effective role in the acceptance and diftu- 

sion of this new device only over the medium and long term. That 

public clocks were useful, and later indispensable, was something that 

could reveal itself once people were living with them. Here we are 

concerned, first of all, with factors that, independent of experiences of 

usefulness, promoted a transformation that was already at the time felt 

to be an innovation. We are interested in the motives and interests of 

the actors and in the impulses and stimuli that led in each case to this 

innovation. In contrast to invention, innovation describes, on the one 

hand, the datable process of the introduction of something new at a 

certain place, and, on the other hand, the totality of such events or 

processes. With regard to geographical aspects and the pace of the pro- 

cess, innovation will also be called, in a broader sense, diffusion. 
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The introduction of public clocks was not only a technological but 

also a social innovation. Even though non-automatic striking works 

were also put into operation at the beginning of the fourteenth century 

and subsequently remained in use for a long time, the diffusion of 

public clocks began only after the development of usable hour-striking 

works. However, this technological development was the prerequisite 

for the spread of modern hour-reckoning as a new social practice only 

in a general sense. As a rule we find evidence for this practice in a city 

only after the installation of a clock. But the new practice also spread 

independent of the technological prerequisites. Many cities adopted it 

before the new technology arrived. They did so by making do for a 

long time with a tower warden clock and manually tripped hour 

strokes, until such time when the architectural, financial, or personnel 

conditions existed for the installation of an automatically striking 

tower clock. In Montpellier, for example, it was not until 1410, rela- 

tively late for a city of this size, that a tower clock was acquired, the 

reason being that the manual striking of the hour, attested since 1398, 

had proved too unreliable. An hour bell was in operation at the cathe- 

dral of Xanten since 1375, at the latest. But only in 1383 do we also hear 

of a clock. The early striking works were also technically more costly 

and more susceptible to malfunction than clockworks. If they broke 

down the public hour signal had to be kept up by other means. We 

can recall the hour striking with the help of sandglasses in Barcelona, 

Perpignan, and Zaragoza mentioned in the previous chapter. But such 

procedures were stopgap measures and very rare. For the discussion 

that follows I have therefore disregarded the special technical circum- 

stances of the innovative process in individual cities. For example, if 

the “horglock” is mentioned in the date of a document, as in Eflingen 

in 1395, this is considered a case of innovation, regardless of the techni- 

cal means used and even though the next, comparable time-indication 

does not appear in this city until several generations later.! And while 

numerous setbacks can be observed in the transition to modern hour- 

reckoning, I shall deal with the innovation or diffusion of public time- 

indication as an irreversible process. 

All of the notions advocated in the scholarly literature about the 

factors that were decisive for the spread of public clocks go back, irre- 
spective of many nuances, to the fundamental work of Gustav Bil- 
finger. These views hold that the striking clocks and modern hour- 
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reckoning became a necessity for the increasingly complex way of life 

of the city-dwellers, whereby Bilfinger placed special emphasis on the 

need of urban trade and commerce to coordinate their activities. Strik- 

ing clocks and modern hour-reckoning were the product of the rising 

urban bourgeoisie and of the laicization of education it promoted: 

“Thus the entire evolutionary process of urban life was pushing, with 

a certain natural inevitability, towards the invention of the striking 

clock, and it was then born in fact from the needs of urban life.” 

The social locus of this innovation is not clearly known. However, 

since the early striking clocks are so far attested only in the urban 

sphere, Bilfinger’s hypotheses are certainly still worth debating. Bil- 

finger also points out some of the factors favoring the process of inno- 

vation in the first phase: “In the countries we are accurately informed 

about (Italy and the Netherlands), we find as a rule that the impulse 

for the installation of striking clocks came from princes and wealthy 

urban communities.” We shall briefly recall the other hypotheses I out- 

lined in the introduction. Werner Sombart, formulating it pointedly, 

interprets the acquisition of public clocks by “modern princes and pro- 

gressive city administrations” as a sign of the level of mercantile ratio- 

nality attained in Italy. Marc Bloch, too, relies on Bilfinger’s work 

when he describes public clocks as financed with funds from the urban 

bourgeoisie. Yves Renouard, in his work on late-medieval merchants 

and bankers especially in Genoa, Milan, and Florence, subsequently 

emphasizes modern hour-reckoning as a manifestation of the transfor- 

mation in mentality of which these groups were the main vehicles. 

Christian Bec has made the merchants into agents of the transforma- 

tion in consciousness: “The merchants of the fourteenth century, by 

building the first public clocks, created the regular, laicized hour, the 

urban hour, the hour of the opening and closing of shops and work- 

shops.”? 

Jacques Le Goff picks up these hypotheses and attributes to the mer- 

chants a need for more precisely measured time. The Church’s lack of 

interest in the striking clocks that Bilfinger noted was reformulated by 

Sombart into resistance from the Church— something that is today 

occasionally imaginatively elaborated. In Le Goff this shift in empha- 

sis eventually turns into the now widely used slogan of the new “mer- 

chant’s time” which supposedly displaced and replaced the old 

“Church’s time.” In addition, Le Goff has also pointed out the inter- 
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ests of the merchants in their role as urban employers, calling the com- 

munal clocks instruments of their political and economic domination. 

This naturally gave rise to his conjecture that the main regions where 

public clocks were to be found may very well coincide with the regions 

of the crisis-ridden urban textile industry.* 

Internal urban differentiation and coordination, mercantile interest, 

employers’ interests, princely luxury, and ecclesiastical resistance — 

with these key words we can characterize the factors that have until 

now been introduced as significant for the diffusion of public clocks, 

whereby it should be noted that the hypotheses of the various authors 

are in each case only partial arguments of more comprehensive state- 

ments about the transformation of time-consciousness. 

Before we can test these hypotheses against known and newly un- 

covered sources, it is necessary, first, to define more clearly the object 

of our inquiry. In terms of the history of technology, only the differen- 

tiation between clocks with and without striking work would be of 

importance. Both kinds of works can be designed larger or smaller in 

size. The differentiation between public and non-public clocks, how- 

ever, turns out to be important, because the change in the practice 

of determining the time of day, and with it one of the aspects of the 

transformation of consciousness that can be reconstructed, is traceable 

only in connection with the spread of public clocks and not merely of 

mechanical clocks as such. This differentiation, the necessity of which 

was clearly pointed out already by Bilfinger, has repeatedly been over- 

looked and disregarded in scholarly and popular literature. Notwith- 

standing unequivocal statements in the sources to the contrary, Pierre 

Pipelart’s “horologium regis” is made into the first public clock in 

Paris, while the clock in the Strasbourg Minster appears in lists of early 

tower clocks. Dondi’s Astrarium is turned into a church clock.® To 

prevent such fallacies from being passed on, a list of the criteria of 

differentiation will be followed by a brief review of the sources on the 
earliest public clocks. 

What 1s a public clock? 

The term “public clock” was already used in 1353 by Petrarch to de- 
scribe an innovation of his own time, but it remained very rare until 
the end of the fifteenth century.° Only those clocks should be called 
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public which indicated visually or aurally the sequence of hours of the 

full day. The kind of technology used— tower warden clock or tower 

clock—is not important. “Public” should be taken to refer to any 

larger number of people, especially city-dwellers, but also members of 

a princely residence, the neighbors of a monastery, or the members of 

a university. One or more of the following criteria should be met in 

the texts, and the content and context of the sources must not exclude 

any of them: contemporary description of the clock as public, as the 

communal clock, as a “large clock,” and so on;” contemporary refer- 

ences to continuous time-indication, for example, to the “twenty-four 

hours” or “the hours of the day and the night;”® a communal construc- 

tion order or communal financing of construction, maintenance, and 

repairs; a publicly relevant use of the time signal, for example, in com- 

munal statutes or the dating of charters and documents;? a public in- 

stallation site, a high weight of the clockwork or clock-bell, the reach 

of the time signal.'° 

Even though not all sources can be interpreted with these criteria 

beyond doubt, their use does yield a picture of the early history of 

public clocks that is sufficiently consistent and sufficiently secure 

against the “veto of the sources.” 

The first public clocks 

1307-1308 Orvieto: According to the Riformagioni (council protocols 

and statutes) of these years, the council decreed the levy of a tax to 

repair a clock (“ariologium sive campanile”) in the town hall, and in 

the following year it decided to hire a keeper to operate it. We have 

no information from this time about the technology of the clock and 

the use of modern hours. The subsequent chronological, and likewise 

still very early, references to the difficult use of the Italian method of 

hour-reckoning for the clock on the Torre Maurizio at the construction 

site of the cathedral (1351) make it likely that its introduction occurred 

somewhere between these two dates.1! 

1309? Modena: Casting of a bell of 900 kilograms “with which the 

hours are struck”; in 1343 a clock is set up in the Cathedral.'” 

1317-1318, 1336 Parma: To signal breaks for wage laborers, a public 

clock (“quae pulsatur pro horis”) is ordered. “Horas pulsare” is an old 

expression, also used for the ringing of the canonical hours. Still, in 
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Modena the weight of the clock, and in Parma the context of its use, 

argue for a public time signal. A clock 1s clearly indicated in Parma in 

1336 when we read: “Another small bell, in the city tower, rang the 

hours of the day and the night.”"* 

1322 Ragusa (Dubrovnik): According to the Riformagioni, the city 

employed a clock-keeper in this year. Ragusa was at the time under the 

rule of the Republic of Venice, and during the fourteenth century it 

got most of its qualified personnel from Italy. It is not entirely clear 

where the clock warden came from, presumably from Reggio Calabria. 

It was not until 1389 that the city had a large tower clock constructed 

by a southern Italian master craftsman.'* 

1325-1344 Valenciennes: In the statutes of the drapers hall, the pe- 

riod of selling is marked off by a clock signal, “arloges, erloges, or- 

loge,” or “orloges.” When the statutes were reissued in 1344, the clock 

was also mentioned in a topographical reference. Since there is no evi- 

dence in this region for the use of the modern hours, we could also be 

looking at a bell signal that was tripped at a certain time (in the manner 

of an alarm). We note, however, that in the communal accounts we 

find mention, as early as 1352, of a clock in the belfry, and that in 1363 

this clock was called “large clock.”!S 

1336 Milan: Here the public site, the continuous striking of the 

hours, and the early use of the modern hours are unequivocally at- 

tested. The clock that was built at the initiative of Azzo Visconti thus 

remains the first securely documented hour-striking tower clock.!° 

1344 Padua: In reference to the tower clock in the palace of the rul- 

ing Carrara family, the chronicles emphasize the automatic striking of 

the twenty-four hours of the day. What is behind the invention (“in- 

ventum”) mentioned on the commemorative plaque for Jacopo Dondi 

remains unclear. Very early modern hour-indications complement 

this picture.!7 

1347 Monza: The clockwork (“orrelorium”) that was brought from 

Milan for the cathedral was built by Magister Johannes, who was in 

the employ of the Visconti. This Magister was probably Johannes 

Mutina de Organis mentioned around 1352 as a ducal engineer in M1- 

lan. In 1353-1354 he built a clock in Milan which was subsequently 

brought to the tower of the cathedral in Genoa.!8 

1349? Vicenza: According to a statute for the city’s clerics, Mine 
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was to be rung in such a way that the citizens could orient themselves 
matter the clock.2” 

1352 Trieste: The addenda to the communal statutes provide for the 

construction of a clock for public use.?° 

1353-1354 Genoa: Giovanni Visconti had annexed Genoa in 1353. At 

his request Johannes Mutina built the clock for the cathedral tower. 

This clock was explicitly described as the first communal clock that 

“strikes every single hour of the day and night.”?? 

1353 Florence: The clock in the tower of the Palazzo Vecchio was a 

communal effort. Gregorio Dati reports around 1400 that the clock’s 

bell could be heard all over the city.” 

1351-1353 Windsor Castle: The clock in the Great Tower was built in 

London by a clockmaker from Italy and two assistants and was taken 

to Windsor by wagon. The hammer of the bell weighed one hundred 

and sixty pounds.” 

1353 Avignon: The papal court had several clocks from the beginning 

of the century and from 1336 on it employed its own clock keeper. In 

1353, work was under way on a large clock case which was painted and 

illuminated on the inside. This was, perhaps, a large clock inside a 

building, as is sketched in Villard de Honnecourt, or a new type of 

compact clock tower, possibly like the one that appears in a depiction 

of the papal palace in a fifteenth-century miniature (fig. 32).** The city 

of Avignon itself did not receive a public clock until 1374-1375, a gift 

from the pope. 

1354? Prague: The existence of a public clock of unknown location 

is suggested by the reference to a second clock-stroke at evening time 

in the statutes of a collegiate chapter, and by the mention of the widow 

of a clockmaker (1359) and of an imperial clockmaker (1361). The adop- 

tion of the Italian method of counting the hours in the countries of 

the Bohemian crown gives reason to suppose that the technology was 

also imported from Italy.’* 
1356 Bologna: Giovanni da Oléggio from the family of the Visconti 

arranged for the construction of an hour-striking clock (“arlogium pro 

horis pulsandis”) and the casting of the bell for the tower of the city 

palace. This clock, too, is explicitly referred to as the first public 

clock.*¢ 

1356 Perpignan: King Pedro IV of Aragon’s order for the construc- 
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32. Miniature with a tower clock, from an illuminated manuscript of the 

Chronicles of Jean Froissart. Paris, Bibliotheque Nationale, Ms. fr. 2645, folio 

14 verso. 

tion of a clock in the tower of the castle states that “a clock” (“are- 

lotge”) and a bell (“scimbalum”) were to be built “for the benefit of 

all, by the stroke and sound of which clock the hours of the day and 

the nights can be individually recognized.” The king himself saw to it 

that the project was carried out quickly. According to the surviving 

accounts, the clockwork weighed about one ton, the clock-bell about 

three tons. The name of the builder is given as Antonio Bovelli from 

Avignon, who had previously worked on the Papal buildings as a 

plumber.’” 

1356? Pisa: Beginning in this year we find several modern hour indi- 

cations in the chronicle of Rainieri Sardo.?* 
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1358? Venice: Giovanni de fu Guidotto de Relogiis received full civic 

rights ahead of schedule (having lived only twelve instead of the usu- 

ally required fifteen years in the city). The surname is a likely indication 

that either he himself or his father had performed meritorious service 

for some special clock.?? 

358 Regensburg: Endowment funds were used to pay for a commu- 

nal building order, the “improvement of the Hours” in the tower at 

the market square. This notice in the city’s treasury accounts, which 

can no longer be verified, undoubtedly refers to an hour-clock and 

probably also to a public clock.*° 

1359 Vincennes (residence of the French king near Paris): The dated 

clock-bell lists the future King Charles V of France as the donor and 

the person who commissioned it. The clock and the striking of the 

hours are explicitly mentioned in the bell inscription: “J. J. ma faicte 

pour orloge suy ordenee les heures.”?! 

1360 Siena: The clock for the tower at the Piazza del Campo was 

evidently a communal undertaking.*? 

This list of the earliest public clocks excludes clocks that are men- 

tioned with figure automata, carillons, and astronomical indications. 

These clocks represent an older technological tradition and were at this 

time more widely diffused than the striking tower clocks.** When such 

clocks were installed, not inside princely palaces, but freely accessible 

inside churches, their indications were meant for a public. Some of 

these clocks had dials with hour indications long before such dials were 

installed also on tower clocks.** The chimes and automata were set in 

motion in regular intervals, in some instances probably every hour. 

Though it was possible to determine the time of day with these clocks, 

this was at best a secondary purpose. At that time they were not being 

used as public clocks in accordance with the criteria I have outlined 

above. Nowhere do we find time indications that can be associated 

with this type of clock. We cannot detect any connection between the 

diffusion of these clocks and the spread of modern hour-reckoning. 

The choice of words in the Strasbourg chronicle makes it clear that the 

two types of clocks were already at the time clearly differentiated. The 

automata clock in the minster church, completed in 1354, 1s described 

in the chronicle as a “clock with the three kings,” whereas the tower 

clock, which was not installed until 1372, is described according to its 

function as “time clock . . . which strikes the hours.”*° 
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We are concerned only with the more recent technological tradition; 

it alone was of importance for determining the time of day in actual 

practice. In the subsequent period the two lines of technological devel- 

opment merged; astronomical and calendrical indications and time 

signals were often linked at the end of the fourteenth century. In 1372, 

the clock in the cathedral of Frankfurt was given a dial inside the 

church and a striking bell in the tower.*¢ The miniature in the Brussels 

Seuse manuscript (fig. 24) shows that such an arrangement was techni- 

cally easy to set up. For the period after 1360, I have therefore assumed 

that even in cases where the language of the sources is not unequivocal, 

a coupling with the striking work existed or the time signal was regu- 

lated manually according to some other clock. In these cases the earli- 

est mention of a clock has been taken as the date for the first public 

clock. Where it is possible to differentiate the public clock as an addi- 

tional or later installation, as, for example, in Strasbourg, its date has 

been used. 

As far as the first phase of diffusion is concerned, a glance at the list 

of public clocks up to the year 1360 leads instantly to a first finding 

and an important clue: public clocks and the modern system of hour- 

reckoning originated in the Italian cities. Petrarch, in the passage I 

have quoted, speaks explicitly of an innovation that was prevalent in 

northern Italy. The technology, presumably invented in Italy, was at 

first exported to other countries only by Italian technicians. Indepen- 

dent of the existence of native clockmakers, Italian tower clock build- 

ers were working in Avignon and Perpignan as well as in England. 

Bohemia, and for a time Austria and the Kingdom of Poland, also 

adopted the Italian method of hour-reckoning. The places of diffusion 

are large cities, and a remarkably high number of them are princely 

residences. The sources generally reveal little about the motivations 

and impulses behind the spread of this innovation. We can, however, 

make out a few of the factors that were important in promoting the 
diffusion. 

Diffusion on the initiative of the authorities 

The spread of the new technology around the middle of the fourteenth 
century had been promoted especially by the Visconti, then also by the 
Carrara, the Este, the king of Aragon, and the pope. Subsequently 
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many other territorial rulers actively promoted its diffusion at their 
residences and cities. 

After installing a clock at Windsor, Edward III of England did the 

same between 1366 and 1369 at his residences in Queensborough, 

Sheen, and King’s Langley. The first public clock in London was built 

during the same period in the Palace of Westminster. In the following 

decades it was maintained by the king.*7 

In addition to his residence at Vincennes, Charles V of France also 

provided clocks for his palace of St. Pol in Paris and for his residences 

Beauté-sur-Marne (1377) and Montargis (1380). The first public clock 

of the city of Paris, the Horloge du Palais, was built on his initiative 

(1370). The king supported the tower clock of the cathedral of Sens 

(1375) by sending a bell-caster and the royal clockmaker, Pierre Merlin. 

In addition he granted a deduction of five hundred livres from the 

dues of the city. In Noyen he made possible the completion of the city 

clock in 1379 with a grant of one hundred gold francs. The public clock 

in Avignon, which the Pope was having built for the city, received 

support from the king in the form of his royal clockmaker Pierre de 

Ste. Béate (1374-1375). During the reign of Charles V’s successor, the 

palace of Melun was given a clock, and Pierre Merlin built the large 

clocks of Angers (1384) and Poitiers (1387). Charles VI lent emphatic 

support to the construction of a large clock, modeled after the Paris 

clock, in a bridge tower in Lyons (1381). He also intervened on the side 

of the citizens of Nimes, who wanted to place the city clock in the 

tower of the cathedral against the opposition of the canons (1399). 

Charles VII continued this tradition of royal initiatives with a gift of 

two hundred livres for the clock in Blois (1452).*8 

The French princes of blood were not far behind in their activities. 

The Duke Jean de Berry had the clock of the Cathedral of Bourges 

built in 1372 for five hundred gold francs, and brought in a clockmaker 

from the realm for the project. He equipped his residences La Nonette 

and Mehun-sur-Yévre with clocks in 1378, and arranged for the build- 

ing of an enormous clock tower in Poitiers, the capital of his appanage, 

defraying 70 percent of the cost himself. The city clock in Riom was 

installed at the request of the Duke (1391), as was that of Niort (1396), 

where a special tax was approved. The clock of St. Jean-d’Angely 

(around 1400) was most likely a gift from the duke. In Villefrache-en- 

Rouergue he supported the clock project with a donation of two hun- 
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dred francs, in Vierzon the use of an “aide” was approved in 1428 for 

the city fortifications and the public clock.*® The picture we get already 

from the scattered evidence shows the influence that those with politi- 

cal authority had on the diffusion of the new technology. However, 

the true extent of this active modernization from the top becomes fully 

apparent only in the very substantial documentation from the realm of 

Burgundy. Like their peers, the dukes of Burgundy were collectors 

of valuable and complicated clocks. Several permanently employed 

clockmakers looked after this collection. They also maintained the 

clocks in the residences and city palaces, twelve of which can be docu- 

mented by the beginning of the fifteenth century: Rouvres, Montbard, 

Villaines, Germolles, Brussels, Bruges, Ghent, Arras, Male, La Man- 

toire, Hesdin, Locquignol, and Le Quesnoy. 

Dijon, the capital of the duchy, received its public clock through a 

spectacular act of plunder. After the victory over the rebellious Flemish 

in the battle of Roosebeeke (1382), Philip the Bold had the clock of the 

city of Kortrijk, which was decorated with automata and which the 

chronicler Froissart praised as one of the most beautiful anywhere, dis- 

mantled and taken to Dyon by oxcart. The duke subsidized its rebuild- 

ing in the Church of Notre-Dame with one hundred francs, to which 

the duchess added another fifty. The Jews of Dijon and Italian money- 

lenders were encouraged to make smaller donations. The larger part 

of the expenses, however, had to be covered by a special tax levied on 

the citizens.*° 

In the Netherlandish territories the Burgundian dukes were in- 

volved in the installation of public clocks in part as active promoters, 

in part in their capacity as lords over communal finances. Mons, in the 

region of Hainaut, did not have a belfry at the time. The duke gave 

the citizens permission to install the clock in his palace. Afterwards he 

also paid for half of the expenses of maintaining it. The duchess gave 

the city of Lens a gift of twenty francs for a clock. In 1394, Aire-sur- 

Lys received two hundred francs from the duke, also as a gift. This is 

of interest because the work bell of Aire-sur-Lys that was authorized 

in 1355 led Jacques Le Goff to call the public clocks the instruments of 

the merchant class.*! The duke’s donation, which became known after 

Le Goff’s essay had been published, shows that the new “time of the 
textile workers” could prevail in this city only with strong assistance 
from the territorial lord. To gifts of this nature were added supportive 
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measures in regard to taxation. In 1396, Sluys was authorized to levy a 
tax for the building of the town clock; Tamise was allowed to do the 

same in 14.03. Also in 1403, the city of Termonde received permission 

to sell life annuities to renovate an existing clock. 

In the duchy of Burgundy, Beaume, at the request of its residents, 

was authorized in 1395 to use part of their salt dues for a clock, on the 

grounds that the clock was of use not only to the city but also to the 

ducal officials and judges. That was also why the duke urged swift 

completion of the project. Chalon-sur-Sadne, too, arranged its financ- 

ing in this way with ducal help (1402-1407). In Nevers, the duke in 

1399 authorized only the use of one of his buildings; the costs had to 

be borne by the inhabitants themselves. 

Comparable measures can be observed during the entire Burgun- 

dian era. John of Burgundy granted the citizens of Auxerre permission 

in 1457 to move the city clock to one of the fortification towers. The 

last city to acquire a clock with help from the dukes of Burgundy was 

Nivelles. The circumstances remind us of the events in Dijon and seem 

like a kind of revenge for the removal of the clock of Kortrijk. In 1496, 

Charles the Bold used his festive entrance into Nivelles as duke of 

Brabant as the occasion to present the city with a large clock with fig- 

ure automata.*? 

There are many instances in Spain, France, and the Netherlands 

where rulers large and small followed these examples. The Spanish 

king authorized a clock and a bell in Barcelona (1392) on the grounds 

that striking clocks had been invented to allow the citizens of honor- 

able cities to live orderly lives and to call sleepers and idlers to virtuous 

works.** Italian princes continued the active support of urban innova- 

tion that the Visconti had begun. Cansignorio, lord of Verona, had a 

clock and a clock tower built in the city (1371). Pinerolo in Piedmont 

acquired a public clock in 1379 at the initiative of Count Amadeus VI 

of Savoy. Prior to that the count had already ordered the procurement 

of a clock in Chambery; it was installed in a tower of his palace at the 

expense of the citizens. The clock in Turin was presumably also the 

result of his initiative. The Duke of Tuscany, Cosimo Medici, donated 

a clock in Prato in 1571 for the common weal of a section of town, 

apparently because the town clock could not be heard everywhere. 

In many different ways the territorial lords were involved in the ac- 

quisition of public clocks in the cities of their realms. The authoritative 
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character of a ruler’s support for innovation emerges wherever the au- 

thority figure acts in person, or where action is taken explicitly on his 

orders, “iussu domine.” The patronage aspect of this support is evident 

where gifts or subsidies made the acquisition possible to begin with. 

The fact that such gifts also came with a political price is not im- 

portant. What matters is that they influenced the date and possibly 

also the quality of the acquisition. Where the use of taxes and dues was 

authorized for financing public clocks, the inhabitants or participants 

in a city’s market paid with their own money; only the levying of taxes 

and dues was tied to rights reserved to the lord. In the sixteenth cen- 

tury in France, the construction and maintenance of public clocks was 

dissociated from special authorizations and made a permanent part of 

the communal budget. At the diet of Blois 1n 1576, the cities were given 

the power to dispose directly over appropriations for public buildings 

from the authorized taxes. The upkeep of clocks was explicitly men- 

tioned as one of the maintenance tasks.*5 

It is striking, moreover, that the financing of public clocks with par- 

ticipation from the territorial lords was customary only in the Nether- 

lands, France, and in a few Italian territories, but not in the cities of 

the Holy Roman Empire. Participation of the rulers in the investments 

made by cities in France, Burgundy, and Savoy thus reflected, in one 

sense, a lower degree of communal autonomy. But the flip side of this 

was a closer financial dependence and a closer political alliance, which, 

at least in the smaller cities, created favorable conditions for innova- 

tions that were initiated at the top. 

The taxes authorized by a territorial lord were used not only to build 

the public clock. Frequently they were also used to finance, in conjunc- 

tion with the clock, fortifications, guard and church towers, the repair 

of damage caused by fire and war—in other words, a whole range of 

communal investments in infrastructure. At least in the Burgundian 

cities it was even customary that small cities received support from the 

ducal treasury for such projects.*¢ 

To be sure, the acquisition of a public clock was not only a utilitarian 

undertaking. A clock was also a prestigious project that brought re- 

nown to the city as well as its lord. Even though we find only occa- 
sional explicit statements to this effect in our sources, the frequent 
mention of public clocks in the chronicles of the cities and those of 
the ruling houses makes this sufficiently clear. Even if a part of the 
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authorizations went back to requests and petitions submitted by the 
cities, the decisions made by the lords and rulers were surely influenced 

or accelerated by the projected installation of a public clock. 

The prestige value of these installations is particularly evident in a 

specific kind of permission granted by the territorial lords, in which 

financial considerations played no role. Since the public clock should 

be audible to everybody, it was, where possible, installed in a commu- 

nal tower. In cases where the time signal was not struck on the commu- 

nal bell itself, the hour bell was usually installed next to it. The typical 

location of the public clock was thus from the beginning a politically 

highly sensitive site. The communal tower and the communal clock 

were legal and symbolic expressions of communal autonomy and from 

the thirteenth century on the center of the city’s system of signals (see 

chap. 7). Communal rebellions against the territorial lord — often initi- 

ated by the ringing of the public bell—were frequently punished in 

France and the Netherlands by the loss of the right to a tower and a 

bell and often also by the destruction of these symbols. From the sec- 

ond half of the fourteenth century, justifications for restoring the right 

to towers and bells mention public clocks as an argument, one in 

which pragmatic considerations protect or conceal events of great sym- 

bolic importance. 

The residents of Cambrai had revolted against their episcopal lord 

at the beginning of the thirteenth century. In response the bishop had 

punished the city by destroying the belfry and the communal bell.*” In 

practical terms the citizens could no longer ring the bell for rebellious 

gatherings; they had been symbolically humiliated. In their struggle 

against the bishop who denied them a tower and a bell they sought 

help from the Roman Emperor Wenceslas. Their efforts were success- 

ful. In 1395, Wenceslas granted them permission to build a belfry with 

a tower clock. The bishop’s resistance to this undertaking was broken 

only at the beginning of the sixteenth century, when Maximilian I re- 

newed this permission. 
In 1388, the citizens of Béthune in Flanders petitioned the Count of 

Namur for permission to build a new belfry of stone, assuring him 

that only the town bells and a striking clock, the sort that was common 

in the regions’ other cities of renown (“bonnes villes”), would be in- 

stalled there. Following a civic uprising in Rouen, the belfry had been 

torn down in 1382 and the bell of the community had been taken away. 
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In 1389 the citizens requested that the permission for a belfry and a 

bell be restored, on the grounds that they wished to install a clock 

there. The king granted both requests, and the city chronicle reports 

that construction for the “grosse orloge de Rouen” began the very 

same year. Augen, too, had lost its bells after an uprising. When the 

French king reauthorized the chiming of the clock, the consuls assured 

him that only two bells existed, one for the clock and one for the 

school.** 

Its connection with the city tower and the city bell made the public 

clock a political object within the lord’s sphere of responsibility. This 

also gave rise to unspoken obligations. As Pope Pius II, Enea Silvio 

Piccolomini began, in 1459, to rebuild the Tuscan village of Carignano, 

which belonged to his family, into a modern city. Under the name 

Pienza there arose a Renaissance city whose plan was based on a uni- 

form aesthetic and urban concept. Around a piazza, Pius I arranged 

for the building of a cathedral, an episcopal palace, a palace for the 

Piccolomini family, and finally a communal palace with a tower for the 

city’s bells and a clock. The clock was built in Rome and taken to 

Pienza. The lord of the city wanted to furnish the town with every- 

thing, and in the middle of the fifteenth century that included a public 

clock, a detail the papal builder expressly mentioned in his autobiog- 

raphy.*? 

Competition for prestige and the clock as ornament of the city: 
Communal initiatives 

The overall contribution that territorial lords great and small made to 

the diffusion of public clocks in the cities of Europe was undoubtedly 

impressive. Still, even in regions where such activities are very densely 

documented they were not the rule. In the vast majority of cases we 

must assume that the impetus for the acquisition of public clocks came 

from the communities themselves. The relatively few texts that allow 

any kind of inference about the nature of communal initiatives confirm 

what has been variously conjectured: inter-city competition for pres- 

tige was a motive of considerable importance behind the drive to get 
a clock.®° In addition, we can see the considerable contribution that 
powerful ecclesiastical institutions made in large cities, and the no less 
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important participation of the churches through cooperative behavior 
nearly everywhere. 

Competition for prestige means that a city acquired a public clock 

because other cities already had one. It also means that the expendi- 

tures involved with the clock were intended to express the rank of the 

city as compared to the capital or to neighboring cities of a region. 

Undoubtedly the territorial lords also competed amongst one another 

for prestige when they helped their cities to acquire what was at times 

a particularly costly clock; however, the competitive motive is specifi- 

cally addressed only in the cities. 

The earliest testimony to this ambitious race to obtain a prestigious 

innovation is an addendum — noticeable for its peculiar linguistic pa- 

thos — to the dry supplements (comprising hundreds of articles) to the 

statutes of the city of Ivrea in Piemont, dating to the year 1368. In an 

almost excited tone, the city boasts that it is distinguished over all the 

other cities by the light of virtue. In order that the city be fortified also 

by the light of understanding and honor, one hundred gold gulden, 

and more if necessary, should be set aside to acquire a striking clock, a 

“horologium pulsatile.” All this should happen quickly and without 

the least delay. 

With less pathos, though speaking more clearly to the point, the 

small town of Schweidnitz in Silesia tried, as early as 1370 (the year in 

which Paris obtained the first public clock), to outdo the far larger and 

wealthier city of Breslau. Representatives of the city council requested 

from a Breslau clockmaker “a clock equal to the one in Breslau or bet- 

ter.” In 1391, Lucca commissioned its clockmaker to fashion the clock 

for the Palazzo Pubblico equal to or better than the clock in Pisa. In 

San Gimignano, the council decided in 1410 that the city should re- 

ceive a clock just as the other, better towns of the region had. Padua 

did not wish to be outdone by Treviso when it installed a new clock 

with elaborate indications. And for all the cities in the region of Vene- 

zia, the public clock in Venice was the model to be imitated.*! The 

clockmaker in Namur in 1393 demanded an especially high price if the 

clock was to be as good as the clocks in Brussels and Mons. In Aarden- 

burg a clock was commissioned that was to be as good, as beautiful, 

and as heavy as that in the neighboring city of Sluys (1397). 

The Horloge du Palais that was built in 1370 at the initiative of 



142 

GEA AE Reservar: 

Charles V in a corner tower of the Louvre by the Pont au Change, 

while it was not the first public clock of the realm, was for a long time 

the influential model in France. In 1381, a clock like the one in Paris 

was to be built in Lyons in a bridge tower at the Saone river, as a 

contribution to the common weal of the city and the surrounding ter- 

ritory. When the clock in the cathedral of Chartres was rebuilt in 1392 

with the addition of a striking work, the chapter agreed that the clock 

should become “like the one of the Palace of Paris.” At the beginning 

of the sixteenth century, a stone pavilion was erected next to the cathe- 

dral. It was to house the clockwork and be equipped with a dial on 

the outside. The contract with the bell-caster bears out the continuing 

rivalry with the model in Paris: he was to make the bell “after the man- 

ner of the clock in the Palais in Paris or better. The sound shall be 

equally as beautiful and harmonious, in the proportion and amount of 

the metals the bell shall be heavier than that in Paris.”°? 

No city wanted to be outdone by anyone else. In justifying a salt tax 

for the city clock in 1410, Montpellier declared that a French city of 

some renown simply owed it to itself to have an automatic striking 

clock. In Holland in the sixteenth century, the clock of the Groote 

Kerk in The Hague was the measure of all things. In Amsterdam a 

similar one was demanded in 1516 for the tower of city hall; the inhabit- 

ants of Delft wanted one for their town hall that was in every respect 

better (1570). 

Such battles for prestige can be observed also within regions. In 

1557, Montelimar commissioned the installation of a costly clock with 

figurative automata that was to be like the city clock in Romans. The 

fact that the clock in Romans had very nearly ruined that city’s finances 

was ignored. Clocks became the object of competition for prestige 

even within some cities. In Reggio Emilia, Bartolo de Comadri made 

a commitment to the monastery of S. Maria delle Grazie in 1463 to 

build a clock that was as beautiful as the one his brother-in-law Paolo 

de Raineriis had constructed for the church of $. Domenico.*% 

The territorial lords lent their support to this “urbanization for rea- 

sons of prestige” (B. Chevalier). The citizens of Rennes in Brittany had 

decided, quite late (1467), to build a clock tower. In the process a quar- 

rel had arisen in the city over how much should be spent on the bell. 
The contending parties appealed to the duke, who decided that they 
should make the largest bell they possibly could. The scale of the ambi- 
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tious project led to technical setbacks during construction, but after a 
few years Rennes had one of the most famous clock towers and prob- 

ably the heaviest clock bell in France.*+ 

In texts that give reasons for and justify public clocks, there is fre- 

quent reference to the common welfare and the general utility of pub- 

lic time indication. Accordingly the entire city was always treated as 

the intended audience of the time signal. The sole exception is the 

clock of Pref$burg in Slovakia, where a clock with three dials is said to 

have been built in 1410. According to the account we have, the dial 

was omitted on the side facing the ghetto, because the Jews of the city 

did not want to contribute to the costs for the clock. In the small town 

of Coulommiers not far from Paris, the clock was described not only 

as practical, but also as a highly useful investment in the future.** 

However, the reference to the common welfare is also an old formula 

that legitimated public investments against potential objections from 

special interests, and justified the right to pass the costs on to the gen- 

eral public.° It was irrelevant whether these investments came in re- 

sponse to initiatives of the territorial lord or at the “urging of the cit1- 

zens.” The old formulas had long been used for all kinds of public 

building projects (roads, bridges, fortifications, wells, or canals), and 

when it came to the hiring of communal doctors or teachers. The clock 

was the “urban investment par excellence” (P. Wolff), and since it com- 

bined practical and symbolic utility the cities usually spared no ex- 

pense? 

“Communal initiative” does not mean that the impetus always came 

from the political community. Initiative or support in the cities came 

from the chapters of important cathedrals and from large monasteries 

more frequently even than from territorial lords with their urban resi- 

dences. This does not reveal a special interest distinct from that of the 

community; rather, it reflects the continuing political and economic 

importance of these ecclesiastical institutions in the urban sphere. In 

England, cathedral chapters and monasteries nearly everywhere took 

the place of the poorly developed communal institutions, which in the 

fourteenth century barely had any representative buildings of their own. 

The influence of wealthy chapters and monasteries 1s even more pal- 

pable in the larger French cities. In many cases they arranged for the 

installation of a public clock before the civic community did so. This 

is securely attested in Reims, Chartres, and Tours; it is likely for 
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33. Miniature of the town hall 

square in Lucerne with the tower 

clock installed in 1408. Diebold 

Schilling’s Luzerner Chrontk (1513). 

Rouen, Autun, Lyons, and Troyes. To this we must add cities in which 

the territorial lords did not support the cities as such, but the cathe- 

drals, in making these acquisitions: for example in Bourges, Sens, and 

Angers. In the Holy Roman Empire, too, bishops and cathedral chap- 

ters procured public clocks or supported the cities in doing so: for 

example in Mainz, Minden, and Xanten.** At times this, too, could 

lead to intra-city competition for prestige. According to a chronicle of 

the city of Konstanz, the canons of the cathedral angrily suspended 

their project in 1438 because the bishop had beat them to it: “[T]hen 

the clock and the dial at Saint Stephan’s was made by Count Ott von 

Roteln, who was the bishop. And the canons of the cathedral had also 

begun a clock . . . which they immediately abandoned angrily, because 

Count Ott had placed the clock in Saint Stephan’s.”®? 

In cities large and small, churches expressed their cooperative atti- 

tude by making buildings or bells available, and not infrequently also 

by their willingness to defray a part of the expenses for constructing or 

maintaining the clock. Conflicts over the public clock in ecclesiastical 

buildings were very rare and never concerned the clock itself or the 

time signal. In many cases the cooperation was fixed in contracts and 

agreements that outlined the rights and duties of a church and the 
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political community. In these contracts and agreements, mention is 

made of the fact that the public clock is useful also to ecclesiastical life. 

Stull, the political community was always regarded as the party most 

interested in the clock and as the principal target of the time signal. 

Ecclesiastical and territorial law during the following centuries ad- 

hered to the principle that the primary beneficiaries of public clocks 

were not the churches but the communities. 

A typical example for the form that cooperation between church and 

community took in the installation of a public clock comes from 

Montreuil-sur-Mer. In a document from the year 1377, the abbot of 

the monastery of St. Sauve authorized the citizens to rebuild one of 

the towers of the church for the clock in such a way that the tower 

could be entered without disturbing the life in the monastery. Another 

condition was that the clock bell not be rung for other purposes. In 

their petition to the abbot, the citizens of this small textile town had 

made reference to the usefulness of the hour indication for the com- 

mon welfare, and the abbot had accepted this argument. What makes 

this document special is the opening letter “A,” which has been de- 

signed as a small vignette; it contains what is probably the earliest de- 

piction of a public clock (fig. 34).°' Above the tower housing the styl- 

ized clock with a bell and a jack in the upper level hovers a birdlike 

demon, who threatens on a speech ribbon to topple the tower. In the 

34. Initial “A” with a tower clock, THe A aonwsene 
2 fron fee Runes 

in a document from Montreuil-sur- ee batles 

Mer, 1377. Paris, Archives Natio- Vea hors 

nales, KK 532 no. 2ter. aovwefieable of 
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left stroke of the letter we can make out the “échevins” (assessors) who 

are entrusting the well-built clock to the protection of the saints. 

As a prestige-enhancing project, the public clock quickly became 

one of the features that distinguished a city as a city and was thus part 

of the urban decor. From the beginning of the fifteenth century, at the 

latest, possession of a public clock was part of a city’s self-identity — 

this, too, was a factor that promoted its diffusion. The expensive de- 

sign of the public clock increased a city’s renown and bolstered its 

self-confidence. 

In a case before the parliament of Paris, it was said in regard to the 

Horloge de Palais that King Charles V had it built for the “ornamenta- 

tion of our city.” A chronicle from Magdeburg described the purpose 

of a new clock in city hall as follows (1425): “for the honor of the city 

and the utility and comfort of the citizens.” The large new clock in the 

city hall of Avignon, the installation of which began in 1461, was also 

intended to increase the “honor and beauty” of the city.°? 

We can trace the process that made the clock part of the urban decor 

much more clearly and far more frequently in the pictorial sources than 

we can in the texts. From the beginning of the fifteenth century, we 

find naturalistic city views with realistic depictions in miniatures, on 

altar panels, and in oil paintings. At the same time it became customary 

in the large cities to equip the public clocks with dials. The acoustic 

time indication was now joined by a visual indication. It is evident that 

this was a process that was independent of the diffusion of public 

clocks and began later. In Paris, the keeper of the Horloge du Palais 

complained in 1419 that the dial that was installed added to his work- 

load. In Siena it was not until 1424 that a dial “que mostra le ore del 

giorno” was built for the clock that dated back to 1360. In Oudenburg, 

the clock from the year 1383 was given a “a dial with a hand indicating 

the hours” in 14.02. Liineburg had a public clock since 1379; in 1445 a 

“dial on the clocktower” was added.*°? 

Miniaturists and painters often documented this new addition to 

the cityscape with noticeable pride. At the same time it became ele- 

vated to the attribute of the ideal city. The iconographic evidence is 

not mere illustration; rather it supplements or replaces written sources 

in regard to many otherwise unknown topographical and architectural 

details. It also bears out the news-value of public clocks and the place 
they held in the cityscape. 

In an altarpiece from the school of Avignon, the dial of the cathedral 
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35. Miniature with a tower clock. 

From Histoire de St. Mitre, attributed 

to Nikolaus Froment (end of the 

fifteenth century). Cathedral of St. 

Sauveur, Aix-en-Provence. Photo: 

Ministere de la Culture, Inventaire 

général des monuments et des rich- 

esses artistiques de la France. 

in Aix-en-Provence dominates the depiction of a city square (fig. 35). 

The only other information we have about a public clock in Aix comes 

only from a very brief mention in a later text.** The famous Horloge 

du Palais appears in a fifteenth-century miniature because the dial in 

the picture has been enlarged, moved higher, and shifted to a broad 

side of the tower at the old Louvre. Along with it we see the dial of a 

second, unidentified clock (St. Eustache? St. Paul?).° 

The prominence given to the clock in the cityscape is clearer still 

in two miniatures (figs. 36, 37), which are better grouped among the 

idealizing city views. A fifteenth-century Paris manuscript of the 

Chronicle of Jean Froissart contains the scene of the execution of Guil- 

laume des Pommiers and his secretary in Bordeaux in 1375. The minia- 

turist has taken a real city (Paris? Bordeaux?) as his model for the depic- 

tion of a typical city. In the picture of a Cologne painter, the panorama 

of Cologne becomes the backdrop for the intermingling of real and 

idealized elements. The oversized dial on the spire of St. Lorenz that 

dominates the center of the picture may have belonged to a clock for 

which all textual evidence has been lost. Several of the depictions of 

the martyrdom of St. Ursula and of the 11,000 virgins, which was pop- 

ular in the fifteenth century, show similar scenery (fig. 38). 

Realistic as well as stylizing city views are found in the woodcuts to 
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36. Entrance of Isabella of Bavaria into Paris in 1398, from an illuminated 

manuscript of the Chronicles of Jean Froissart (fifteenth century). London, 

British Library, Ms. Harley 4379, folio 3. 

Hartmann Schedel’s “Chronicle of the World.” The view of Erfurt is 

evidently based on a good model (fig. 39). However, the artist uses 

dials also as architectural props in imagined city views. The woodcut 

used to illustrate Ferrara (fig. 40) is also found in descriptions of 
Damascus, Perugia, Siena, Mantua, Naples, Verona, and Krain in 

Carinthia. . 

Like towers and walls, the public clock had become an urban attri- 

bute. Beginning in the fifteenth century it was also a permanent ele- 



37. Execution scene in an illumi- 38: Arrival and martyrdom of St. 

nated manuscript of the Chronicles Ursula in Cologne (detail). Cologne 

of Jean Froissart (fifteenth century). Master (around 1450-60). Cologne, 

Paris, Bibliotheque Nationale, Ms. fr. | Wallraf-Richartz-Museum. Photo: 

2644, folio 1. Rheinisches Bildarchiv. 
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39, 40. Views of Erfurt and an imaginary city in Hartmann Schedel’s Welt- 

chronik (14.97). Munich, Bayerische Staatsbibliothek. 
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ment of city iconography in the depictions of cityscapes. The October 

miniature in the Breviarium Grimani, a work that was produced in the 

Netherlands, uses strong colorization to emphasize the clock amidst 

the grey-blue hue of the city tower and walls (fig. 41). At the same time 

the clock is singled out as one of the characteristics that distinguished 

life in the city from life in the surrounding countryside. The pictorial 

sources confirm the observation of the Black Friar: “In cities and 

towns men rule themselves by the clock.” 

Administrative diffusion — Clocks in villages — The public clock 
as the object of “good administration” (“Gute Polizei”) 

Beginning in the fifteenth century, the diffusion of public clocks 

through direct or indirect pressure from territorial administrations be- 

came the customary pattern. Initially this third form of active promo- 

tion of innovation supplemented the continuing, specific supportive 

measures by territorial lords and the acquisitions of communes that 

were driven by motives of prestige. It was aimed more at small towns 

and villages than at cities, most of which had by now acquired clocks. 

Only in these small towns and villages did this supportive policy occa- 

sionally encounter delaying or recalcitrant reactions from their inhabit- 

ants; as a result, these residents were, right up to the nineteenth cen- 

tury, the recipients of special administrative attention and admonitions 

to maintain the clocks, and the targets of administrative supervision. 

The diffusion of clocks through the actions of administrations re- 

sembles the previously described measures of territorial lords in its 

effect, meaning that clocks were installed in places that would not have 

procured clocks, or not at this particular time, without such support. 

The policy of the administrations differed from that of the territorial 

lords in that it was not aimed at specific places. Instead, it encompassed 

all localities of a region or tried, by means of general regulations, to 

diffuse public clocks to all localities within a given area. 

Once again the first evidence comes from northern Italy, where the 

territorial lords’ policy of procuring clocks seems to have taken on sys- 

tematic features early on. Initially the policy concerned small localities 
that were distinguished in some way as military strongpoints or 
princely residences. In 1422, the Marchese d’Este, lord of Ferrara, sent 
a clockmaker to Fossadalbero with the order to build several clocks. A 



beginning of the sixteenth ( Month of October in the Breviarium Grimani 

erso. q folio 10 \ Ms. lat. XI 67, Biblioteca Marciana, ). Venice, century 
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petition from a clockkeeper in Castelnovo Bariano reached him in 

1436: the man had fallen and injured himself during his nightly check 

of the clock in the tower, and was asking for overdue pay. In the same 

year the marchese commissioned the building of a clock for his castle 

in Voghenza. During the second half of the fifteenth century, the Gon- 

zagas of Mantua saw to the procurement, in some form or another, 

of clocks in Volta, Goito, Quistello, Bozzolo, Canneto, Marcaria, and 

Isola Dovarese.°° 

Around 1473, the administration of the Milanese dukes of the family 

of the Sforza undertook, in the region around Novara, a new kind of 

systematic clock procurement for small and very small localities that 

were not in any way connected to strongpoints or residences. Pre- 

served in the ducal archives is a partial list recording all localities in this 

region that have a clock, those that are to acquire a clock, and those 

that are supposed to contribute to its financing.®” If we plot this list 

onto a map, it becomes clear that the project was intended to provide 

complete geographical coverage. The average distance between the 

sites where clocks were located was to be less than five kilometers. 

The time signal would have reached the entire region around Novara. 

However, as the financing scheme reveals, the rationality of this plan 

had its limitations. Individual places were supposed to help pay for 

clocks that were not geographically closest to them; a few were to pay 

for clocks they could by no means have heard. Moreover, communal 

boundaries were irrelevant. The methodical treatment of the area 

was evidently thwarted by traditional situations of ownership and de- 

pendencies. Unfortunately we can no longer determine whether the 

planned clocks were actually built, and whether such administrative 

procurement measures were undertaken more often — which would be 
even more revealing. 

As was true for cities in the fourteenth century, relatively wealthy 

villages in the fifteenth century also acquired clocks on their own ini- 

tiative. Such acquisitions probably began around the middle of the 

fifteenth century. From this time clocks appear in small cities and 
villages. In 1445, Boussoit-sur-Haine in Hainaut financed a clock 

from its own funds. Sources from Ghent reveal that Nazareth, Lede, 
Waarschoot, and Evergem employed clockmakers from this city.°* We 
are hardly in a position to say anything about the frequency and extent 
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of such acquisitions; because of the particularly unfavorable survival 

of sources, the information we have is simply too widely dispersed. 

However, there are indications that Italy in the fifteenth and sixteenth 

centuries had fallen behind the northwestern countries. Antonio de 

Beatis, secretary to Cardinal Luigi of Aragon, described Germany and 

Flanders in his travel account (1517-1518) as regions in which even the 

smallest collections of peasant houses had “quadrants to indicate the 

hours without the sun,” though these did not strike. L. Guiccardini 

repeated this observation in his description of the Netherlands (1567): 

not only cities, but villages, hamlets, and the better houses, too, had 

clocks. Both men evidently expressed in this way their experience of 

something that had no counterpart, at least in Italy. In the account of 

his journey to the baths (1580-1581), Michel de Montaigne, in turn, 

highlighted Switzerland as a region where even the smallest church 

possessed a splendid clock. He, too, complained about the lack of pub- 

lic clocks in many parts of Italy.°? Montaigne’s impression of Switzer- 

land is more than confirmed by the miniatures in the Lucerne Chron- 

icle of Diebold Schilling. Schilling depicts not only a number of urban 

clocks, but on several occasions also village clocks, especially in the 

Alsace and the Vaud region, which he considered to be particularly 

wealthy (fig. 42). To be sure, in some instances the documentary value 

of the miniatures is more than questionable.” Still, such testimony 

shows that around 1500 public clocks were no longer something un- 

usual in the villages of northwestern Europe, but were considered part 

of the decor of a wealthy village. 

In the heartland of the German Empire we can trace the spread of 

public clocks in the small towns and villages only from the sixteenth 

century on: at first through scattered references in reports of the de- 

struction wrought by the Peasants’ War, later and in much greater fre- 

quency in the visitation decrees from Protestant areas. According to 

these ecclesiastical records the visitors checked not only the punctuality 

of the chiming and the services, but the duration of the sermon as well. 

Divine services and school statutes frequently presuppose the existence 

of striking clocks and sandglasses, and the presence and condition of 

these clocks was also routinely inspected. Countless admonitions to 

the sextons and schoolmasters to be diligent about “setting the clock,” 

and regulations concerning their pay—in the cities it came “from the 
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42. The village of Brunnstadt in the Alsace, Diebold Schilling’s Luzerner 

Chrontk (1513). 

council,” in the villages “from the communal treasury” — put it beyond 

doubt that the vast majority of villages had at least one simple striking 

clock as early as the sixteenth century.”! 

Inspections of the existing clocks in villages were also done in the 

Catholic areas. For example, after the Thirty Years’ War, a visitation 

account from the Sundgau (1647) records village by village the condi- 

tion of the bells and clocks in rigid formulas such as “campanae cum 

horologio perditae” (“bells and clock ruined”), or “campanae 3 adsunt 

sed horologium destructum” (“three bells are present but the clock is 

destroyed”).”? Occasionally villagers had to be forced to pay for the 

maintenance of the clocks. For example, we read the following in a 

visitation decree in Arzberg (1618): 

Some years ago in Arzberg they had a clock made which 

strikes a bell. The residents of Nichtewitz and Kaucklitz are 

supposed to contribute, the owners of a hide of land 1/2 

Reichstaler, gardners 1 local taler, but they are unwilling to 
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do so. Previously their excuse was that they couldn’t hear the 
clock. Now they have admitted that they can hear it but still 

they don’t want to pay: they are to pay their share; where 

they don’t the authorities shall make them.” 

Protestant territorial sovereigns, as holders of the highest ecclesiastical 

authority, supported these efforts with general territorial and ecclesias- 

tical statutes. The Ecclesiastical Constitution of Saxony that was passed 

in 1580 (and adopted for Lower Saxony in 1585) required the acquisi- 

tion of a clock, or at least a sandglass, by territorial law. As the immedi- 

ate purpose the Constitution mentions church services, but beneficial 

effects were expected also in other spheres of housekeeping: 

§39. And in villages without a clock, the pastor should ad- 

monish the church, and in particular the people who can 

afford it, to buy one, so that the church-offices can be car- 

ried out at the appropriate time in accord with the clock, 

and the people in other respects, too, should be guided by it 

in their housekeeping. 

But if the parishioners are so poor that they cannot buy a 

striking clock, the pastor shall give thought to a sundial, 

which can be obtained at little cost. And until it is installed, 

the sextons shall learn from the pastor who has a compass, 

or purchase it themselves, and the sexton shall use it to deter- 

mine the ringing.”* 

“Portae, pulsus, pueri” (“gates, bell strokes, children”) — thus went 

a familiar saying attributed to Charles V in the early modern period. 

Solid and guarded walls and gates, proper schools, and orderly bell 

strokes would thus have been for the emperor characteristics of a well- 

governed city. However, “pulsus” has also been interpreted to mean 

that in every city the emperor visited his first concern was the function- 

ing of the public clock. Both variations are frequently attested, even 

though the origin of the formula can no longer be ascertained.” 

The reported saying of Charles V was not just a casual wordplay, for 

around 1400, schools and public clocks were relatively new, and 

around 1500, relatively typical elements of urban life. The emperor, a 

famous collector of clocks, may well have occasionally paid attention 

to the functioning of the public clocks. More revealing 1s the symbolic 

equating of functioning clock, orderly administration, and “law and 



156 

QAR ADE, RemryIOv aes 

order.” Here expectations and experiences with the clock are con- 

densed into an image whose traces we can follow back to the early 

years of public clocks. 
In the sources on the Horloge du Palais in Paris we read that the 

French king had the clock built to promote the orderly running of the 

bureaucracy and the orderly life of the citizens: “ut nostra parlamenti 

curia et habitans ipsius ville melius se regerent et regularent.””° This 

can be understood in very practical terms, but like the comments of 

the English Black Friar quoted at the opening of the book, the reflexive 

use of “regere” and “regulare” has ethically prescriptive overtones. Be- 

yond the experience of practical usefulness, the clock became an image 

for orderly political life. This becomes clear, for example, when kings 

and princes, in anticipation of their visits, admonished cities to pay 

attention to the running of the public clocks.” For territorial lords and 

the cities, clocks had become a sign of the quality of the government. 

In Lyons, the need for a usable communal clock was justified with the 

argument that honorable citizens, merchants, and visitors needed it 

for a regulated life (“vivre plus reglement”). The clock was a character- 

istic of well-governed cities (“bien reglez et gouvernez par bonne po- 

lice”) both large and small in France and in other countries.” 

In the interest of church services and the schools, the Ecclesiasti- 

cal Constitutions from the sixteenth century on placed public clocks 

and their running in the care of the territorial administration. The 

eighteenth-century sciences of public finance (cameralistics) and good 

administration (“Polizeiwissenschaft”) continued this policy. Ac- 

cording to these texts, the “division of the time” served the great vari- 

ety of civic businesses and the ordering of work and leisure (German 

“Zeitverkiirzung,” lit., “shortening of time”). The synchronous run- 

ning of the clocks became the object of “Stadtpolicey,” “good urban 

administration.” The cameralistic texts do not mention that the de- 

mands of the postal system and the transportation system in the 

eighteenth century had long since aroused a new interest on the part 

of the states in public clocks and their running. But they do repeat the 

old arguments when they highlight the practical and decorative func- 

tion of clocks. In the eighteenth century, as well, the procurement of 

public clocks was seen in small towns and villages as something that 
required administrative help from above: “It becomes plainly apparent 
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that a clock has truly become one of the necessities of our life. More- 
over, one would consider it an essential defect of good administration 
if even in the smallest cities . . . one were to look in vain for a striking 
clock. Even in somewhat wealthier villages such a clock . . . is an indis- 

pensable item, a credit and convenience to them.”” 

The clock boom in the fourteenth century 

From the very beginning, the installation of a public clock was consid- 

ered a sign of a city’s openness to innovation, of its wealth and the 

vigor of its administration. We would not be reading too much into 

the sources by saying that the public clock was from the outset treated 

implicitly as an index of urban modernization. This is already born out 

by the frequent mention of these clocks in the chronicles of cities and 

rulers. And it applies not only to the early public clocks in the Italian 

cities, but also to small cities that acquired clocks only relatively late. 

For example, we can still sense the feeling of pride in the newly ac- 

quired object in the city chronicle of Erkelenz in the Rhineland: “In 

the year 1406 the first clock was built at a cost of 15 Rhenish gulden.”®° 

Modern urban historiography has taken over this attitude, in part 

in casual formulations like “already in the year ... ,” in part very ex- 

plicitly by describing the process of acquiring a clock as “early” or 

“late.” N. van Werveke was one of the first to describe the clock of the 

city of Luxembourg. He tells us that it was acquired already in 1390 

and thus at a time when only a handful even of the larger cities could 

boast of having one. A. Rigaudiere calls the installation of the clock in 

Saint-Flor in 1387 an “événement capital” for the urban landscape of 

the Auvergne. As for the cities of Brittany, for which we have dates 

only from the beginning of the fifteenth century, Leguay notes explic- 

itly that this region lagged behind the rest of France.*! Hitherto the 

problem with such statements was not whether they were right or 

wrong in individual cases, but that there were no criteria for judg- 

ments such as “early,” “late,” “fast,” or “slow.” The accumulation of 

dates, which has become possible also because contemporary as well 

as modern urban historiography have paid so much attention to public 

clocks, is one way of remedying this problem. A statistical analysis of 

the established dates when public clocks were acquired can shed light 
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above all on the temporal structure of the process of diffusion. More- 

over, this will also allow us to determine — and possibly explain — re- 

gional peculiarities, accelerations, or delays. 

I have been able to assemble just under five hundred dated mentions 

containing first references to public clocks for specific localities for the 

period 1300 to 1450. These dates were screened using the criteria for 

public clocks suggested above. The count, however, was of cities, not 

of public clocks, with each city appearing only once under the earliest 

date, regardless of the nature and number of its public clocks. Each 

date stands for one of many very different processes. Only in a minor- 

ity of the cases is it possible to unequivocally assign the installation of 

the clock to a specific year. The sources that allow us to do so include 

above all chronicles that report the completion of the work, contracts 

with clockmakers, final accounts, and to a lesser extent, dated bell 1n- 

scriptions. In the sources we can see cities involved in years of planning 

and preparation, but also cities and towns that took advantage of sheer 

coincidence. One such example is the town of Tulln in Lower Austria. 

Konrad, the secretary of this small town, had been bludgeoned to 

death in the year 1372 by the smith and clockmaker Niclas Swaelbl of 

Breslau. Following the trial, the clockmaker had to swear an expiatory 

oath (the “Urfehde” ). The judge and council imposed on him as pen- 

ance a personal pilgrimage to Rome. In addition, he was to build a 

clock with a striking work (“arloy das an sich selber slach”) for the 

parish church of the town. If both things were accomplished by Mi- 

chaelmas (Sept. 29) of the following year, Niclas Swaelbl would go 

free. We don’t know what had brought the clockmaker to Tulln in the 

first place. Evidently he did build the clock, for in the following year 

he was back at work in Breslau.*? The city fathers of Tulln used an 

unusual opportunity to secure the services of an expert, and to procure 

a striking clock for their city a mere two years after the metropolis of 

Paris had done so. In nearby Vienna we hear nothing of a public clock 
at this time. 

In none of the cases can we say anything about the interval —im- 

portant for some theories of innovation — between the spread of infor- 

mation about an innovation and its adoption. Most of the dated refer- 
ence are only termini ante quem. They included notices of repairs and 
restorations, maintenance costs in city accounts, wages for clockkeep- 
ers and oaths of clockkeepers, mention of public clocks in the dating 
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of documents and statutes, modern hour indications, and, finally, 
iconographic evidence. Here the date counted and the date of installa- 
tion might at times be separated by decades. All these cases shift the 

overall chronological picture. Structural changes in a class of poten- 

tially relevant sources have the same effect. Here special importance 

attaches to the rapid growth of written communal administration, in 

particular the spread of urban accounting in the second half of the 

fourteenth century. Circumstances relevant to our question thus lead 

to considerable chronological distortions. For example, the small cities 

of Culemborg (1374), Duderstadt (1397), Pegau/Saxony (1399), and the 

large cities of Leiden (1390), Boulogne-sur-Mer (1415-1416), and Rot- 

terdam (1426) appear in our lists, not with the date of their first public 

clock, but with the date of the oldest extant city accounts, which men- 

tion, as one would expect, also the public clock.** Thus the following 

chronological framework of the diffusion of public clocks should be 

seen as no more than a cautious assessment. 

The chronology and geography of diffusion 

The findings for the early period thus confirm once more what was 

already evident from the list of the first public clocks: the diffusion 

began between 1300 and 1350, with increasing pace in the larger cities 

of northern Italy. Between 1350 and 1360 the new technology was ex- 

ported from Italy to large European residences. 

In the subsequent period (to about 1370), we can trace the diffusion 

of the technology in the German Empire (Augsburg, Nuremberg, Mu- 

nich, Frankfurt, Breslau, Zurich), in the Netherlands (Brussels, 

Utrecht, Deventer), and in France (St. Quentin, Paris). The residences 

of territorial lords became less important. During this decade, at the 

latest, a transition took place from the outside expert who was brought 

in to the resident builder of tower clocks, a transition that was decisive 

for the spread of the new technology. Konrad von Kloten was building 

clocks in Zurich, Master Swaelbl in Breslau, Schweidnitz, Troppau, 

and Tulln. But certainly not every large city had local builders of tower 

clocks. The king of England had three clockmakers brought over from 

Delft, an expert was brought to Paris from Germany, and St. Quentin 

had “maistre Pierre des Olloges” brought in, presumably from the re- 

gion of Lille-Valenciennes.** However, we have hardly any clues to the 
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paths of diffusion for this critical transitional period. Above all, it is 

unclear where the clockmakers working in Prague, in the large cities 

of the empire, and in the Netherlands acquired their knowledge and 

skill. Though the sources from the cities of the empire as a whole are 

striking in terms of volume, in each individual case they are very mea- 

ger, and for Cologne, for example, they are missing altogether. The 

“Nuremberg clock,” as an intermediary form between the Italian 

method of counting the hours and the method used in northwestern 

Europe, does indicate a path of diffusion “through the territory of the 

empire,” but there is no conclusive evidence for this. We are likewise 

unable to determine whether, and if so when, a center of diffusion that 

was possibly independent of Italy took shape in the Netherlands. Even 

though the setback in written administrative records during the great 

crisis of the plague years makes it unlikely that any substantial amount 

of material will be found, it is possible that the archives of north- 

western Europe might yield more new clues. The period between 1350 

and 1370, in particular, deserves more detailed study owing to its im- 

portance for the transition to local production. 

The most striking result of a quantitative analysis is a remarkable 

boom between 1371 and 1380. In this decade our lists show nearly 

eighty cities, about 16 percent of all cases prior to 1450. This means that 

many cities must have acquired the necessary skills during the previous 

decade and that the desire for a public clock was translated into con- 

crete plans. 

This boom is no less pronounced in the “early” regions of Italy 

(around 15 percent) and the Netherlands (over 20 percent) than in the 

“Jate” regions like France. In the heartland of the Holy Roman Empire 

(around Is percent) it appears in the statistics with a small delay, in 

part because of acquisitions prior to 1371. The height of the boom falls 

approximately in the year 1376. This third phase in the wave of acquisi- 

tions, which is characterized by growth rates in two digits, lasted about 

three decades. Its peak, the crossing of the so percent mark, occurs 

before the turn of the century. It was not only the less important cities 

that procured clocks during this period; even cities like Lucca, Mont- 

pellier, Aalst, Brunswick, and Lucerne got their clocks only now. At 

the same time, the proportion of small and very small towns becomes 

noticeable. At the end of the fourteenth century, the diffusion reached 
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the geographic boundaries of Europe with Santiago de Compostela 
(1395), Moscow (1404), and the European colonies of the eastern 

Mediterranean (Cafta/Crimea 1375).85 

These geographic boundaries were simultaneously cultural barriers. 

During the High Middle Ages, Europeans were fascinated by accounts 

about clock automata in the Islamic world. From the beginning of the 

fourteenth century the situation was reversed, and mechanical clocks 

and automata were exported from Europe to the Near and Far East. 

The first piece of evidence is the decision by the senate of Venice to 

permit Magister Mondinus the transfer of eighty gold ducats for an 

artful “horologium” from the kingdom of Cyprus. Four years later 

(1338), the baggage of a company of Venetian merchants included, 

alongside coinage gold and what appears to have been an automatic 

fountain, a “relogium” that was intended for the Sultan of Delhi; 

Carlo Cipolla sees this as the beginning of the transfer of European 

technology to Asia. Thereafter the tradition of such transports to Ori- 

ental courts was never completely broken off. Gillebert de Lannoy left 

a gold watch behind in Rhodes during a diplomatic mission; the 

English king had intended to send it to the Turkish sultan, who died 

while the mission was en route. Following the peace treaty of 1477, 

Muhammed II, the conqueror of Constantinople, asked the Signoria 

in Venice to send a good painter, an expert in eyeglasses, and a 

clockmaker.*° The yearly payments after the truce between the Sublime 

Porte and the Holy Roman Empire consisted after 1577 in part of ship- 

ments of clocks from Ottoman order lists; the clocks were accompa- 

nied by trained clockmakers.*” In strange contrast to these extorted 

“presents” or “tributes” for the private collections of Ottoman digni- 

taries was the reluctance on the part of the Ottomans when it came to 

the introduction of public clocks. In spite of the fact that the tradition 

of public time indication by means of water clocks lived on in some 

cities at this time, the ambassador Ghislin des Busbecq tells us that the 

Ottomans had no interest in public clocks with European technology. 

European firearms were being adopted, but not printing presses, 

because printed sacred scriptures would no longer be sacred; public 

clocks were likewise not adopted, because they would have under- 

mined the authority of the muezzin.** We are told that Murad II 

(1574-1595) had plans to introduce striking clocks “like in Venice,” but 
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gave them up under pressure from the clerics. Only in the Balkan re- 

gions conquered by the Turks do we hear in the sixteenth century of 

public clocks from “the time of the infidels.”*? 

The wave of acquisitions following the boom of 1371-1380 lasted 

until approximately 1410. By this time the larger European cities had 

installed public clocks. Thereafter the growth rates in all regions drop 

very noticeably below ro percent (in each case compared to the previ- 

ous decade). The curve of the assembled acquisition data thus shows 

the S-shape that is typical of diffusion processes. However, the flat- 

tening out of the curve, which becomes even more pronounced after 

1450, does not have to do in this case with the satisfying of existing 

needs. In actuality, as we have seen, a phase of procurement aimed at 

broad geographical coverage began after 1450. As a result, the growth 

rates should be rising, not declining. Their decline is caused by a num- 

ber of factors: public clocks lost their news value for contemporary as 

well as modern historiography of cities; communal sources have been 

poorly studied from the Late Middle Ages on; finally, there is a large 

number of small and very small localities for which no written sources 

exist any longer. Under favorable circumstances, regional studies 

might reveal a very different picture. My survey has also not taken 

inter-city diffusion into account. Around 1450, very large cities like 

Paris, Rouen, and Milan had at least four to six public clocks in opera- 

tion, medium-sized cities like Liineburg four, and even smaller cities 

like Moulins in the Bourbonnais had two. 

The spread of public clocks can also be examined from a geographic 

perspective:°° as one would expect, northern Italy and northwestern 

Europe, regions unique for their high degree of urbanization, show 

the greatest density of diffusion over the entire period. Bohemia, 

Silesia, the large cities of the empire, southern France, and the king- 

dom of Aragon were reached at about the same time with scattered 

cases. By the end of the century the European urban landscape seems 

equally represented. The English possessions in France, Brittany, and 

the Scandinavian area appear to lag behind. However, is this map not 

merely a reflection of urban Europe around r4oo, with its highly ur- 
banized and less urbanized regions? 

To test how representative this map is we would need data sets on 

the European cities. Relevant would be population numbers, regional 
hierarchies of cities, and classifications according to economic, admin- 
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istrative, cultural, or ecclesiastical characteristics. However, qualitative 
classifications of cities that cover large areas and can be compared, 
which would be useful for our purposes, do not exist for this period. 

Considerable controversy attaches also to the term “city”: what defines 

it? legal status? walls? the predominance of the tertiary sector? We are 

therefore not in a position to test the hypothesis that functional 

differentiation, the diversity of different functions of a city, had a deci- 

sive influence on the pace and direction of the diffusion. However, the 

accumulation of functions is contained in the very concept of the old 

European city, and we know from experience that the degree of accu- 

mulation depends on size, though this correlation should not be un- 

derstood in too narrow a sense. 

Classification of city size, long the concern of comparative urban 

history and more recently also of historical demography, is thus an 

indirect way to arrive at general statements about favorable and less 

favorable conditions for innovation. 

Questions of this sort were not asked around 1400. People knew 

particularly wealthy or particularly powerful cities or the most im- 

portant sites of fairs and episcopal cities. However, at the time territo- 

rial lords neither counted their cities nor listed them according to 

size.°! The ideas that circulated about the number of cities and com- 

munities tended to be on the fantastic side. For example, in 1404 a 

monk at St. Denis reported on a project to simplify the levying of the 

taxes needed to carry on the war against England by collecting twenty 

ecus d’or every year from every church spire in France, each of which 

stood for a community or village. The number of spires was pegged at 

1,700,000. After subtracting the 700,000 communities exempted 

from the tax burden because they were particularly hard hit by the 

war, the money to be raised from the remaining one million solvent 

communities would have been more than enough to cover the finan- 

cial needs of the crown.?? Machiavelli was still circulating such figures 

in 1512.9? Today the real number of communities in the kingdom of 

France at the time is estimated at between twenty and twenty-five 

thousand. There are no estimates for Europe as a whole. 

Determining the population of the cities throws up a host of prob- 

lems. The demographic sources that can be quantitatively analyzed re- 

cord only a segment of the urban population, depending on the fiscal, 

military, legal, or socio-political interests that led to their compilation. 
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Taking into account the always numerous exemptions from taxes and 

dues, that segment must be multiplied by some factor we can only 

know approximately. It is even more difficult to determine the multi- 

plication factor for cadastral sources, since the height of buildings, the 

density of population, and the relationship of walled to inhabited 

space are quantities rarely known to us. In the Late Middle Ages, data 

we seek to compare for a given city are often separated by more than 

a century. In many cases the eftects of demographic changes can there- 

fore only be conjectured. Finally, when it comes to drawing up a hier- 

archical classification of cities, we must bear in mind that “large city” 

and “degree of urbanization” are relative concepts that vary from re- 

gion to region. In northern and central Italy, a population of 10,000 

was the minimum size for large cities, whereas in England it was the 

maximum size, which was rarely reached. In 1973, L. Génicot pub- 

lished a survey of large European cities around 1300, in which he sum- 

marized and compared the information in the older literature.”* The 

data come from a range of different sources dating from the twelfth 

to the fifteenth century. His list contains about seventy cities with a 

population of more than 10,000. For my own comparative purposes I 
have left out the Spanish cities in the Islamic sphere, with their fantas- 

tic population figures, which are in most instances the result of calcula- 

tions based on physical size. I have added a short list of cities that 

most likely reached this size. Thus Europe around 1400 had about one 

hundred large cities with over 10,000 inhabitants. A comparison of 

both sets of data yields the surprising result that seventy-five of these 

cities are recorded to have had a public clock prior to 1400. Looking 

at the approximately forty cities with more than 20,000 inhabitants, 

we can see that we lack only a few dates from cities where the available 

sources are particularly bad when it comes to the question we are pur- 

suing (Bordeaux, Toulouse, Marseilles, Messina, Rome). However, it 

does not follow from this that only large cities were vehicles for the 
process of diffusion. 

Since lists of medium-sized and small-sized European cities covering 

large areas are not available, a methodologically more difficult method 

has been used to assess the role of these cities in the diffusion process. 

H. Amman created a map on “Economy and transportation in the 

Late Middle Ages around 1500” for the Handbook of German Economic 
and Social History.°* The map shows the territory of the Roman Empire 
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and some adjoining regions of eastern France, northern Italy, Poland, 

Hungary, and Scandinavia. Nearly six hundred cities are indicated ac- 

cording to five different categories of size. Undoubtedly these quanti- 

tative classifications can be substantiated only in part, and the map also 

reflects the knowledge of an experienced social historian. Comparing 

Amman’s map of cities with our data set reveals that of the nearly six 

hundred cities on the map, about one hundred and forty can be as- 

signed a date for a public clock before 1410. Nearly all of the cities with 

a population exceeding 10,000 are included, and nearly half of the 

cities with a population between 5,000 and 10,000. We can see once 

again that our data set on the larger cities is remarkably representative. 
If we calculate the average probability of the groups of cities to appear 

in the data series and then use this result for a projection, the findings 

can be further differentiated. 

If we ignore possible shifts in the city landscape during the fifteenth 

century, and assume, for the purpose of constructing a nearly ideal set 

of data, that cities with a population between two and five thousand 
are not represented by only 18 percent, and cities with a population 

between five and ten thousand by 53 percent, but that all groups of 

cities are represented like the large cities with about 90 percent, the 

significance of the larger cities for the diffusion of the public clock 

between 1371 and 1410 would decline considerably. Even during the 

boom decade the share of the large cities in the acquisitions prior to 

1410 — speaking of the area encompassed by the map — was only 3 per- 

cent, compared to about 8 percent for the medium-sized and small 

cities and towns. By the time we reach the decade between 1390 and 

1400 the latter had long since become the actual carriers of the dif- 

fusion process. If we examine the list of “early acquirers” between 

1356 and 1377, small cities like Fano on the Adriatic Sea, Troppau, 

Brieg, and Schweidnitz in Silesia, and Ivrea in Piemont stand out with 

dates before 1370; Tulln, Gorlitz, Stade, Stadthagen, Culemborg, and 

Castres stand out with dates during the boom phase. The Regensburg 

archivist Carl Theodor Gemeiner described this development as early 

as 1812; using the city of Donaustauf as an example, he pointed out 

that still in the fourteenth century even less important market towns 

followed in the footsteps of trading cities in the acquisition of public 

clocks.°° Without wishing to overestimate the indicative value of such 

calculations, we can note the following as the second important result 
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of a quantitative analysis of the dates: after 1370, cities with a popula- 

tion between two and ten thousand were no less receptive to innova- 

tion than large cities; they were substantially involved in. the great 

wave of acquisitions. 

Given the lack of comparative studies of cities and of comparable 

diffusion studies for large regions, a discussion of the regional aspects 

of diffusion can only be cumulative and based on selected examples. 

With respect to the region of the Netherlands, we have seen that the 

very large cities (Utrecht, Deventer, Ghent, Bruges, Ypres, Lille, 

Douai, St. Omer, Arras) appear on the lists in a very early phase of 

the diffusion. But here, too, small cities (Culemborg, Montreuil-sur- 

Marne) are represented in numbers and with early dates.”” The carriers 

of the diffusion are here primarily the communes; support from terri- 

torial lords came into play only after 1390. 

In the medieval French monarchy, the number of cities “deserving 

of the name” is estimated at between 220 and 250. However, to my 

knowledge no lists of cities exist. For some time now, scholars have 

been trying to get a grip on the problem of classifying and ranking the 

French city landscapes with the help of contemporary sources. In this 

effort two approaches have been used to reconstruct contemporary 

perceptions. In the first approach, a list of those cities which at some 

point were important from a political and administrative perspective 

can be drawn up using the summons of representatives of the estates 

to parliament. According to the research of C. H. Taylor, between 1302 

and 1335 507 cities were invited to one diet, about 230 to several diets. 

There are two drawbacks to these lists. First, they are the products 

of an administration that was not very developed. Second, outdated 

perceptions, carelessness, and favoritism have left their marks on them. 

Thus traditional ideas concerning the importance or rank of a city led 

to the inclusion of tiny urban agglomerations, some of which can no 
longer be located today.°* 

The second approach involves the use of a seemingly objective crite- 

rion for determining the degree of urbanization. From the twelfth 

century on, the establishment of mendicant monasteries had been fol- 

lowing the trend of urban development.” Explicit criteria for the men- 

dicant orders in the establishment of a house were the size of 
the public that could be reached by preaching and the possibility of 
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supporting a convent economically. This wave of foundations was 
planned, and each foundation was preceded by a careful inspection on 
site of the prospects of providing for the community’s livelihood. The 

Papal Bull Qua plerumque, issued by Pope Clement IV on June 28, 

1268, defined a minimum topographical criterion. The distance be- 

tween the convents of the various preaching orders was to be no less 

than five hundred meters (three hundred “cannae” [rods]). Regardless 

of local custom, a rod was to be calculated at eight handbreadths (“pal- 

mae”). This was the first time a universally valid index of urbanization 

combining a minimum size and economic productivity had been for- 

mulated. The modern historian can then derive the relative importance 

of any given city from the number of Dominican, Franciscan, Au- 

gustinian, and Carmelite houses. Jacques Le Goff undertook extensive 

research in this area and presented as his findings an Inventaire de la 

France urbaine mediévale; in the meantime work on the urban history 

of other countries, using a similar methodology, has appeared. Com- 

pared to the map of cities invited to the diets, the map of the houses 

of the mendicant orders in France offers the advantage that it is neutral 

with regard to the political situation. It highlights the importance of 

southern and southwestern France and accentuates its historiographi- 

cally neglected city regions. In addition, it reveals the growing impor- 

tance of the smaller cities in the Late Middle Ages. The list of cities 

with four or more convents correlates well with L. Génicot’s list of 

large cities. However, does the map provide a truly objective picture? 

It is apparent, at the least, that the “fossilized” diocesan structure of 

very small divisions, which had survived in the south from late Roman 

times, was evidently reproduced, and that, once again, localities we 

can no longer find are treated as cities.1°° 
Neither the list of the 216 cities invited to the diet of Tours 1n 1308 

nor that of the 222 cities invited to various assemblies in the year 1316 

can be compared with our data, because they include too many cities 

that are too small. By contrast, of the twenty-eight cities that had four 

or more convents around 1335, our list has fifteen dates prior to 1410; 

for the twenty-four cities with three convents it still has eleven. Like- 

wise, more than half of the cities invited to the various Estates General 

during the fifteenth century can be furnished with a date. That is true 

for the approximately seventy “bonnes villes” in the year 1468, as well 
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as for the approximately one hundred cities at the diet of Tours in 

1484, which had been systematically selected according to admuinistra- 

tive districts.!°! If the compare the lists, we find that the cities of the 

French kingdom are fairly well represented, though with considerable 

regional variations. Speaking of the territory encompassed by the bor- 

ders of modern France, we can differentiate three zones: the histor1- 

cal regions of Flanders, Artois, and Picardy, as well as Normandy, 

Champagne, the Ile-de-France, Orléanais, Berry, and Burgundy were 

reached early and broadly by the wave of acquisitions. As already men- 

tioned, in these regions wealthy cathedral chapters were, in addition 

to the communes, the carriers of the innovation. Poitou and Anjou 

stand out through somewhat later dates and through what tend to 

be discrete processes of diffusion, meaning that the date for a central 

residential city (1384 Angers, 1387 Poitiers, 1396 Nioret) are followed 

only much later by other dates in the region. In these areas we are 

probably looking at a pattern that is typical of diffusion at the initiative 

of the authorities, and we can confirm R. Favreau’s observation that 

Poitiers, for example, would have had to wait many more years for 

such a “nouveauté” without ducal intervention.!” In Brittany the de- 

velopment of cities occurred later; accordingly all the dates of this re- 

gion visibly lag behind.'°? Leaving aside the exceptions — Perpignan as 

the residence of the kings of Aragon, and Avignon with the county 

of Venaissin as papal territory—the south of France (with Guyenne, 

Languedoc, and the particularly well researched Provence) presents it- 

self, in spite of relative dense documentation, as a region that was 

reached late.!°* Even though the lack of usable dates from Toulouse, 

Aix, Arles, and Marseilles could be distorting the picture, we see once 

again that by the fourteenth and fifteenth centuries the primary focus 

of economic and cultural life had long since moved to the north. While 

the cities in this region appear on all lists, they no longer play any role 
as centers of innovation. 

The building of tower clocks in Spain was in the early period an 

imported technology independent of the highly developed instrument 

making at the Spanish court. Apart from Antonio Bovelli, the Italian 

specialist who came to Perpignan from Avignon, we find Italian and 

Flemish-German tower clock builders in the large Spanish cities in 
the fourteenth century. To that extent the early public clock in Per- 
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pignan shows itself to be another example of a discrete diffusion which 
had no repercussions for decades. 

The early and broad wave of diffusion in Savoy and in northern and 

central Italy continued during the fifteenth century. Although city lists 

are not available, it is clear that everywhere even small cities, since 1360 

at the latest, shared in the diffusion movements that were carried by 

communal and princely initiatives (Ivrea 1368, Fano 1366). The obser- 

vations of travelers quoted earlier about the relative scarcity of public 

clocks cannot be confirmed for the time period under examination. 

This does not mean, however, that rural Italy did not in fact begin to 

lag behind after the beginning of the sixteenth century. 

The yield of dates for the comparatively very large cities of southern 

Italy is meager. However, it is certainly not possible to speak of delayed 

modernization with respect to this region. We hear of a public clock 

in Palermo in 1374. Modern hour reckoning was 1n use in Naples since 

1381, and in 1389 Ragusa (Dubrovnik) hired a clockmaker from Lecce 

in southern Apulia. '°° 

The situation in late medieval England is more difficult to assess. 

Alongside numerous references to a native clockmaking tradition we 

find the importation of tower clock builders from Italy, Flanders, and 

Germany, a practice that lasted into the fifteenth century. However, 

this does not exclude the possibility that there was also indigenous 

tower clock building. The development within the urban landscape is 

not clear, since usable dates are missing for the most important cities 

after London (Norwich, Bristol, Southampton). 

Scandinavia is the only region where contemporaries themselves 

noted a distinct delay in the introduction of clocks, the division into 

hours, as well as the use of bells. In his description of the northern 

peoples, the archbishop of Uppsala, Olaf Magnus (died 1544), attrib- 

uted this lag to the unlettered simplicity of past centuries. In his view, 

though, the late transition to this “usus modernorum,” as compared 

with “alia nationes,” was not really surprising, for even in innovation- 

hungry ancient Rome the division of the day into hours had been in- 

troduced only at a late date. He added that in his time the gap had 

been closed and that good and accurate clocks for both public and 

private use were being built all over the north.’ Like Pliny, the arch- 

bishop counterposed to rural life (“unlettered and simple”) a histori- 
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cally later urban development. He thereby indicated delayed urbaniza- 

tion as the cause of delayed innovation, and in this he was probably 

correct. 
Overall the quick tempo of the diffusion of striking clocks is con- 

spicuous. However, this tempo—as the dates for the diffusion of 

windmills, at least, suggest—was not unusual for the Middle Ages. 

Only the diffusion of printing, which was even more strongly linked 

to the mobility of persons, was distinctly faster. The example of an- 

other “key machine,” the steam engine, is not the only one that shows 

that technical innovations by no means occurred more quickly in the 

modern age than in the Middle Ages. 

The final question is this: is it correct to assume that when it came 

to the procurement of clocks, special interests within the city prevailed 

over opposition to such a move? There is, first, the frequently repeated 

thesis that traders and merchants in the cities had a particular interest 

in this innovation and thus actively promoted it by bringing about 

corresponding political decisions or by financing the clocks. A weaker 

version of this thesis states that the spread of public clocks suited the 

rationalistic ethos of this group. This goes along with the parallel thesis 

that the network of the large trading cities, in particular, determined 

the pace and direction of diffusion. Based on what we have so far dis- 

covered, all these theses must be rejected. To be sure, it 1s true that the 

group of “innovators” includes some of the most important mercantile 

metropolises in Europe at the time (Milan, Genoa, Florence, Bologna, 

Siena), and that such cities are also prominently represented in the 

group of “early acquirers” (for example, the large cities of the Holy 

Roman Empire and the Dutch cities). However, they share that role 

with cities that were far less important in mercantile terms, cities like 

Orvieto, Zurich, or St. Quentin. Most of all, nowhere did special mer- 

cantile interests come into play in a visible way; nowhere can we detect 

a special financial engagement on the part of the merchants. In Milan 

and Bologna it was the city’s lord who made the decision; in Bologna 

the residents even complained about the costs it imposed. The same 

holds true for the later period of the great wave of acquisitions. Mer- 

chants, non-locals, and participants in markets and fairs are occasion- 

ally mentioned, but no more and no less frequently than clerics, stu- 
dents, officials, or judges. Nowhere do the merchants make their 
appearance as a separate interest group; nowhere can we detect a spe- 
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cial pioneering role of the mercantile cities. To be sure, these theses 
could be generalized to the point where they become true but trivial: 

there was certainly no quarrel between the Italian city princes, the 

kings of Aragon, England, and France and the merchants in the cities 

when it came to the establishment of public clocks. The political power 

in most European cities lay in the hands of mercantile oligarchies; con- 

sequently the territorial lords acted largely in the interests of the mer- 

chants, and the clocks in their residences were a symbolic expression 
of this alliance of interests. The investments made by the cites also 

served above all the interests of merchants and traders. All this is cer- 

tainly true, but any inference we draw from it becomes banal. Markets 

and trade were simply an integral part of the concept of the old Euro- 

pean city, and the European network of cities was the sphere in which 

the diffusion of the public clocks occurred. Similar problems arise with 

the supplementary thesis that the geography of the diffusion of public 
clocks was largely identical with the crisis regions of the urban textile 

industry. This implies the supposition that the exacerbation of the con- 

flicts in the cities over worktime forged merchants and traders, in their 

role as employers, into a group with an interest in the clock as a means 

of stricter control of worktime; it made them the initiators behind the 

procurement of clocks (cf. chap. 9, Increasing precision). However, 

none of this is of any consequence for the geography of diffusion. This 

thesis rests on an error in perspective. The highly urbanized regions of 

the European urban landscape were identical with the regions of the 

urban textile industry in crisis — assuming we are correct in speaking 

of a broad crisis at the end of the fourteenth century. 
The introduction of the public clock can be seen— taking into ac- 

count, however, the temporal framework I have sketched out — as part 

of the process of urban modernization. In this context modernization 

should be understood broadly as an abandonment of traditional ways 

of life and unrelated to the paradigms of development in industrial 

societies and democracies. The public clock is suitable as an indicator 

of modernity. However, one cannot call a city “modern” or “techno- 

logically progressive” for the sole reason that it acquired a clock early 

on, because the dates of the various acquisitions are subject to the in- 

fluences and vagaries I have described. A city’s level of modernization 

can be assessed only in conjunction with other technological and social 

innovations. These innovations include hammer mills, mills, installa- 
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tions for supplying water, foundries, as well as church organs. They 

include also the establishment of schools, the hiring of doctors, teach- 

ers, and engineers, or uniform financial administrations. Other innova- 

tions could be added to the list. Only the examination of more com- 

plex bundles of roughly contemporaneous innovations would produce 

truly usable indicators of urban modernization in the Late Middle 

Ages. 



ECO 

Late Medieval Clockmakers 

Visual depictions of late medieval clockmaking appear only from the 

second third of the fifteenth century. They remained a rarity and are 

found almost without exception in a single iconographic context, the 

so-called pictures of the planet-children.! These pictures show the in- 

fluences that, according to astrological beliefs, individual planets exert 

on the character, health, and abilities of humans. The children of Mer- 

cury, for example, were considered to be poetically gifted, eloquent, 

hungry for knowledge, and open to new and strange things, to mathe- 

matics and astronomy as well as to magic and fortune-telling. The tal- 

ent of passing on acquired knowledge was also attributed to them. 

Among the sciences they were particularly suited for geometry, astron- 

omy, and practical surveying.* Their professional talents were seen 

to lie with the “subtili ingegni et ciaschedun/arte bella,” that is to say, 

in the artistic-artisanal sphere.* In contrast to the planet-children 

texts that drew on Arabic sources, beginning in the fifteenth century 

we find in the planet-children pictures clockmakers alongside organ 

makers, painters, wood-carvers, art metalworkers, weapons smiths, 

teachers, writers, clerks, and cooks. According to contemporary per- 

ception, clockmaking was thus among the higher specialized artisanal 

work, and it owed the esteem in which it was held to its proximity to 

both science (“scientia”) and art (“ingenium”). 

A painting of Lombard provenance from an astrological manuscript 

in the library of the dukes of Este in Modena emphasizes the artisanal 

aspect and shows the clockmaker with a journeyman in an open 
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43. Clockmaker’s shop. Detail from a picture of planet children (fifteenth 

century). Modena, Biblioteca Estence, Ms. lat. 209, folio 11. 

storefront-workshop (fig. 43). The clockmaker in the Housebook from 

Castle Wolfegg in Upper Swabia is shown as an artisan with astronom- 

ical knowledge at work setting his clock (fig. 44). 

Of course clockmakers, too, benefited from the growing apprecia- 

tion one can observe in the Late Middle Ages for the “artes mechan- 

icae” as activities that were useful and necessary for life.* In addition, 

Parisian natural philosophy at the end of the fourteenth century hon- 

ored clockmakers by comparing the cosmos or creatures with artful 

clockworks and the creator-God with a clockmaker.> As constructors 

who designed and built their products, clockmakers thus took their 

place alongside architects, who were also highlighted in these compar- 
isons. 

It is easy to make these sorts of comparisons plausible with refer- 

ences to clockmakers who acquired fame as brilliant constructors or 



175 

LATE MEDIEVAL CLOCKMAKERS 

44. Clockmaker with quadrant. 
Detail from a picture of planet 
children in Mittelalterliches Haus- 
buch (around 1480). Schlof& Wolf- 
egg, Bibliothek der Fiirsten von 
Waldburg-Wolfegg-Waldsee. 

sought-after technical experts. As an occupational group, however, 

clockmakers cannot be characterized this way, since the vast majority 

of them did not in fact enjoy such high esteem. When it comes to this 

majority of clockmakers, the extant accounts from all countries usually 

do not contain more than this typically sparse note: “Io Hans, the 

smith, for the clock. . .” 

Evidently there was no such thing as a typical clockmaker or an oc- 

cupational group—let alone a professional category—that could be 

characterized by sufficiently shared features. The technical and artisanal 

competence for building clocks existed in various occupational groups. 

The compilation of sources on the history of clocks up to the end 

of the fifteenth century has brought to light over 1,200 names of 

clockmakers and people who were involved in the repair and mainte- 

nance of clocks. This has more than doubled the prosopographic mate- 

rial previously available for this period in country-specific lists of 

clockmakers (use of which I gratefully acknowledge).° When it is not 

concerned with social elites, prosopographic research becomes easily 

suspect as the obsessive accumulation of isolated, meaningless data 

on people. And little is in fact gained by recording the name of a 

clockmaker— often only a first name—that appears nowhere else. In 

this regard the situation with clockmakers is different than it is, for 
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example, with artists or builders. After only a few generations the cre- 

ations of clockmakers were “scrap iron.” Securely dated clockworks 

from the fourteenth and fifteenth centuries are very rare today and 

have not been preserved in their original condition. It is thus hardly 

possible to use personal names for attributions or for reconstructing 

technological developments. Still, it is worth collecting the names, for 

in regard to a small group of clockmakers they allow us, for example, 

to make statements about their movements. 

Until now, remarks concerning the beginnings of clockmaking and 

its development during the first two centuries have tended to be 

hypotheses advanced in passing. They could not and did not wish to 

be more, since even the known material had never before been com- 

piled in one place. Naturally we are frequently told that the appearance 

and spread of clocks also brought about a surge in clockmaking. This 

was no doubt the case. Linked to this is the conjecture that this surge 

in clockmaking led to a quick increase in the number of specialized 

artisans who were able to fashion complicated machinery from metal.” 
This plausible hypothesis of the clockmaker as the prototype of the 

versatile technician or precision mechanic was derived from the history 

of early industrialization and extended back into the Late Middle Ages. 

It is based on the widespread observation that in the early stages of 

the machine age, clockmakers, in particular, emerged as inventors and 

constructors of new machines and precision tools.® 

Hypotheses about the direction in which medieval clockmaking de- 

veloped can be assigned, in simplified form, to two types. One focuses 

on the early tower clocks and describes the artisanal development as a 

path from something that was primitive, crude, and large to some- 

thing that was complicated, delicate, and small: a path of increasing 

precision and miniaturization. Accordingly, the development of crafts- 

manship is characterized as a path from blacksmiths to precision me- 

chanics.’ The other hypothesis looks at the initial rarity and early 

reports about complicated astronomical clocks and argues that clock- 

making was at first pursued only by a small elite of experts (astrono- 

mers, precision mechanics, goldsmiths).!° The small number of such 

experts and the initially weak demand for their product gave rise to a 

kind of nomadic existence among clockmakers, similar to what was the 

case with builders and artist craftsmen.'! Both conjectures are based on 
somewhat vague interpretation of the reports concerning the nature 
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and diffusion of the early clocks. We shall see that neither of the two 
variants is tenable. 

Early clockmakers 

If it is correct that the clock escapement was not an invention but a 

development resulting from various efforts in the same direction, it 

would be fruitless to search for the clockmakers from whom all others 

learned their skill. Since the escapement probably grew out of monas- 

tic and originally water-driven alarm and striking mechanisms, one 

ought to assume a number of different monasteries as the sites where 

this development occurred, and no single monastic order should be 

singled out. This is not true, however, for the additional invention 

of the automatic striking work. Its development might just as likely 

have occurred outside of the monastic realm. All early reports about 

clockmakers are consistent with this. The first medieval European 

clockmaker known by name is Hermann Josef from the Premonstra- 

tensian monastery of Steinfeld in the Eifel region (around 1200). His 

vita describes him as a man who, despite a physical handicap, was a 

reliable sacristan and a capable mechanic who deserved praise for his 

efforts in the installation and repair of clocks in the surrounding mon- 

asteries. The occupational designation “horologiarius” appears, to my 

knowledge, for the first time in 1269-1270 1n the beer accounts of the 

Cistercian monastery of Beaulieu (Hampshire), where it describes 

what appears to be a permanently employed clockkeeper. In the beer 

accounts from St. Paul’s Cathedral in London, a larger sum was paid 

in 1286 to an outside “Bertholomeus orologiarius.” In 1271, Robert 

Anglicus speaks as though of a well-known profession when he reports 

of the “artefices horologiorum” who tried their hand at building a 

clock for the astronomers.'* 

The related question of whether the new occupational names al- 

ready indicate the existence of a new device, as C. KC. Beeson and 

D. Landes are inclined to believe, or whether we are still dealing with 

late forms of water clocks, cannot be answered.'* What the specialized 

occupational designation does show is that these devices were elabo- 

rate constructions that could not be maintained by just anyone. How- 

ever, had not William of Auvergne in the middle of the thirteenth 

century said in regard to the “horologia, qui per aquam fiunt et pon- 
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dera” that they required “renovatione frequenter et aptatione instru- 

mentorum suorum”?!* Since the development of the mechanical es- 

capement itself has left no semantic traces, there is no reason why those 

who built the new wheeled clocks should have been described any 

differently than those who built the horologia. 

Once the diffusion of mechanical clocks set in at the beginning of 

the fourteenth century, the picture changes noticeably. Clerics and 

monks, who earlier may have held a sort of monopoly, remain an in- 

conspicuous minority after this time. As an occupational designation, 

“clockmaker” is taken over into the national languages; moreover, it 

becomes apparent that the multiplicity of instruments with mechanical 

clockwork drives (monastic alarms, chiming works and musical au- 

tomata, astronomical simulations, striking clocks) has its counterpart 

in the diversity of qualifications of those who built them. The situation 

up to the middle of the fourteenth century presents itself as follows in 

the individual countries: 

The “Jehan Paulogier” who is mentioned in the Paris tax roll of 

1292 (as residing in the “Grant-Rue-Saint-Benoict”) raises doubts for 

linguistic reasons.'5 We might be looking at a misspelled form of 

“alogier” (to give lodging), since the rolls of the years 1296 and 1297 

mention several “osteliers” and “taverniers” in this street.!° 

The accounts of the royal French household document that the 

goldsmith Pierre Pipelart— whose name indicates that he came from 

northern France — worked on a “horologium regis” from May 1299 to 

March 1300 and was paid six livres tournai. In 1308 he was again given 

a larger sum for this clock or for a new project. Undoubtedly this was 

an elaborate clock for the royal court or for a church, though, as we 

have seen, it was not the first public clock in Paris. Gilebert de Lu- 

para— according to the tax rolls of 1296 and 1297 a crossbowmaker 

who lived at the Louvre — was working on an “opus quorundam horo- 

logiarum” in the summer of 1301, a heavy clock of iron and other metal 

which the king wanted to donate to the new abbey of Poissy. Between 

1322 and 1336 there was evidently a permanently employed court 

clockmaker (“varlet de chambre et ollogeur au Louvre”), Girard de 

Juvigny, who was involved in a dispute over debt and in a suit against 
Count Robert of Artois.!” ; 

The clock in the cathedral of Sens was repaired in 1319 by Robertus 
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Anglicus from Paris. The last name is not necessarily indicative of 

English background, since it was very common in Paris at that time." 

In Noyon in 1333-1334, the clock of the cathedral, which was equipped 

with bells, was inspected by a “magister orlogiorum” who was passing 

through town. Among the automata (“engins”) in the castle park of 

Hesdin was a clock (“orloges”) that was presumably connected to a 

musical work via bellows. The required metalwork was done in 1304 

by Henri “le serurier.” In 1333, a Bartholomeus “orologiarius” reset and 

adjusted the clock in the cathedral of Cambrai.!? 

The first clockmakers at the papal court in Avignon were also from 

the region of northern France and Flanders. In 1329 master Nicolas of 

Bruges built a clock for the Carthusian monastery in Chorges at the 

request of the pope. After 1335, Jean Bequet from the diocese of Rouen 

was “magister horologiorum papae.” In Italy, few names of clockmak- 

ers are recorded for the first half of the fourteenth century. The evi- 

dence from the Holy Roman Empire is even more meager. The first 

name during the period in question is Thideman “seyghermaker,” who 

became a citizen of Stralsund in 1341. Like the man who sponsored 

him, he was probably a smith.?° 

A comparatively large number of clockmaker names, among them 

also a (widowed?) woman, have been extracted by G. Fransson from 

English tax and court records: Adam le-Orloger (Colchester 1311), 

Thomas Orloger (Essex 1319-1327), Cecilia le Orloger (1328 Lin- 

colnshire), Simon Orloger (1322 Sussex).?! There seems to be no doubt 

that these were occupational surnames, and confusion with a type of 

ship called “orlog/horlok” is unlikely.*? Apart from a Thomas “orologi- 

arius” mentioned in Lincoln in 1324, during this period clockmakers 

are referred to at the construction of the great astronomical clock in 

Norwich and in the abbey of St. Albans. In Norwich, in addition to 

the clockmaker Robert, the brothers Laurence and Roger Stoke were 

working as “horologarii” in 1323-1325. Roger was also praised in the 

chronicle of St. Albans for fashioning a metal cross. Both brothers later 

(1340-1350) collaborated with Abbot Richard of Wallingford.” 

The information that is obtainable for the period up to the middle 

of the fourteenth century makes it clear that clockmaking did not 

emerge from any particular metal-working trade. Smiths, weapons 

smiths, and goldsmiths had mastered clock technology at the begin- 
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ning of the fourteenth century and used it for a variety of clock types. 

We can speak of an elite of experts only in regard to the builders of 

astronomical instruments. 

The occupational name “clockmaker,” indicative of specialization 

and probably also intended as a form of advertising, appears in all 

countries around the same time. However, it is highly unlikely that we 

are already dealing with permanent specialization, meaning that those 

called clockmakers in fact earned their livelihood predominantly by 

building clocks.*# 

Learned constructors 

The prominent fourteenth-century clockmakers who are mentioned in 

histories of the mechanical clock were, strictly speaking, not clockmak- 

ers at all but learned constructors of astronomical instruments who 

were also capable of building clocks. As Petrarch already commented 

in regard to Giovanni Dondi, it is almost disparaging to call them 

clockmakers. One thing all members in this group— which counted at 

most two dozen people in the fourteenth and fifteenth centuries — had 

in common was a university education. The learned constructors 

worked for the most part as astronomers or astrologers, many of them 

also as court physicians.”° 

Richard of Wallingford (1291/1292-1336), twenty-eighth abbot of the 

Benedictine abbey of St. Albans (Hertfordshire), was the son of a 

smith, “faber ferrarius.”*° A patron financed his studies at Oxford. His 

unfinished life’s work was the construction of a complicated and elabo- 

rate astronomical clock in the church of his monastery (fig. 13). He was 

not an original thinker in the field of theoretical astronomy; rather he 

concerned himself with designing and building observation instru- 

ments and mechanical calculating devices. A fifteenth-century minia- 

ture shows him working on a metal plate with his bow compass (fig. 

45). His Tractatus horologu astronomici (the title is of a later date) con- 

tains some brief and difficult notes concerning the clockwork and some 

rather clearer notes concerning the drives for the astronomical simula- 

tions. This work was presumably written during the construction of 

the clock and in part by the hand of his students. The astronomical 

clock he had started to build in 1327 — “magno labore, maiore sumptu, 

arte maxima” — was not entirely completed when he died. Richard’s 
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4s. Abbot Richard of Wallingford in his workshop. Miniature from around 

1440. London, British Library, Ms. Cotton Claud. E IV, folio 201. 
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contemporary fame is illustrated by a report that he responded to the 

reproaches from the English King Edward IT that he was neglecting 

the upkeep of the monastery in favor of his clock by saying that a 

successor could just as easily look after the buildings, while nobody 

else in England would be able to complete such a complicated work. 

Compared to the other learned constructors, his fame had receded into 

obscurity until quite recently, because his manuscript had been un- 

used. Today there are a host of modern reconstructions of his clock. 

Jacopo de Dondi (born around 1290) had studied in Padua and was 

town physician of Chioggia near Venice. He is believed to have been 

the constructor of the public clock that was built in Padua in 1344 

for the city’s Prince Umbertino Carrara; the clock may have been 

equipped with astronomical indications.’” It was perhaps already 

through him that the epithet “dal? Orologio,” with which clockmakers 

were distinguished in the fourteenth century, became hereditary in his 

family.?® Jacopo Dondi’s clock was destroyed in 1390, and in the fif- 

teenth century the clockmaker Novello Dondi dall?’Orologio replaced 

it with a new one. His famous son Giovanni Dondi dall’Orologio 

(died 1388) became professor of medicine in Padua around 1350; later 

he also taught philosophy, astronomy, and logic. Sometime after 1365 

(when he completed his calculations) Giovanni Dondi built the astrar- 

ium, occasionally also called planetarium, for his patron Gian Galeazzo 

Visconti.”? In 1372 Dondi moved to Pavia, presumably taking with him 

the astrartum, which found its permanent home in that city’s ducal 

library. The astrartum was not a clock in the sense of an instrument for 

observation and indication; rather it was specifically described as an 

aid for illustrating the works of the ancient astronomers. The Tractatus 

Astraru, presumably begun during construction of the clock, deals 

with the making of the gearing of the planets and of the calendric 

indications; it presupposed the clockwork drive as something that was 

long since known (see chap. 4: The clock escapement). Even though 

the Tractatus contains instructions for maintaining and setting the in- 

strument, the clock rarely worked correctly after the death of its 

builder. However, this did not impair Giovanni Dondi’s fame. On the 

contrary: precisely because nobody could be found to keep the contriv- 
ance running or repair it, the creator of this device — in the late Middle 
Ages praised as one of the wonders of the world—was considered 
an exceptional genius who was venerated by many contemporaries, 
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among them Petrarch and Philippe de Méziéres. At the end of the fif- 
teenth century, the Nuremberg astronomer Johannes Miiller von Kon- 

igsberg (Regiomontan), who had seen the astrarium in Pavia, began 

to build a copy, which he did not complete in his lifetime.*° 

Giovanni Fontana, too, had studied medicine in Padua around 1420 

and had become town physician in Udine. Though he had not system- 

atically pursued studies in astronomy, throughout his life he gave at- 

tention to machines, war materials, and mechanical musical works, 

among them water clocks and hydraulic organs, in the tradition of 

Greek and Arab mechanics. His manuscripts — only parts of which are 

still extant — contain sketches of clockworks “newly” invented by him 

and used to drive mnemonic apparatuses, and of sandglasses that were 

reversed automatically and turned hands on dials.*? 

We still know too little about the astronomers who made the calcu- 

lations for the astronomical clocks of the fourteenth and fifteenth cen- 

turies. The accounts for the astronomical clock in Cambrai (1348-1349) 

contain a reference which might indicate that the Paris astronomer 

Jean de Linieres had participated in the construction of this clock at 

least in an advisory role.*? Another Parisian physician and astronomer, 

Jean Fusoris (1365-1436), son of a tinsmith from the Ardennes, com- 

bined learning and a talent for construction with a certain business 

sense. In addition to the papal court, he supplied the French, Burgun- 

dian, and Aragonese courts with instruments, astrolabes, equatorials, 

armillary spheres, and complicated clocks. Fusoris ran a workshop in 

Paris where specialized instrument makers along with other artisans 

and journeymen built the expensive devices. His social advancement 

was reflected in the fact that he came to hold canonical posts in Reims, 

Paris, and Nancy. In extant manuscripts he not only describes the con- 

struction of these instruments; drawings and descriptions of a spring- 

driven clock, some of whose details resemble the so-called Burgundian 

clock, are also attributed to him. Banned from Paris during the confu- 

sion of the Hundred Years’ War for treasonous contacts with the 

English, he directed and supervised the construction of a large astro- 

nomical clock in the cathedral of Bourges from March to November 

of 1424.33 Some of Fusoris’s notes passed into the possession of one 

of his students, Henri Arnout de Zwolle, who was also an astronomer, 

astrologer, and physician. He lived in Dijon and was a busy and well- 

paid expert in the employ of the Burgundians; he also made charts and 
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inspected saltworks. Between 1447 and 1455 he received the enormous 

sum of one thousand livres for a clock with planetary indications 

(“vray cours de sept planets”) he constructed.** He is said to have died 

in 1466 during a plague epidemic he had predicted.* 

At the residences of the kings of Aragon we find a whole group 

of constructors of astronomical instruments (primarily astrolabes) and 

various types of clocks at work after the middle of the fourteenth cen- 

tury. They were not university-trained scholars but belonged to the 

Jewish scientific culture that flourished in Spain into the fourteenth 

century. Since the middle of the thirteenth century, Jews, at the request 

of the Spanish crown, had been translating — sometimes directly into 

Catalan — the most important texts of Islamic science. Although Chris- 

tians were forbidden to seek treatment from Jews, in the fourteenth 

century over two hundred Jews were employed at the royal court as 

physicians, astronomers/astrologers, translators, and financial experts. 

Majorca was the center of an important school of cartography.*° Nearly 

all the clockmakers working in Spain in this early period — though not 

tower clock builders—came from this Jewish elite of experts. Mosse 

Jacob, silversmith from Perpignan, supplied and maintained clocks 

and astrolabes at the behest of the king between 1345 and 1347. In 1352 

the king demanded the punishment of those guilty of trespassing on 

the house of Bernat Ferni (“magister dels alarotges”). Protection was 

also extended to the clockmaker in service to the court, Nathan del 

Barri, when he returned to his native city of Carcassone (1372). Isaac 

Nafuci from Majorca was also supplying the court with clocks and 

astrolabes. In 1360, in appreciation of his services, he was appointed 

rabbi of the Jewish community in Majorca; he received assurances that 

the office would pass on to his son and was granted the privilege of 

performing kosher butchering for a fee.*” The court privileged and 

protected these Jews, who were appreciated as specialists, for as long 

and as best as it could. But already before the great persecutions of 

1391 we lose sight of them. In the list of Majorcan Jews forced to un- 

dergo baptism in that year we find one Isaac Nifosi (= Nafuci?) identi- 

fied as an astronomer; he supposedly escaped to Palestine and there 
returned to his original faith.** The list also contains the name of the 
cartographer Yehuda Cresques, who has been linked to the creation 
of the Catalan Atlas (before 1381). After this time no more Jewish 

clockmaker names appear in Spain and southern France. 
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While not every constructor of the late fifteenth century can be 
shown to have had academic training, we always find the combination 
of sophisticated theoretical knowledge and the practical skills of artist- 
craftsmen. This is true of Bartolomeo Manfredi in Mantua (died 1478), 

and of Guillaume Gilliszoon de Wissekerke (died after 1494), who 

supplied the court of the Roi René with many kinds of clocks, the 

Duke of Milan with a “celesttum motuum speculum,” and Charles 

VII of France with a “sfera regalis.” It applies also to the priest and 

astronomer Johannes St6fller von Justingen (died 1531) and to the 

Florentine clockmakers of the della Volpaia family.*° While we cannot 

yet see the emergence of narrow specialization, we can gradually detect 

the outlines of the —no longer academic— profession of instrument 

maker.*° 

Engineers 

Not theoretical training but technical-artisanal versatility characterizes 

the members of the group of engineers who could also build clocks. 

The occupational designation “ingeniarius/ingeniator” appears in the 

twelfth century and describes the creative technician, who could also 

be called “architectus” or “machinator.” However, what matters to us 

is not the occupational name, which was used especially in England 

and Italy for architects and constructors of war machines (in the 

German-speaking region they were often called “Werkmeister”); what 

matters is only the technical versatility, and here specifically the ability 

to build clocks. 

In this group we find internationally sought-after, free-lancing, and 

highly paid experts, versatile craftsmen in the employ of cities, as well 

as artists in the narrower sense of the word. Since our view of the 

Renaissance has a pronounced artistic imprint, attention has been fo- 

cused almost exclusively on those representatives who were in some 

way closely connected to “cultural activities.”*! In addition, those who 

left behind technical manuscripts of course also came in for consider- 

ation. But these precursors of the “genius of the Renaissance” are quite 

atypical representatives of a “technical intelligence” whose history 

could certainly be written from the available material. 

Trained clockmakers were the exception among these engineers, 

their main areas of work were building machines, canons, war ma- 
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chines, mills of every kind, hydraulic constructions, as well as musi- 

cal instruments. The question (which can rarely be answered with 

concrete examples) to what extent reciprocal stimuli in the figure 

of the engineer influenced the development of various technical- 

constructional tasks becomes relevant as soon as large clockworks 

appear. 
The already mentioned chronicle of Galvano Fiamma, with the first 

secure reference to a striking tower clock, reports also the first applica- 

tion of clockwork technology. In 1341, Galvano describes as a new in- 

vention (“adinventio”) a type of mill in which the use of many wheels, 

weights, and counterweights — “like in clocks” — made possible a con- 

siderable savings in labor.* 
Also in Milan in 1352, the monks of S. Maria dell?’Valle were given 

permission to divert water from the new canal, the Naviglio Grande. 

The monks asked for technical assistance from “magister inzignerius 

Johannes de Mutina dictus de Organis” (Giovanni degli Organi), 

known to us as a clockmaker and probably from a family of organ 

makers.*# 

The motif of the labor-saving technical invention appears again in 

the vita of the architect of the Florentine Duomo, Brunelleschi. As 

already mentioned, in his youth he had built small clocks and had ex- 

perimented with spring drives. His biographer emphasized that these 

experiments proved useful to him in his work as an architectural engi- 

neer, specifically in his designing of pulling and hoisting machines. 

Work on the “ingegni multiplicate” had been “grandissimo aiuto al 

potere imaginar diuerse macchine ed da portare e da levare e da tirare” 

(“a great help for the power of imagining various machines for car- 
rying, lifting, and dragging”).** 

At the construction site of the cathedral in Milan, the clockmaker 

Francisco Pessono in 1402 suggested a stone-sawing machine that 

would be driven, like a clock, only by weights (“solum per contrapen- 

sibus”). Supposedly the machine would be able to do more work than 

five men charged with the same task. His suggestion was provisionally 

accepted, and the estimated expenses for a small wooden model (ten 

Fl) were advanced, as was customary with such projects, by the cathe- 

dral workshop. In September of the following year Francisco Pessono 
was still at work on the saw and received twenty-five Fl for a large iron 
wheel. Later, after he had left the construction site, we encounter him 
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again in the sources between 1418 and 1420 in ducal services in Como 

as a master of canons (“magister a bombardis”). Another clockmaker, 
Giovanni di Zellini, received a contract in May of 1404 for the con- 

struction of a machine for transporting and lifting marble blocks which 

would require only a third of the personnel then needed to perform 

the same work. The cathedral workshop authorized fifty Fl, though it 

passed the risk of failure on to the constructor. The project appears to 

have been a success, however, for in November of 1404 he was ap- 

pointed “ingegnere della fabbrica.” The engineer Filippo da Modena 

degli Organi (probably of the family of the above-mentioned Giovanni 

degli Organi) who was working at the cathedral workshop between 

1400 and 1405 was also a clockmaker.*® 

Engineers worked as clockmakers also in the employ of cities. The 

dial for S. Giacomo di Rialto in Venice was built in 14.22 by an engineer 

from Apulia; in Verona in 1425, an anonymous engineer, having 

proved himself in some hydraulic constructions, was given the post 

of clockkeeper.*° 

Because Giovanni Dondrs astrarium was malfunctioning once 

again, the duke of Milan asked his envoy Antonio de Tritio (da Trezzo) 

in 1456 to prevail upon the royal court to send master Guglielmo de 

Parise to Pavia for at least four months; the master had helped out 

once before, “al temp de la bona memoria.” Since Michele Savanarola 

also mentions such an incidence of repair around 1440 (“de Francia 

nuper Astrologus et fabricator magnus fama Horologii tanti ductus 

Papiam venit, plurimisque diebus in rotas congregandas elaboravit”), 

it would seem only reasonable to look for the expert in question in 

Paris.*” So far the attempts to identify this astronomer have been un- 

successful; however, scholars have overlooked the fact that while Gug- 

lielmo de Parise may very well have hailed from Paris, he did not neces- 

sarily live there between 1440 and 1456.8 And while the duke’s letter 

is unquestionably addressed to a king, it is not explicitly addressed to 

the French king. Lastly, Antonio de Tritio was in all likelihood never 

in Paris, but from 1455 on he was the envoy of the Sforzas in Naples.” 

This makes it likely that the person in question was the canon caster 

and clockmaker Guglielmo de Parise from Naples, who may have 

come to Naples via northern Italy and Ragusa. Of course this leaves 

open the question whether Michele Savanarola is also talking about 

this Guglielmo when he desribes him as “Astrologus de Francia.” 
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The king of Naples summoned gun casters from northern Italy and 

France and also ordered canons from Catalonia. The duke of Milan 

summoned clockmakers from Paris and Naples. Here we catch a small 

glimpse of the movements of an international elite of technicians 

about whom we still know very little overall. What mobilized the com- 

bination of “ars” and “ingenium” represented in the group of engi- 

neers was the need for technicians especially at the great construction 

sites and the rapidly growing need for weapons in the territorial states; 

if mechanical clocks had a causative role in this it was only incidental. 

One thing that stands out is the new diversity of qualifications of these 

technicians. They hardly seem tied down by any social bonds; instead 

they have a much closer contact with the public authorities in cities 

and states who were increasingly dependent on their services.°° 

Specialists and occupational migration 

In July of 1452, lengthy court proceedings concerning the salary of the 

keeper of the Horloge du Palais on the corner tower of the Louvre at 

the bridge over the Seine were concluded before the parliament of 

Paris. The man who held the post of clockkeeper was demanding the 

six sous per day which the king had guaranteed when the clock was 

being built in 1370. The city for its part pointed to its empty coffers 

and argued that by now Paris, like other cities, had several public 

clocks whose maintenance costs were much less. The documents of 

the proceedings allow us to reconstruct the history of this clock with 

considerable precision. The historical part of the “arrét du parlement” 

describes how the then-king Charles V had the clock constructed for 

the city, which at that time had no tower clocks. Since no clockmaker 

suitable for the project could be found in Paris, the king sent for Henri 

de Vic from Germany as an expert (“in scientia et industria horologi- 

arie expertissimus”) at considerable expense. In addition to the salary, 

the German clockmaker was promised free lodging and a workshop in 

the clock tower along with various other rights and privileges.5! A 

whole group of clockmakers can be attested in Paris from the begin- 
ning of the fourteenth century. Evidently, however, none of them had 
mastered the technology of the heavy tower clocks. But Henri de Vic 
did not bring this technology to France from Germany.*? Such clocks, 
and clockmakers who knew how to make them, had existed for some 
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time also in the region of northern France and the Netherlands. Appar- 

ently Henri de Vic was merely a particularly well qualified expert for 

such a prestigious project. Such specialists were rare, but not so rare 

that it would have been necessary to summon one from Germany. 

Only a few years later, Henri de Vic’s successor, the royal clockmaker 

Pierre de Ste. Béate, went from Paris to Avignon to build the public 

clock in the tower of the papal palace.* 

The number of specialists working in more than one place and the 

migration movements triggered by the construction of a public clock 

are significant also in quantitative terms: we still find about sixty cases 

in the fourteenth century, and about one hundred and forty cases in 

the fifteenth century. In addition, we can make out a small group of 

specialists — like the ones mentioned above — who, owing to their pro- 

fession, worked on a supraregional level. 

There were, to begin with, the Italian clockmakers who exported 

the technology of striking tower clocks in the second third of the four- 

teenth century. The clock for the palace in Perpignan was built in 1356 

by Antonio Bovelli, who had earlier been employed at the papal court 

in Avignon as a plumber. An Italian (“lumbardus”) was working on 

the clock in Windsor Castle in 1352.54 After this time (about 1360) we 

can no longer speak of a geographic center from which such migration 

movements originated. 

As early as 1358, three clockmakers from Delft received a letter of 

safe conduct from the English king to practice their art in England 

without any impediments. In 1389, Ragusa obtained the services of 

magister Helias from Lecce in Apulia to build a large tower clock. 

Johannes Alemanus was building one in Valencia in 1378, Antonio 

Core from Bologna was doing the same in Lerida in 1390. Such 

extensive wanderings are, however, not typical. Most wandering 

clockmakers moved within a relatively small region with a diameter of 

a two to four days journey. The royal clockmaker Pierre Melin worked 

in Paris, Sens, Angers, and Poitiers (between 1375 and 1397). Girardin 

Petit from Avignon built clocks in PIsle-sur-la-Sorgue and Sisteron 

(1397-1410). The presence of Heinrich Halder can be documented in 

Basel, Strasbourg, and Lucerne between 1373 and 1419, and that of 

Claus Gutsch from Villingen in Strasbourg and Rottweil (1389- 

1400).°° The construction of a large clockwork was the occasion for a 

great many journeys and transports for about a year. Before construc- 
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tion began, the city’s representatives went on information-gathering 

trips to look at other clocks and to negotiate with clockmakers. In 1372, 

a delegation traveled from Mons to Calais (“pour vir et aviser Porloge 

de le cloke qui sonne les eures,” “to see and apprise the clock which 

rings the hours”), and in 1379 another one was dispatched to Valen- 

ciennes (“pour vir Porloge, et lassus prendre conseil et avi,” “to see the 

clock and to gather counsel and advice”). 

More important were the journeys undertaken by clockmakers to 

give advice on a project, to gather know-how, or to inspect the work 

of colleagues. Jacob zum Kircheneck, “orglockener” in Frankfurt, jour- 

neyed to Cologne in 1372 to inspect a “werg der orglocken,” at a time 

when he was building a clock for the Frankfurt city council. After the 

procurator in Orléans had negotiated with clockmakers and _bell- 

founders in Rouen (about 200 kilometers away) and had informed 

himself about prices, Louis Carel from Montlugon was commissioned 

to build the clock in Orléans. Carel and the clockmaker Jehan Menin, 

who arrived from Nevers for just this purpose, went to Chartres to 

look at clockworks. Shortly thereafter Carel had his tools brought 

from Moulins, where he had built a clock, to Orléans (1352-1354).57 

The sources from three cities allow us to reconstruct the travels of 

these two clockmakers who specialized in large clocks and worked 

within a region that was not all that large. Such journeys by experts 

were not yet organized, controlled, and mediated by a professional 

organization. Information came from inter-municipal correspon- 

dence, on the one hand, and letters of confirmation, recommendation, 

and self-recommendation for or from clockmakers, on the other. The 

council of Brunswick twice confirmed in 1385-1386 that master Mar- 

quardt had built a tower clock (“eyn gud werk”) for the church of 

St. Catherine. In 1493, Werner Hert von Buchen, city smith and city 

clockmaker in Frankfurt, was recommended by the city’s council to 

Strasbourg for the construction of the cathedral clock (“uhrwerk mit 

eym zeiger in der hdhe”), on the grounds that he had already built 

good clocks in Colmar and Worms. Later it was also confirmed that 

he had built several clocks in Usingen. As municipal clockkeeper in 

Frankfurt, Lazarus Kreger von Bare from Strasbourg worked on the 

clocks in the cathedral and the R6mer and in addition built the munici- 

pal clock in Andernach (fig. 46).°° 

The most famous self-recommendation, and at the same time an 
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46. Repair sketch of the clockmaker Lazarus Kreger for the going work of 

the monumental clock in the cathedral at Frankfurt (1529). Stadtarchiv Frank- 

furt. Text: “This standing-wheel, as thick as that (of the clock) in the Romer”; 

“This wheel shall be as thick as the wheel on the Romer”; “hour wheel”; “is 

assigned for XXX gulden, done on the sixth day of Goern or after Jubilate 1529 

Lasarus von Bare clockmaker, in the presence of [there follow the names of 

the members of the commission]”; on the backside: “Renovated the clock in 

the parish with two wheels.” 
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important source for the history of the clock in four cities, is the letter 

the evidently aging Don Gaspare degli Ubaldini sent to the republic 

of Siena in March of 1399. On several occasions he had heard from 

citizens of Siena that the city was desperately seeking a clockmaker for 

the clock in the Torre del Mangia at the Campo. He informed the city 

that he built a clock in the Rialto in Venice with hour-striking jacks 

and a cock that emerged and crowed three times every hour, and the 

municipal clock of Orvieto with indications of the courses of the sun 

and the moon. At present he was constructing a clock for Citta di 

Castello. His clocks were widely known. All he wished for was to serve 

a city like Siena, to live and die with its citizens. In return he wanted 

nothing but honor and fame. In May his application was accepted. By 

August the clock had been renovated, but in the meantime the master 

had died.5? Don Gaspare is an untypical case of a free-lance wandering 

clockmaker who promoted himself. In many other instances the cities 

who were employing clockmakers as clockkeepers released them only 

for specific periods of time. 

A city’s public clock was a device that was prone to breaking down 

and required a high level of maintenance. Extreme temperature fluc- 

tuations, considerable problems with lubrication, the deterioration of 

the relatively soft iron bearings, and the continual wear on the geared 

wheels necessitated constant repairs. The cities therefore had to try and 

keep a clockmaker, once he had come, by extending to him privileges 

such as exemptions from burgher fees, taxes, and guard duty. Henri de 

Vic’s high salary is evidence of such efforts on the part of the cities. In 

1440, Hinrik von dem Hagen was exempted from paying the fees for 

acquiring citizenship in Hannover; in return he was to maintain the 

“zeyger.” Leonard Wunderlich became a citizen in Cracow in 1456 free 

of charge, and Hans Graff of Schliers did the same in Salzburg in 1464; 

in both cases the privilege was extended because they were to become 
city clockmakers.°° 

As a counterpart to the many occupational migration movements 

“here and there,” the question naturally arises whether, and if so 

where, we can detect either movements that stabilized in a given direc- 

tion or local and regional centers of gravity. Generally speaking, noth- 

ing of the sort can be observed for the fourteenth and fifteenth centu- 

ries. With the exception of the first decades of the fourteenth century, 
when clockmakers existed in many localities while tower clockmakers 
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were found only in Italy, there were no regional centers of gravity in 
the Late Middle Ages. Even iron-producing regions or cities specializ- 
ing in ironworking were not at the same time centers of clockmaking. 

The primary raw material for clocks, rods and bars of iron, was a trans- 

portable, common item of trade. In spite of comparatively spotty 

sources, we can say that cities in which armament trades were concen- 

trated (such as Brescia and Toulouse), but also cities with centers of 

fine metalworking (Nuremberg or Wiirzburg, for example), do not 

yet, in the fifteenth century, stand out through an unusual density of 

clockmaker names or frequent mention as the native cities of clock- 

makers. Only Fabriano, a city known for its paper manufacturing, 
stands out in Italy for being frequently mentioned as a town from 

which clockmakers came.*! 

The other noticeable and chronologically stable migration move- 

ment is the continual presence in Italy and France of clockmakers from 

German-speaking regions. Apart from Henri de Vic, other German 

clockmakers had also gone to France at the end of the fourteenth cen- 

tury, among them Jean de Wissembourg, who 1n 1377 built the tower 

clock in the cathedral of Bourges. J.-P. Leguay has found quite a few 

skilled German craftsmen, particularly from the metal trades, in Brit- 

tany in the second half of the fifteenth century. In Nantes, for example, 

Hansse Dezingue became keeper of the municipal clock. The fif- 

teenth century sees also a growing number of “teotonici” — the Kon- 

rads, Herrmans, and Manfreds — among clockmaker names in north- 

ern Italy and Rome. However, there is very little we can say about the 

native cities of these clockmakers or about the special motives behind 

this migration movement. An oversupply of skilled craftsmen in the 

metal trades is conceivable, but so is superior qualification or a surging 

demand in the target countries.°? 

Smiths and locksmiths 

We can say very little in terms of general characterization about smiths 

and locksmiths, numerically the largest group (over 60 percent) 

among late medieval clockmakers. They are predominantly urban arti- 

sans, neither especially well-off nor especially poor, with no particular 

social weight in their environment; in short: they are qualified special- 

ists with not outstanding characteristics. They are needed, but do not 
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in any way share the prominent status of astronomers and engineers. 

Some of them are gold- and silversmiths, a few work in the weapons 

trades. Most of them belong to the guilds of smiths and locksmiths, 

which since time immemorial had comprised a large number of dif- 

ferentiated metal trades. The written sources of these guilds, however, 

are for the most part rather meager, and only in the fifteenth century 

do we find scattered references to clockmakers in the lists of members 

(in Florence after 1407, in Cracow after 1410, in Basel after 1413, in 

Andernach, Nuremberg, and Augsburg from the mid-fifteenth century 

on). We can probably infer from these occasional occupational desig- 

nations within the guilds of smiths that from this time on clockmaking 

was no longer a side-occupation but a profession in which one could 

make a living.*t The “seyermaker” are addressed for the first time as an 

occupational group within the guild of smiths on the occasion of a 

renewal of the statutes in Magdeburg in 1431, and subsequently in V1- 

enna in an ordinance from the year 1451.° 

It is likely that this period also saw the first attempts by the guilds 

of smiths and locksmiths to restrict the making of clocks to their mem- 

bers. To my knowledge the first instance is an ordinance from Prato 

(1451), according to which only members of the guild of locksmiths 

were permitted to make clocks.°° However, these regulations concern 

the emerging trade of makers of small clocks, which, beginning in the 

sixteenth century, was being organized into separate guilds.°’ It is 

highly doubtful, though, whether the builders of tower clocks were 

ever subject to compulsory guild membership. The large number of 

commissions from outside of the guilds’ sphere of influence makes this 

all the more unlikely. Moreover, we must bear in mind that in the 

environs of large courts, in particular, many artisans, and especially 

those highly qualified, were able to escape compulsory guild member- 

ship. The numerous clockmakers in the service of the courts were 

undoubtedly part of these "non-corporative elites” (in P. Sasson’s 
phrase).° 

Owing to the paucity of the sources, it is also difficult to determine 
whether and from what time on journeymen went on travels or had 
to do so as part of their training. The only instance we can trace some- 
what is surely not typical because of the unusually extensive journeys 
it involved. Around 1430, Erhard Eisenros (Girard Yzanrose, Ferrose) 

from the diocese of Trier is mentioned in the book of the locksmith 



195 

LATE MEDIEVAL CLOCKMAKERS 

47. Initial “I” in the “clock warden’s oath” in the oath book of the city of 

Augsburg (1583). Stadtarchiv Augsburg: “You will swear a learned oath to God 

and the saints to faithfully regulate, keep, and maintain the clock of the city 
day and night, with everything that goes along with it, and also to faithfully 
guard and look after the keys to city hall and the clock, including unlocking 
and locking, also to be faithful to the city and to warn of harm, all this faithfuly 
and without guile.” 

journeymen in Basel. In Avignon in 1445, he took on Menginus God- 

ini from Troyes as a journeyman in order to instruct him in the art 

of smithing, clockmaking, weaponry, as well as the mysterious “ars 

artificialiter scribendi.” Together with his companion Simon de Troyes 

he had built a tower clock in Ales (Languedoc) in 1439. In 1448-1451 

he was back in this city.°? Most clockmakers probably began their train- 

ing as apprentice smiths. 
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A way of training the next generation of builders or successors that 

was unique to tower clock building was the training of local smiths by 

a clockmaker brought in from the outside. A large number of contracts 

with clockmakers stipulate that locals be involved in the construction 

of the clock and be trained in its maintenance and repair. In this way, 

too, technical competence could be passed on and preserved for the 

city. The smiths who were hired as clock wardens increased the steadily 

growing group of municipal officials. There are many names we know 

only from municipal salary lists and oath books. 

The late medieval clockmakers were not a homogenous group in 

terms of training and qualification. The spectrum of the men who car- 

ried this innovation reaches from the learned astronomer to the versa- 

tile technical expert to the simple smith; it includes articulate authors 

of building instructions and manuals and illiterates.”° At the end of the 

fifteenth century there is still no hint of a trend toward professionaliza- 

tion. The history of clockmaking during the following centuries re- 

veals that it continued to be innovative only outside of the social struc- 

tures of occupational groups. 
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Clock Time Signal, Communal Bell, and 

Municipal Signal Systems 

Communal tower and communal bell 

In the urban realm the new time signal moved into a symbolically and 

legally important location, the communal tower, where it immediately 

occupied a prominent place within the system of signals. 

The communal clock and clock-bell were almost always installed in 

the communal tower, which also housed the communal bell. The strik- 

ing work of the clock was frequently connected with the communal 

bell, either to make the time signal audible as far as possible or to save 

the expenses for a separate bell. 

Like the keys of the city, the seal, town hall, and the pillory, the 

communal tower and bell were in the fourteenth century among the 

legally important and symbolically significant municipal attributes, 

each of which could stand for the city as a whole. All over Europe 

the city tower and bell were the bearers of communal identity. In the 

kingdom of France and the adjoining territories of northwestern Eu- 

rope, the tower was called “beftroi” and the bell “bancloche.” Both 

marked a city as a relatively autonomous legal entity and thus had to 

be authorized by the territorial rulers.* The granting of a city charter 

was in these regions tantamount to the granting of the right to a tower 

and a bell. For instance, in the charter given by King Philip Augustus 

to the inhabitants of Tournai in 1188, we read that they are permitted 

“to maintain a bell at a suitable location in order to strike it as they see 

fit for the affairs of the town.”* 
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48. Notice in a Bolognese chronicle about the installation of the first public 

clock. Bologna, Biblioteca dell?’Archiginnasio, Ms. 1090, folio 131: “The first 

clock of the community of Bologna began to strike on the roth day of March 

1356; it was erected in the tower of the Palazzo Capitanato at the Piazza; the 

Lord Giovanni da Oléggio had it built.” Photo: Studio Fotografico Fantini. 

“Affairs of the town”: these were primarily assemblies of citizens 

sitting either in council or as a court. The instrument for summoning 

the citizens was at the same time an expression of the nght to hold 

such assemblies. The formula “assembled in the customary manner at 

the striking of the bell” — widely used, particularly in Italy — guaran- 

teed the legality and validity of communal decrees and proclamations.* 

The description of municipal assemblies as “consilium campanae,” 

common in Italy, and the decoration of collections of municipal stat- 

utes with images of bells and bell-ringers reveal the connection be- 

tween the signal and the object of the signal (fig. 49). The city bell also 

warned of fire and danger of war and called the citizens to arms. It was 

the acoustic delineation of a sphere of authority, and the expression 

“ban-clock,” found in many languages, describes the territory under a 

given jurisdiction. Sayings that were common into the modern period 

preserve the memory of such legal spheres and signal spheres. “Unter 

einer Glocke” (“under a bell”) meant being part of a certain sphere of 

jurisdiction; “unter die Glocke gehen” (“to go under the bell”) was 

during the period of industrialization a vivid way of expressing one’s 

subjection to the authority of a factory owner.® 

The authorization to ring the city bells was therefore very strictly 

regulated in medieval cities, and unauthorized use was severely pun- 

ished.° In countless municipal statutes we find time and again the dual 

legal and symbolic aspect of the communal bell. Unauthorized ringing 

was not only a “false alarm” and impertinent presumptuousness; sym- 

bolically, possession of or access to the municipal bells was a sign of 
de facto control. In his Chronicon extravagans, Galvano Fiammo ex- 
pressed the link between the possibility of ringing the municipal bells 
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49. Liber consiliorum, a collection of decrees of the council of Turin, 1346. 

Historical Archive of the City of Turin. 
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and the de facto rule over the city: “In the palace of the commune is a 

high tower with four bells; whoever controls this palace and can ring 

the bells at will can easily rule over the city.”” 

The cult of the clock as the sign of authority thus entailed, con- 

versely, that revolts against the lords of the city were signaled with the 

ringing of these communal bells: “1368 — a large, armed crowd arrived 

... and said they wanted to have . . . the seal of the city and the keys 

to the alarm bells (“sturmgloggen”)” (Chronicle of Augsburg).* 

Punitive measures by the city lords were accordingly directed against 

city towers and communal bells. The loss of tower and bell amounted 

to the loss of legal status and political disenfranchisement, on a sym- 

bolic level also to the inability to engage in revolt.’ The inflicting of 

punishment against tower and bells could, as “symbolic punishments” 

in which objects represented the accused, take the place of executions, 

demolitions, or reparations. Because of their high metal value bells 

were always highly sought-after spoils, and because they could be re- 

cast into cannons they were the target of the authorities’ hunger for 

metals. As late as the two world wars, the expression “to let bells go 

to war” was in Germany a euphemism for the extensive confiscation 

of bells for weapons manufacturing. Owing to their symbolic signifi- 

cance, however, bells were also prime targets of aggression in times of 

war. By hauling off the bells the enemy rendered the citizens honorless 

and defenseless, incapable of expressing their political and religious 

identity (particularly during the religious civil wars).!° As one way of 

preventing internal wars, the political theorist Jean Bodin recom- 

mended taking the bells from the citizens; primarily for this reason, he 

claims, Muslim princes had blocked the introduction of bells in their 

realms.!! L. Febvre reports that as late as 1737 an intendant in Bour- 

bonnais had the bells of a city taken down and, in medieval fashion, 

whipped by the executioner because the inhabitants had sounded the 
bells against the royal guards.” 

The restructuring of provinces into departments in the early phase 

of the French Revolution led to fierce quarrels between the administra- 

tion and the small towns and villages, because the latter, with active 

support from the local priests and pastors, fought against the removal 
of the symbols of the old faith and of local autonomy. The revolution- 
ary wars subsequently saw extensive confiscations of bells for the pur- 
pose of procuring metal for coinage and cannons; in addition, these 
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confiscations were legitimated as part of the campaign to rid the land 

of the Christian faith, for example, through prohibitions on bell ring- 

ing (in 1795-1796). At least in some cases, however, locals were able to 

save their bells by pointing out the importance of the clock for the life 

of the community. 

The communal tower was also in many respects a central site for 

daily life inside the city. As one of the few massive stone structures, it 

served the community as watchtower, arsenal, archive, and prison. In 

the city tower, the “place of the norm,” the authoritative weights and 

measures (for example, the iron ell or the stone bushel) were accessible 

to all.!° Later, city towers also became the zero points in the grid of 

highways. The communal scales were usually near the tower. Every 

year the communal statutes were read from it. It was also the place 

where, after an announcement by the ringing of the bells, death sen- 

tences, banishments, and the dates of auctions and due dates for inter- 

est payments were proclaimed. Idiomatic expressions in German that 

are still understandable today remind us of the communal tower and 

the bell as the location and signal of all important news: “an die grofse 

Glocke laufen” (lit., “to run to the big bell”) (fig. 50) or “an die grofse 

Glocke hangen” (lit., “to hang something on the big bell”) mean to 
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tell something openly or trumpet it about; “etwas lauten horen” (lit., 

“to hear something ringing”) or “wissen, was die Glocke geschlagen 

hat” (lit., “to know what the bell has rung”) mean the same as “to be 

in the know.”'* 

Architecturally the city tower in northwestern Europe was an urban 

version of the feudal defensive tower, the donjon, examples of which 

have survived in Tournai and Béthune, for example. In Italy the com- 

munal campaniles were structures that competed with the urban tower 

of powerful families.'* We must not be misled by their modern-day 

appearance. City towers were not enormous gray columns of masonry. 
A surviving plan of the belfry in Ghent shows the vivid and colorful 

decoration with banners, coats of arms, pennants, and eaves figures on 

the steeple which was ornamented with many small towers. The belfry 

as it looked back then was more reminiscent of a decorated tree than a 

gloomy fortress tower. But not all cities and towns possessed a separate 

architectural center of civic life. In smaller places the church tower ful- 

filled the function of the communal tower; in larger cites the second 

tower of the cathedral was the communal belfry housing the fire watch, 

bells, clock, prison, communal weights and measures, and the commu- 

nal archives. The spires of the minsters of Metz, Strasbourg, and Frei- 

burg are the best-known examples of church towers that were main- 

tained by the civic community as late as the nineteenth century.!° The 

public clock shared in the honor that attached to the place where it 

was located and likewise became, even if to a lesser degree and without 

the protection of special legal provisions, the bearer of communal 

identity. The fact that the clock gradually came to replace the commu- 

nal bell as a characteristic urban element is also reflected in the frequent 

change of name from “beftroi” or “Stadtturm” (“city tower”) to “Uhr- 

turm” (“clock tower”), “Zytturm” (“time tower”), and “Torre dell’oro- 

logio.” With the passage of time the importance of the communal bell 

declined more and more compared to that of the clock. 

The development of the urban system of signals 

The public clock was the final element within the system of signals in 
medieval towns and cities, a system whose development we can ob- 
serve since the High Middle Ages. The high point of this development, 
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its fullest differentiation, occurred in the first half of the fourteenth 
century, and it was the diffusion of public clocks which led in the long 
run to the simplification, standardization, and—some might say —im- 

poverishment of these complex “acoustic environments” of medieval 
cities.'” As important as the communal bell was for the political iden- 

tity of the communes, the signaling needs of the cities had been contin- 

ually growing since the High Middle Ages. The exalted status of the 

communal bell, which was originally probably no more than a practical 
aid, and the restriction of its use to a limited number of special occa- 

sions that concerned the entire community necessitated other signals, 

above all bell signals, but also fanfares, flags, and pennants. New sig- 

nals were needed whenever the intended audience was not the entire 

community but only a specific group, or when the ordinary nature of 

the event was not in keeping with the dignity of the large bell. 

The increase in urban signals repeated in many respects the multipli- 

cation of ecclesiastical bell signals. For some time the various church 

towers of a city had been ringing for many more occasions than merely 

the hours of prayer or mass. The increasingly complex ecclesiastical 

ringing arrangements exemplified the tendency to distinguish the ever- 

more-numerous feasts of the church year not only liturgically but also 

acoustically. The custom of ringing the bells upon someone’s death 

or—for a fee—at funerals spread ever more widely. Added was the 

respectful ringing when ecclesiastical or secular dignitaries were in 

town, ringing to announce ecclesiastical punishments, and the warn- 

ing ringing at approaching storms. Three bells were soon standard for 

city churches, a number that was often far surpassed by cathedral 

churches. 
It is likely that law-and-order regulations in the cities were originally 

linked to ecclesiastical ringing. The prelates and manorial lords of Nor- 

mandy probably sanctioned what was already an older custom when 

they decreed at the council of Caen in 1061 that the curfew — the call 

to cover the fires in the stove and to refrain from leaving the house — 

should be announced by the evening prayer bell.'* Over time the open- 

ing and closing of the city gates, the changing of the guards, and the 

beginning and end of the market were regulated in similar fashion. For 

these and many other purposes the cities gradually acquired a growing 

number of their own bells. For cities, too, three bells (for example, 
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great bell, council bell, gate bell) were soon a kind of standard accou- 

trement. Added were, depending on the size of the city, bells for the 

various council and court assemblies, for the dates on which interest 

and taxes were due, for individual quarters of the city, for the market 

(and possibly separate bells for the corn and the fish markets), a “Mus- 

Glocke” to summon the poor for the distribution of alms, bells for 

schools and universities, “Kehrglocken” (“sweeping bells”) to remind 

homeowners of the obligatory cleaning of the streets, and on and on.” 

The last great wave of bell installations prior to clock-bells were the 

“Werkglocken” (“work bells”) to regulate the working time of urban 

workers. 

The “emancipation” of the urban ensemble of bells from the ringing 

of the churches could be more or less pronounced, but nowhere was 

the break complete. In smaller cities the ecclesiastical bells frequently 

also took on the function of signaling police regulations. The ringing 

for early mass (Prime ringing) was often the sign to open the gates; 

the time for market could be indicated by the mass bell and the end of 

working time by the ringing for Compline. The connection between 

the signal for prayer time and the civic time signal 1s particularly pro- 

nounced in the case of the so-called Angelus bell that spread through- 

out Europe in the Late Middle Ages. This evening call to prayer, since 

the turn of the fourteenth century rung with a three-fold bell signal (it 

was also called Ave Maria bell), became in many cities the civic evening 

or curfew-bell (“ignitegium”). In the course of the fourteenth century 

an Ave Maria prayer was added in the morning, and in the fifteenth 

century, another one at noontime.”° The division of the day into three 

hour segments, derived from the canonical hours, was replaced by a 

simple two-part division of the civic day. In 1456, Pope Calixtus III 

made the noontime Ave Maria prayer, long since customary in many 

cities, obligatory for the entire Church as a prayer against the Turkish 

threat. Thereafter it was in Germany frequently called Pacem-ringing. 

Louis XI of France (1461-1483) supposedly decreed the “sonnerie du 

midi” for the kingdom, but this is an old legend which one cannot use 

to argue that it promoted the spread of modern hour-reckoning.”! We 

find no mention of such an order in the fifteenth century. The midi- 
ringing that had long since been customary in French cities had in 
most places probably been regulated for decades according to the pub- 
lic clock. 
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A large backdrop of bells was thus part of the large cities around 
1300. R. Davidsohn could write in his great history of Florence: “A 
wanderer approaching Florence, say on the morning of a great feast 

day, must have heard the tremendous ringing of more than eighty bells 

already from afar.”?? And this estimate of the number of bells is prob- 

ably much too low. 

The multiplication of bells brought it about that by the end of the 

thirteenth century their sheer number had become an index of the size 

and importance of a city. Bonvesin de la Riva’s city description De mag- 

nalibus urbis Mediolant, written in 1288, is considered a milestone in the 

history of statistics, because it sought to prove the greatness of Milan 

with a wealth of numbers and measures. Bonvesin lists the number of 

inhabitants (200,000), the length of the city wall, the daily consump- 

tion of grain and meat, the number of solid houses (12,500), of wells 

(6,000), of mills (over 900) and their wheels (over 3,000), of surgeons 

(150), doctors (28), and on and on. He pegs the number of churches 

at about 200, of altars at 480. More than 200 bells rang from 120 

church towers (chap. 2, IX). Whoever wanted to see this enormous 

city and its wonders had only to climb up the city tower and let his 

eyes roam about.”* 

If the number and size of the bells, if the acoustic ensemble made 

the size and importance of a city more audible than visible, the variety 

of the ringing also reflected political and socio-economic differentia- 

tions. In his Libellus de descriptione Papiae (around 1320), Opicino de 

Canistris, like Bonvesin, calls attention to the large number of church 

bells in Pavia. According to his account the largest bell, audible at a 

distance of more than six thousand paces (ca. nine kilometers), hung 

in the cathedral. Among the monastic bells the largest belonged to the 

predicant orders and the Carmelites. The guilds had their own large 

bell, which was rung to call the people to arms. The Council of the 

Wise was summoned by a certain bell signal (“certum sonus campa- 

nae”), the Council of One Hundred by a different one (“alius dissimilis 

sonus”). Another signal (“diversus sonus”) called all of the citizens to- 

gether, and still another one (“alius sonus”) announced the proclama- 

tion of judgments and announcements by the city. In addition to the 

ringing for funerals, the text also mentions the tolling of the Angelus 

bell in the evening and in the morning, the wine bell (“campana bibi- 

torum”), a small bell (“scilla”) for the closing of the gates at night, and 
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another bell that indicated with seven strokes in the morning that one 

could leave the city.?4 Indirectly the text used the richly developed 

acoustic ensemble of the city as an indication of the diversity and rela- 

tive autonomy of the spheres of urban functions.” 

Despite a wealth of material, the mere attempt to offer no more than 

a typifying reconstruction of the functional interrelationship of the ur- 

ban signals is faced with considerable difficulties. Every city developed 

its own customs, and in each city the name of the bell would frequently 

change with the time it was rung, the intended audience, possibly also 

with the duration of the ringing. This applies not only to bells that 

were used simultaneously for ecclesiastical and civic signals. Added to 

this is the breadth of variation in the signals themselves, which 1s all 

but impossible to deduce any longer from the texts. With a hammer 

one can produce a great variety of tones and rhythms on a bell that is 

at rest. If the bell is moved in its suspension additional possibilities 

offer themselves: turning the bell upside down and letting it drop, 

sliding the hammer along in a circular motion, stopping the bell, and 

much more. Finally, various signals can be announced or repeated by 

a change in striking technique (“appell”). The diversity of signals pro- 

duced in this way was understood without explanation only by those 

who had grown up with them. Texts alone allow only an incomplete 

reconstruction of these acoustic backdrops. For that reason I shall limit 

myself to a brief account of three relatively well documented urban 

bell ensembles. 

The “bancloche” in Tournai (1188) was initially used for the council, 

to summon the inhabitants to assemblies and to arms, and to an- 

nounce judgments. Another bell (“wigneron”) was added after 1270. 

It was described as “wigneron du matin, wigneron du jour, wigneron 

du soir, tierce (or) cloque du darain” and was used for assemblies of 

the council and the court, for guild meetings, for the guards of the city 

gates, and as a wine bell. Another signal that served the same purposes 

appeared after 1302 under the designation “prime,” “nuene’, or “cloche 

du vespres.” It is not clear whether this bell was located in the belfry 

or in some church tower. Finally, beginning in 1300 we find mention 

of the “cloke des ouvriers” (“cloche du disner,” “resson”), which was 

used not only to regulate work time but also for selling at the market 
and as a call to arms.?¢ 
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Treviso had only one large bell (“campana”) and one small bell 

(“campanella”) at the end of the thirteenth century. When rung with 

a hammer (“a martello”) instead of a rope, the large bell called the men 

between the ages of sixteen and twenty to arms. It was used to sum- 

mon the “consiglio maggiore,” and until 1314 it served as the Angelus 

bell which also announced the end of work in the city. The beginning 

of work was indicated with the “campanella,” which as “campanella 

degli anziani” called to the assembly of the “curia del podesta.” The 

assembly of the citizens was summoned with both bells simultane- 

ously. When struck with a hammer the small bell also called together 

the five hundred permanently armed citizens. Eventually, in 1315, the 

commune had a new, medium-sized bell installed, “campana magna 

nuova [or] la marangona.” At first it was supposed to regulate the 

work time in the city at sunrise and sunset; however, because it 

was more audible, it was subsequently also used for the council as- 

semblies.?7 

The communal bells of San Marco in Venice were much older than 

the civic ringing in Tournai and Treviso, which did not develop dis- 

tinctly until around 1300. We are so much better informed about the 

four bells in the cathedral in Venice —in order of size: “Marangona, 

Nona, Mezza-Terza, Trottiera”— because they are frequently men- 

tioned in the many extant guild and council regulations of the thir- 

teenth and fourteenth centuries, and because their tolling is described 

in detail in the city descriptions of the sixteenth and seventeenth centu- 

ries. The bells of San Marco regulated above all the municipal adminis- 

tration and the activity at the largest work site in Venice, the docks 

(arsenal). The guilds also used them. The tolling was arranged around 

two fixed times of the day, midnight and midday, and around two 

movable points, sunrise and sunset. The early modern sources also 

allow an approximate fixation of the remaining times of the day.’* The 

documented duration of the ringing could have been fixed only since 

the fourteenth century — probably controlled by sandglasses. In the in- 

terest of brevity I have drawn up a schematic reconstruction of the 

somewhat regular signals, which are based on an equinoctial day with 

precisely twelve daylight hours. The time indications are modern and 

do not follow the Italian method of counting that was customary at 

the time. 



208 

GHAPTER SEVEN 

Systems of bell signals at San Marco in Venice 

Time of Duration of ringing Bell signal 
day Message of the signal 

(approx.) 

Dusk MEZZATERZA, MATUTINA 
6 Withdrawal of the guards, opening of the church 

(twelfth cent.: beginning of work for hatters, 
earliest beginning of work for smiths on Monday). 

Sunrise 1/4 hour MARANGONA, CAMPANA MAGISTRORUM 

Gi Workers at the arsenal leave for work (thirteenth 
cent.: beginning of work for joiners and carpenters; 
threat of punishment). 

7:30-8 1/2 hour MEZZATERZA, CAMPANA LUNGA DE MANE, 

CAMPANA OFFICIALIUM CAMPANA CONSILII 

Workers at the arsenal enter the workshops; threat 

of punishment; at the end of the signal officials 

must be at their workplace; canons commence the 

offices; at end of signal the “missa cantata” begins; 

after this the members of the maggior consiglio and 
the courts go into the palace, where they remain at 

least until Terce (thirteenth cent.: if there is a large 

demand on their services, barbers may bleed 

patients earlier). 

9 MARANGONA, TERCIA SANCTUM MARCUM 

Courts are in session. 

12 NONA 
Beginning of noontime break in the arsenal; 
permitted end of work for carpenters with 
deduction of half'a day’s wage. 

12:30-13 1/2 hour TROTTIERA, DOPO NONA, CAMPANA LUNGA POST 

PRANDIUM 

At end of signal: resumption of work at the arsenal 

and in the administration; threat of punishment. 

14 NONA 

Snack break. 

Sunset 1/4 hour MARANGONA, CAMPANA MAGISTRORUM DE SERO, 

AVE MARIA 

End of work: arsenal, painters, smiths, shoemakers, 

wool-beaters, hatters; goldsmith may not work 

between now and the next signal of the Marangona. 



209 

CLOCK TIME SIGNAL, COMMUNAL BELL 

19 MEZZATERZA 

Mounting of the guard. 

19:30 1/4 hour NONA, TERCIUM TINTINABULUM, TERCIA 
CAMPANA 
Closing of the guardrooms, prohibition of all 

cooper work using fire and light until Matins, 
prohibition of carrying weapons. 

20 1/2 hour MARANGONA 

Midnight MARANGONA 

24 Changing of the guards. 

The regular workday signals alone lasted between two and three 

hours. Added was the ringing for the masses, which could vary consid- 

erably depending on the significance of the day within the church year. 

Added also was the ringing that signaled the departure and return of 

the galleys. Special bell signals announced the election, arrival, or 

death of the doge, the pope, and various other civic dignitaries. There 

were signals for particularly solemn council meetings and a half hour 

ringing at the proclamation of death sentences. If we add to this the 

tolling of a few dozen city churches, among them that of the Rualto, 

which was important for the markets, there could have been only brief 

intervals when there was no ringing at all. Everyday life was temporally 

structured through and through by bell signals, with hardly a day re- 

sembling another. Apart from signals for proclamations, prohibitions, 

and ordinances, the inhabitants of the city also received a wealth of 

acoustic information about important public civic events. 

Very much like modern disputes over broadcast frequencies, the 1n- 

creasing number of bells in the cities led to quarrels over ringing pre- 

rogatives, and the large orders had to reduce the number of bells in 

their urban monasteries to avoid conflicts with the parish churches. 

Certain church bells were granted privileges; for example, at some lo- 

calities the episcopal bells were given the right to ring before all other 

churches.?? In the civic sphere de facto prerogatives emerged. For Flor- 

ence, Dante described the ringing of the Benedictine abbey of S. Maria 

Assunta (“Badia”) at the old city wall as the one from which the entire 

city took its cues, “dond? ella prende ancora sesta a nona.”*° Modern 



210 

GEAR TEE RAS EVEN 

authors have falsely inferred from this the existence of a public clock.” 

Fourteenth-century commentators on Dante know nothing of this, 

though they confirm that around 1300 the Badia maintained a kind of 

“standard communal ringing.” According to Benvenuto da Imola, the 

Hours were rung “more reliably and orderly” in the Badia than in 

other Florentine churches; Iacopo della Lana tells us that the day la- 

borers were guided by it in going to and leaving work.*? An ordinance 

of the armorers in 1321 prohibited working with hammer and file prior 

to the morning ringing of the abbey.** 

One might suspect that what was, at least in the large cities, a very 

effective and differentiated system of signals at the beginning of the 

fourteenth century had, at the height of its development, also reached 

its limits. Bell signals that are differentiated according to occasion, 

time, and intended audience cannot be multiplied indefinitely, and 

perhaps in some cities the threshold to signaling chaos had already 

been crossed. Presumably thought was given in some cities to ways in 

which the wealth of signals could be reduced and the signaling system 

simplified or individual signals made more readily recognizable. One 

attempt involved specifying the duration of the signal more precisely 

by linking it to experiential walking measurements. In Bologna the 

large communal bell was to be struck at the beginning of the day for 

as long as it took a person on foot to go one mile. However, such 

walk-time indications did not work out. A few years later the ringing 

regulation in the Bolognese statutes was changed: the morning signal 

was to be given with fifteen light and five strong strokes.** In the stat- 

utes of Piacenza during the brief rule of Galeazzo I Visconti, the father 

of the donor of the clock in Milan, we also find at the beginning of 

the fourteenth century a section on the daytime signals of the commu- 

nal clock. Here the period of daylight is organized by numbered bell 

signals: at daybreak and at the first hour of the night the podesta 

should arrange for a single ringing; around Prime, after None, and for 

Compline, three series of twenty light strokes would be sounded.*5 

While the civic day is still the period of daylight, and the times of 

day are described in the customary way, the stroke sequence follows 
a counting scheme independent of specific occasions or intended au- 
diences. 

For city dwellers all regular bell signals were also time signals from 
which all or specific groups could or had to take their cues. The timing 
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of the signals was regulated according to daylight or the position of 
the sun. Possible, but surely quite rare, was also the regulating of the 

bells by means of astronomical observations and aids, for example, as- 

trolabes. Perhaps the small number of nighttime signals were set off 

with the help of alarms, as was customary in the monasteries; however, 

we have no information on this. 

The accuracy of the signals that was achieved by observing natural 

phenomena was undoubtedly adequate for everyday life in the cities. 

Since the bell signals themselves lasted a certain amount of time, it was 

possible, should it be necessary, to specify them with greater accuracy. 

If there was any doubt, nearly all regulations referred to the end of the 

signal. For example, according to an ordinance of 1385 in Evreux, the 

negotiations between retailers of fowl and suppliers could begin only 

when the tolling of the bell had ceased completely: “A heure de grant 

messe toute sonnée a la grant église et que le son de la cloche soit de 
tout apaisi¢ et arresté.”%° 

The end of mass in church and the beginning of merchant business 

in the cities mark also the boundaries where timing had to be coordi- 

nated. While the temporal succession of the times for masses and mar- 

kets, council meetings and court sessions did matter, their precise tem- 

poral location did not. As a result, conflicts between various signalers 

were uniformly not conflicts over precise timing but conflicts over 

questions of status and rank. 

At the beginning of the fourteenth century there was surely no need 

in the cities for an additional bell signal, especially one which, for tech- 

nical reasons, could only strike an hour sequence known solely to the 

educated. The difficulties of readjustment were far greater than the — 

perhaps theoretically attractive — accommodation to the usage of the 

astronomers. A need could arise only after it had been realized that 

the new device offered possibilities of dealing with the great abun- 

dance of signals, in part by regulating them better, in part by reducing 

them. The reduction of the diversity of signals is far more difficult to 

trace than its increase. However, we can observe that, with the excep- 

tion of a brief boom of work bells at the end of the fourteenth century, 

hardly any new bells or bell names appear. From what point on a given 

bell rang in accordance with a clock is almost impossible to determine 

now, since this did not, or did not immediately, change the name of 

the bell or of the signal. The gradual dying out of certain ringing cus- 
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toms during the following centuries has left virtually no trace in the 

extant sources. 

Once again the post-Reformation visitation decrees and ecclesiasti- 

cal statutes reveal the extent to which bell signals, no matter what kind, 

had already become time signals, particularly in small towns and vil- 

lages. It soon turned out that the original plan of the reformers to 

simply get rid of most of the ecclesiastical ringing as being supersti- 

tious and of no consequence to the purposes of salvation could not 

be carried out. The reformers’ early claim that true Christians were 

indifferent to the time and the hours of the divine service proved to 

be an illusion with no connection to the real world.*” After only a few 

years the uncertainties in how to deal with ceremonial issues led to a 

veritable flood of regulations. Countless pertinent texts reveal that 

many of the long-familiar bell signals had become practically indis- 

pensable time signals. There was no other choice but to strip them 

of their magical components as much as possible and to explain their 

changed significance to the people. The lines of compromise were al- 

ready indicated in the instructions for the visitors in the Electorate of 

Saxony (1528): 

Many pastors are also quarreling with the parishioners over 

unnecessary and childish things, such as the ringing of pa- 

cem [1.e., ringing of the Angelus bell] and the like. In such 

things it is appropriate that the pastors, as the more reason- 

able parties, should yield to the people for the sake of pre- 

serving the peace, and instruct them, where such ringing had 

been used improperly, so that it now be used properly . . . 

(weather ringing may be kept as an admonition to prayer) 

... Thus in many places the pacem ringing has established it- 

self such that people know what time it is in the morning, 

also at what time in the evening they shall return from the 
fields to their homes. 

According to the ecclesiastical statutes for Wolfenbiittel (1564), as well, 
the signal should be reinterpreted: 

In popedom a certain striking of the bell is performed in the 
morning, at noon, and in the evening, by means of which 

the people are to be reminded to pray to the Virgin Mary. 
However, since the highly praised Virgin Mary does not 
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wish to have such an honor, which is due to God alone, and 

since this is also against the word of God, the people are to 

be instructed accordingly. The striking of the bell itself, how- 

ever, . . . can be kept to indicate to the people morning, mid- 

day, and evening hour, thus reminding and admonishing the 

people . . . to pray for communal peace and good gov- 
ernment.*® 

In Coburg the morning time Ave Maria and the evening time Salve 

ringing “with three strokes” should cease, “least we be considered pop- 

ish.” The signal, however, was purified. If the civic authorities so de- 

sired, one “stroke” could be rung in the morning as a sign of the begin- 

ning of work, and one in the evening to signal closing time.*? In 

the Calvinist Upper Palatinate, a report on the implementation of a 

mandate to remove the remnants of “anti-Christian popedom” in the 

countryside notes that the ringing of the communal fire bell was 

stopped in order to avoid giving the impression that Angelus was still 

being rung.*° 

The problem of reinterpreting traditional bell signals into simple 

time signals remains visible also in later efforts to reduce the number 

of feast days. As late as the early nineteenth century, in a Nuremberg 

proclamation on the abolition of feast days on April 1, 1805, the bell 

signal for the Hours and Vespers was stripped of its original liturgical 

character and, through simplification, stylized into a time signal: “At 

the same time. . . the customary ringing of the Hours as well as Ves- 

pers ... should be retained as a lengthy and, for those who live at a 

distance from the bell towers, convenient signal of the time of day, and 

should only be shortened.”*" 

Clock time signal and “clock hours” 

The new time signal meant over the long term that all regular signals 

rung on special bells and targeted at specific audiences were replaced 

by an abstract signal that could completely take over the customary 

signaling functions of these bells.** One only had to listen, count 

along, and know what should and should not be done at what hour. 

In the beginning, however, the first steps toward rationalization in all 

likelihood only added to the confusion of signals. Initial difficulties 

can be observed everywhere. It is frequently mentioned that the signal 
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was to be audible throughout the city. One way in which this could be 

accomplished was by installing a sufficiently large or loud bell at a cen- 

tral location. Another way was to strike the hour at several locations. 

The standardization of the urban space with regard to the clock time 

signal can often be traced directly from the topography of municipal 

clocks. Liineburg’s first public clock was installed in the fourteenth 

century in the centrally located tower of city hall. In the fifteenth cen- 

tury the four parish churches that were located somewhat further to- 

ward the periphery were each given a clock. The trading house, situ- 

ated at the edge of the city on the quay along the river, received its 

own clock in the sixteenth century.** 

Substituting an abstract signal for the many varied signals could be 

done by simply regulating the old bell signals by the new clocks, a 

process undetectable to us. However, in most instances the municipal 

clocks were, in various ways, given a privileged place within the system 

of signals. The times of council sessions, of market, or of work could 

be tied to the clock time signal instead of a bell signal. As we shall see, 

this was frequently done, and in many cases presumably with demon- 

strative intent. Another possibility was to single out the municipal 

clock as the decisive point of reference in cases of conflict. One ex- 

ample of this is the signaling compromise that was worked out in 1531 

in Mons between the abbey of Ste. Waudru, the parish church St. Ger- 

main, and the city. The abbey gave permission for a tower with bells 

at St. Germain. In return it forced through monetary demands and 

excruciatingly detailed regulations of the new municipal ringing. Ste. 

Waudru was allowed to police the number of bells at St. Germain, 

which were limited to eight. Among other things, St. Germain was 

permitted to ring morning mass at seven, and twice a year Nones 

around twelve o'clock. At all times the primacy of the ringing of Ste. 

Waudrau had to be maintained, and the bells of St. Germain must not 

disturb the sermons in the monastery. An addendum to the compro- 

mise (1535) determined that the masses in St. Germain could be rung 

only with three straightforward strokes, and that in all cases of conflict 
the ringing of the clock of the city of Mons should be the decisive 
point of reference.# 

If there were several clocks in a city, there was only one way in which 
the municipal clock could be given privileged status as the city’s time 
standard: either its signal or that of the other clocks had to be set off 
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at the “wrong time.” To this day the municipal clock in Lucerne 

possesses a prerogative “from ancient times”: it is one minute fast.*® 

Marperger’s Horolographia (1723) provides an explanation that is as 

simple as it is compelling: city clocks must ring in succession “lest they 

confuse those listening by their many strokes if they all ring at once.”#6 

The simultaneity of the new time signals, only a theoretical possibility, 

also ran in practical terms into the limits of the old signaling technol- 

ogy, that is to say, the bell strokes, which took time. 

There were other reasons, too, why the new, more abstract rhythm 

of urban life brought about by the clock proved to be somewhat re- 

mote from everyday life. The twenty-four hours of the full day could 

not simply displace the old division between day and night. To be sure, 

the chronicles of the cities proudly announced the installation of a 

clock that “struck the hours of the day and the night,” and in some 

cities the dials of the communal clocks were also illuminated at night 

by torches or lanterns. In other places, however, the continuous time 

signal was evidently seen not only as a useless disturbance but also a 

desecration of the night and was simply turned off. 

A chronicle of EBlingen reports the measures that were taken in the 

year 1519 to resist the siege of the city by Duke Ullrich von Wiirttem- 

berg. After the duke’s men had boasted that they would take the city 

“by morning soup,” the citizens of Eflingen, informed of this, wound 

up the “clocks at six in the evening and rang and chimed the entire 

night.”4” The records show that in Romans in the Dauphine, the com- 

munal clock started to chime also at night only in the year 1625.** At 

the end of the seventeenth century, Duke Ernst August made available 

to the small town of Arnum, “which had been waiting for many years 

with particular eagerness,” a renovated tower clock from the Marktkir- 

che in Hannover. He sent it along with the recommendation to keep 

it in operation at least during the day, “from eight o’clock to eight 

o’clock.”#? At many a place the modern division of the hours thus re- 

mained limited to daylight; for the time being the abstract full day had 

a difficult time prevailing against the old division of day and night. 
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The Ordering of Time: The Introduction 

of Modern Hour-Reckoning 

A legendary decree by Charles V of France 

Modern horological literature illustrates the transition from canonical 

Hours to modern hour-reckoning with a story that seems to fit very 

nicely at the end of the Middle Ages and the beginning of the modern 

age. According to this story, the new striking of the hours goes back 

at least in one instance to intervention by territorial authorities. King 

Charles V of France, we are told, installed striking clocks in his re- 

sidences at Vincennes and St. Pol and built the public clock at the 

Louvre. Subsequently he issued an ordinance requiring all churches in 

Paris to regulate their tolling by the clocks or, according to some ac- 

counts, by the clock at the royal palace, the Horloge du Palais. It is 

easy to see why this story could become so attractive. In it the elusive 

and only vaguely observable process of transition to modern hour- 

reckoning 1s condensed into a single event with a single actor. Once 

the event is out in the world it gives wings to the imagination of histo- 

rians. Carlo Cipolla believes the ordinance was issued because the king 

was afraid that the sound of the clocks could not be heard by everyone 

in town. P. Usher and J. Gimpel see in it a progressive contribution to 

laicization and modernization in the church towers, “a decisive step 

toward breaking the dominance of the liturgical practices of the 

Church.” David Landes recognizes it as the affirmation of the primacy 

of royal power. Jacques Le Goff and Krzysztof Pomian emphasize that 

the new, rational time “thus became the time of the state. The royal 
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reader of Aristotle had domesticated rationalized time.”! The early 

modern secular state put an end to traditional practices of the Church 

and, symbolically and practically, took the lead in the movement to- 

ward the rationalization of time. 

This story is undoubtedly well suited to illustrating the transition to 

modern forms of time-keeping and thus indirectly the change in time- 

consciousness. But did this richly symbolic event actually take place? 

To begin with, we note that none of our informants ever saw the 

ordinance among the royal decrees or those of the city, most of which 

were known. In her biography of Charles V, written in 1404, Christine 

de Pisan devotes many pages to the precisely regulated, and therefore 

virtuous, daily schedule of the king. She does not neglect to emphasize 

that the king used candles as time-keepers to divide his day into work 

and prayer, since clocks were not yet very common at the time.” Would 

she have failed to mention this ordinance in the catalogue of his ac- 

complishments? But we find no trace of it either in her work or the 

other biographers of the king. The last author who, to my knowledge, 

even mentioned a source for this story was Albert Franklin (1888). He 

was, at least, so well read in the contemporary Parisian sources that he 

noticed the apparent failure to observe this ordinance. He noted that 

the customary indications of the time of day remained in use for centu- 

ries to come; his explanation was that this “wise custom” simply 

passed into oblivion in the troubles following the death of Charles V.* 

The source Franklin mentions is a translation of Guillelmus Du- 

ranti’s commentary on the divine offices, Rationale divinorum officiorum 

(end of the thirteenth century). At the request of the king, Jean Golein 

had translated Aristotelian texts as well as classic liturgical works into 

French. The commentary on the offices, the translation of which was 

completed in 1372, deals with the various kinds and names of church 

bells, which include clock bells, and also gives model patterns of stroke 

sequences. Jean Golein amplified the text with commentaries that 

brought it up to date, and among them we find the — accurate — report 

about the public clocks of Charles V in Paris. However, a look at the 

manuscripts of the fourteenth century reveals that a variety of misun- 

derstandings also made their way into Golein’s additions.* The text 
contains early accounts of occurrences that can be attested also by 
other, independent sources: the installation of three striking clocks in 
Vincennes, St. Pol, and at the royal palace; Golein also reports the 
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hiring of expensive foreign experts. That we are dealing with the intro- 
duction of something genuinely new is in part explicitly stated (“pre- 
mier a Paris”), in part reflected in the still unsure terminology for pub- 

lic clocks (“cloches atrempées”). Problematic is the interpretation of 

the stroke of the bell: “par poins a maniere darloges.” Some authors 

have read from this that at least the Horloge du Palais also struck 

quarter-hours. Though this cannot be ruled out entirely, it is not inde- 

pendently attested anywhere for this prominent clock. In the old divi- 

sions of the hour, “punctum” is the fourth part of the “hora,” though 

at a time when “hora” did not yet mean equal hour. After the rise of the 

modern hours, the quarter remained an important subdivision, and 

clockworks 1n large cities at a later time often also struck quarter-hours, 
though as far as I can determine they were no longer called “puncta.”® 
The suspicion arises that the author and some of the copyists were 

familiar with the older literature but not with modern hour-reckoning. 
This suspicion is confirmed by the account of the hour-stroke suppos- 

edly decreed by the king. One stroke was tolled at Prime, we are told, 

two (or three) at Terce, and so on. Jean Golein and the copyists of 

the manuscripts did not hear this sequence in Paris at the end of the 

fourteenth century, but had read it in the text of Duranti as one pos- 

sible stroke-sequence for the canonical hours. The variations in the 

manuscripts show that such sequences were not obligatory and cer- 

tainly no longer customary. Contemporary Parisian time indications 

leave no doubt that in the city the hours were from the beginning 
numbered sequentially from midnight to midnight (“neuf, once, 

douze heures de Porloge du palais”). Something else that speaks 

against a royal ordinance about the hour-tolling of the church bells is 

also the fact that it would be without parallel in the European urban 

landscape. At least in France the Horloge du Palais was such a forma- 

tive and frequently copied model that one could surely expect that 

such an ordinance would have been adopted elsewhere. Moreover, 

whether the king even had legal authority over the church bells of Paris 

and their tolling or could have enforced it is also an open question.° 

The tolling of the bells by the clock and the use of modern hour- 

reckoning was nowhere decreed. Initially the urban hour-stroke took 

its place as an additional way of determining the time of day. It then 

prevailed in various spheres of urban life, sometimes quickly, some- 

times haltingly. It became obligatory only in connection with the codi- 



220 

CUBUAIP IMIS IR, IE ICC ELI 

fication of regulations concerning concrete problems. In fact, it be- 

came an established practice only where it proved useful. 

Chroniclers and notaries 

Contemporary chroniclers noted the installation of the first public 

clocks not only as technological accomplishments. Reports that “the 

public clock began to strike” are often quickly followed by the practical 

use of the new signal. Chroniclers attached modern hour indications 

to the births and deaths of high-ranking people, the arrival and depar- 

ture of important embassies, to storms, events of war, and executions. 

From the end of the thirteenth century we can observe with greater 

frequency the mention of the time of day, something which had still 

been rare in the High Middle Ages. With the appearance of the public 

clocks in the fourteenth century the number of such indications rises 

noticeably. Traditional forms of indicating the time of day (for ex- 

ample, “at sunrise,” “at time of Vespers”) were supplemented with, 

though not replaced by, modern forms (for example, “4 hours after 

midnight”). Specifying the time of day more precisely lent the reports 

a greater air of authenticity and created a dramatic effect through the 

listing of dense chains of events. 

The close connection between the appearance of public clocks at 

particular places and the use of modern hour indications in local 

chronicles has been observed particularly in Italy. This connection is 

striking; however, we must also bear in mind that many chronicles 

very quickly, sometimes after only a few pages, return to the use of 

conventional time indications or leave such indications out entirely 

over long stretches. This shows that while many chroniclers demon- 

stratively acknowledged the new device, there was neither interest in 

nor need for continuous and consistent indications of the time of day. 

Leaving aside astronomical and astrological calculations, modern 

hour indications are practically impossible without the use of public 

clocks. A modern hour indication is thus a sufficient piece of evidence 

for the existence of a clock in a particular locality. However, the reverse 

is not the case: the absence of modern hour indications is not evidence 

for the absence of mechanical clocks in general and of public clocks in 
particular. Gustav Bilfinger used the indications of time in the Chron- 
icles of Jean Froissart, which cover nearly the entire fourteenth cen- 
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51. Jean Froissart in his study. Min- 

iature from the so-called Breslauer 

Froissart, vol. IV, folio 1 (around 

1470). Berlin, Staatsbibliothek 

Preufischer Kulturbesitz. 

tury, to trace the appearance of the new hour indications. The first 

published part of the work deals with events up to the year 1377 and 

contains only traditional indications of the time of day. The second 

part describes events in Flanders and Paris between the years 1377 and 

1386. Here modern hour indications appear first with the events of 

379-1380 and thereafter with greater frequency.” Froissart thus 

changed his style of dating and timing events quite precisely during 

the period of a wave of acquisitions I described earlier, in this way 

confirming our statistical observations. In the account of the events in 

Spain and Portugal (1382-1386), about which Froissart informed him- 

self at the court of the Count of Foix, modern hour indications appear 

only for the court of Foxx itself. Bilfinger concluded from this that no 

striking clocks, or only very few, existed in Spain at this time. How- 

ever, the sources that have been published since Bilfinger’s time show 

that this conclusion was wrong, that the Count of Foix in fact had 

clocks and instruments sent to him from the kingdom of Aragon. This 

example, too, reveals that while contemporary chronicles reacted 

quickly to the new innovation at certain points, these reactions are 

noticeably scattered and not stable, that is to say, they disappear again. 
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Neither in the fourteenth nor in the fifteenth century did they lead to 

permanent changes in the customary ways of timing events in the 

chronicles. 

In the year 1395 a notary recorded the following: “on the nineteenth 

day of the month which is called September in Latin, at the hour when 

the clock (“orglogg”) struck five hours after midday.” With these mod- 

ern, though apparently still unaccustomed, indications of the calendar 

day and the time of day, Ulrich von Petershausen, scribe and notary 

in Eflingen, met his own exacting requirements for dating a notarial 

document drawn up by his hand. This date contains the oldest extant 

reference to a public clock in Efstingen. “Five in the afternoon” was 

evidently not yet a usual hour indication. The explicit reference to the 

“orglogg” was meant to rule out any confusion with “hora quinta,” 

which could also be understood as an unequal hour.’ Preventing con- 

fusion was also the purpose of the dating of a notarial document from 

Cologne: March 2, 1424, “about the ninth hour in the morning ac- 

cording to the stroke of the clock of the Cologne cathedral.”’ In the 

Late Middle Ages, the canonical None, originally an afternoon hour, 

could have designated at most the midday point. The indication “ninth 

hour of the morning” would thus have sufficed to characterize the 

hour indication as clock time. At the beginning of the fifteenth century 

it was also not necessary for the cleric and notary Johann von Frelen- 

berg to point to the existence of a clock in the cathedral. He dated his 

document this way, first, to avoid any confusion with another clock- 

time signal, for example, that of the Cologne town hall, and, second, 

to make clear (probably unconsciously) that the cathedral (or the 

cathedral precinct) with its bells was not only the legal but also the 

temporal framework of reference for his notarial documents. The qual- 

ifier “about” (“vel quasi”) that is attached to the hour indication 

shows, in any case, that the notary was not solely concerned with speci- 
fying the time with greater precision. 

The dating of notarial instruments, which was strictly regulated in 
formal terms, and all the other dating of charters on the notarial model 
are a rich field of investigation for the question concerning the direc- 
tion, speed, and depth of the diffusion of modern hour-reckoning over 
longer periods of time. Notarial instruments (“instrumenta publica”) 
are verifications of legal acts drawn up by authorized notaries (“nota- 
rius publicus”/“tabellio”). The adherence to certain legal and formal 
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requirements established the evidentiary force of the instrument “in 
and of itself and against all challenges.” No matter whether witnesses 
were still alive, seals broken, or challenges mounted by third parties — 
until it was proved otherwise, the notarized legal act remained valid 

for ecclesiastical and secular courts. Notarial deeds thus became, in the 

Late Middle Ages, fully valid and widely used evidence that increas- 
ingly displaced sealed documents.'° 

As an office and an instrument of authentication, the public notari- 

ate was an institution with origins in Roman law; it was revived in 

the eleventh and twelfth century and developed further. By way of the 

learned ecclesiastical courts and the law students at the Italian universi- 

ties it spread throughout Europe after the thirteenth century and be- 

came an important medium for the reception of Roman law in central 

and northern Europe.'! From the thirteenth century on notaries and 

notarial instruments are found in nearly all European cities. The nota- 

riate had considerable importance above all in the region of the “writ- 

ten law,” that is to say, outside of Italy in Spain, southern France, Bo- 

hemia, Silesia, western Switzerland, Tyrol, and the southern German 

cities. In these areas, in particular, many thousands of notarial docu- 

ments and protocols have survived.!* 

The formalities required for the recognition of the validity of notar- 

ial instruments included —in addition to the invocation formula (ap- 

peal to God), the full name of the witness, the signature of the notary, 

his unmistakable sign (signet), and the precise location— the detailed 

date consisting of several parts. The date could be placed at the begin- 

ning of the document (in the protocol) or at the end (in the eschato- 

col). To make it forgery-proof, it should be given in letters instead 

of numbers. The date naturally included the indication of the year. 

Roman legal tradition demanded the naming of the regnal year of 

the emperor, the consular year, and the indiction (cycle of Roman tax 

years). Already in the twelfth century the Roman imperial years were 

replaced by the indication of the year since the birth of Christ (incarna- 

tion year), supplemented, however, by the pontifical year of the cur- 

rent pope. In the Late Middle Ages the indication of the year was often 

joined by the regnal year of the emperor, which replaced the pontifical 

year in the fifteenth century. The name of the month was to be fol- 

lowed by the day, which was frequently indicated in dual fashion after 

the Christian festal calendar and the consecutive counting of the days. 
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In the fifteenth century, the latter largely replaced the counting of the 

days according to the Roman calendar (Calends, Nones, Ides). Some 

notaries also gave the day of the week. 

Beginning in the thirteenth century we find, at first only in Italian 

notarial dates, a new element foreign to the tradition of Roman law: 

the indication of the time of day.!* It is given according to the unequal 

hours (“hora sexta, h. nona”), the canonical offices and services (“hora 

primarum, hora in qua missa . . . celebratur”), or the corresponding 

ringing (“pulsante ad vesperas”). Next to ecclesiastical times, natural 

and civic division of the day were also used (“hora crepusculi, hora 

prandii, umb mittag zyte”). In use at the curia in Rome and Avignon 

were, in addition, indications of the time of day according to the 

rhythm of the bureaucracy.'* Such indications specify the time of a 
particular legal act (“actum”); they do not concern the drafting of the 

document itself (“datum”). The formulas used therein (“inter terciam 

et nonam,” “hora tercia vel quasi,” “circa hora terciam,” “umb mittag 

zyte oder noch doby”) show that it is not a point in time that is being 

specified but a brief period of time in proximity to a signal. There was 

neither a need for more precise indications nor feasible technical means 

for them. Already by the middle of the thirteenth century, indications 

of the time of day in notarial dates were regarded at least as customary. 

The “Mirror of Government” by Orfinus Laudensis expects the au- 

thorities to possess the requisite chronological competence for draw- 

ing up “acta” and “pacta.”!6 

That these new, additional elements in dating originated in Italy is 

undisputed; the only open question is their provenance.!° Some schol- 

ars have traced them back to the customs of papal notaries.!7 This can- 

not be entirely ruled out. However, my own observations, based on 

the earliest evidence, suggests that they were rather an innovation of 

municipal notaries; what motivated them can be no more than con- 
jecture. 

Even the works on the “artes notariae” do not clearly reveal whether 

and since when the indication of the hour of the day was obligatory. 
Salatiel (around 1250) does not yet mention it. Baldus de Ubalids, in 
the second half of the fourteenth century, declares that it is not essen- 
tial for the validity of a notarial instrument.!8 It was, however, recom- 
mended for special cases, such as authentications at nighttime (permit- 
ted only under particular circumstances), since the day period from 

” 9 
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midnight to midnight was customary among lawyers. To be sure, the 
Reichsnotariatsordnung (Imperial Statutes on Notaries) of 1512 men- 
tions among the formal requirements “the year of our salvation, the 

Roman tax year, . . . the name of the highest prince; then the month, 

the day, the hour.”!? A few books of notarial formulas adhered to these 

requirements. Others, however, declared that they were not essential, 

though they recommended their use in order to avoid possible con- 

flicts concerning the sequence or temporal precedence of relevant legal 

procedures.*? The cautious and careful notary should use them. The 

sequence of the time indications in the files of the above-mentioned 
notary from Cologne also shows that he sought to protect himself 

against conflicts over temporal precedence by listing the order of the 

petitions of appeal by day and hour. However, it is rarely reported that 

precedence as to the time of day did in fact lead to legal conflicts.?! 

The records of the episcopal consistory in Prague are among the 

few large, published collections of notarial documents from the Late 

Middle Ages. The edition contains over 5,000 dated pieces for the pe- 

riod between 1373 and 1406. The results of a survey of the indications 

of the time of day are as follows: between 1373 and 1381, the time of 

day — usually “hora quasi tercia” — is given with considerable regular- 

ity. The first unequivocally modern hour indication in the Italian- 

Bohemian form appears in 1381 explicitly as an indication of clock time: 

“hora quasi XX orlogii.” In the subsequent years, however, all indica- 

tions of the time of day become more rare again. Scattered clock-time 

indications are found in 1383, 1386, and 1396. In the years 1406-1407 

there is a noticeable cluster of about a dozen modern time indications 

in approximately 1,800 documents.” It would appear that indications 

of the time of day were important to notaries and scribes only periodi- 

cally; their use may also have depended on personal predilections and 

habits. We can also see how slow and scattered the use of modern 

hour-reckoning still was decades later. Finally, it is noticeable that 

clock-time indications appear at times when the public time signal in 

Prague must have been the talk of the town. The first report of a clock 

at the Altstadter City Hall comes precisely from the year 1381, and in 

the years prior to 1410 Nikolaus von Kaaden renovated and rebuilt the 

clock at city hall.*° 
A select series of Genoese notarial protocols from the period be- 

tween 1400 and 1440 likewise shows, without any visible connection 
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to the public clocks in Genoa, how halting and scattered the reception 

of the new hour-reckoning was. After 1416 it was occasionally used, 

though the same notaries employed old and new ways of counting the 

hours side by side. But at least we learn from this source that clocks 

were also on the ships used by the defenders of Constantinople in their 

flight before the advancing Ottomans.* In Silesian notarial docu- 

ments, modern time indications did not appear until late— around 

1400—and remained quite scattered during the fifteenth century; in 

many other collections of documents and deeds they don’t appear at 

all.2> The possibilities of dating important occurrences more precisely 

were used only occasionally; the possibility of establishing a more ab- 

stract system of reference for the time of day was not used at all. Dur- 

ing at least the first two centuries of public clocks, these possibilities 

went far beyond what the chroniclers and notaries needed and were 

interested in. 

“Assisi, in the year 1525, January 15, in the morning at dawn, at the 

fourteenth hour in church according to the signal of the bells that are 

rung at the beginning of day”:?¢ this time indication from the begin- 

ning of the sixteenth century clearly bears out that abstract hour indi- 

cations were only one possibility which had taken its place alongside 

the observation of natural passages of time and the orientation ac- 

cording to the civic and ecclesiastical tolling; it had not replaced them. 

“Merchants time”? 

As we have seen, when it came to the procurement of public clocks, 

merchants and traders did not stand out as a distinct group from the 

larger political community. Moreover, the preeminent mercantile cen- 

ters of the fourteenth century did not play a prominent role for the 

overall statistical picture of the course of diffusion. These findings still 

leave intact Jacques Le Goff’s theses that the development of commer- 

cial networks and the spread of money created the need for more accu- 
rately measured time, and that commercial documents in the narrower 
sense of the word—accounts, travel diaries, manuals of commercial 
practice, and letters of exchange — imparted a growing importance to 
“measured time.” Now, the importance of temporal factors when it 
comes to trade and commerce, interest and credit, storage and trans- 
port, speculation and insurance, is so obvious that we could confine 
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ourselves to the observation that “measured time” is an expression that 
can be easily misunderstood, since today such time is always under- 
stood to be technically measured time, that is clock-time. Still, the 

question remains open whether merchants or commercial practice 

made special use of the new timekeeping devices and/or their product, 

the new hour-reckoning, for their own purposes. We should remem- 

ber that Jacques Le Goff did not intend his reflections to be a final 
statement, but a stimulus for more thorough studies.?7 

Commercial records, and in particular the so-called manuals of com- 

mercial practice, have by no means been neglected by scholars during 

the last decades. Vittore Brance, editor of important texts in the genre 

of the “ricordi” left behind by the “mercanti scrittori,” believes he has 

found confirmation for Le Goff’s theses: in one introduction he notes 

that these “children of Mercury” grew accustomed to timekeeping 

through their hourly recording of their activities, thus helping this 

new, measured time to achieve a breakthrough.?* However, if one 

reads the texts themselves, one notes that while the texts written by 

merchants, traders, and entrepreneurs contain modern time indica- 

tions in many passages and at a relatively early date, in no case does the 

use of “measured time” have anything at all to do with the commercial 

practices of these people. Another early specimen of this genre are the 

records of the Nuremberg patrician Ulman Stromer. Beginning with 

the year 1374, the account of his ancestors and his family (which was 

composed between 1360 and 1407) notes the time of birth of his chil- 

dren and grandchildren in the Nuremberg form of hour-reckoning; 

incidentally, this is the earliest attestation of this method.” The politi- 

cally influential Florentine cloth merchant Giovanni di Pagolo Morelli 

kept “ricordi” between 1393 and 1411. Beginning in 136s, he recorded 

births in his family with the time of day in the modern form. Occasion- 

ally he also indicated the ringing of city churches (e.g., 1377 Nov. 27: 

“e fu il mercoledi notte, vegniente il giovedi, a ore otto e mezzo, presso 

alla squilla di Santa Croce”), or he gives the time of day both in the 

modern form as well as in accordance with the canonical hours (e.g., 

1404 July 20: “sonate di poco le sedici ore, cio fu al tocco di nona, 

nacque ... un fanciullo maschio”).*° His contemporary and fellow 

Florentine Lapo di Niccolini de’ Sirigatti did much the same. In his 

“ricordanze” (1397-1427), a sort of counterpiece to his commercial 

books proper, he recorded, apart from his most important commercial 
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contracts, also births, marriages, deaths, and testaments in his family. 

Beginning with the year 1386, these records give the time of day in the 

modern form, particularly for births, occasionally for deaths, and in 

one instance for a wedding.*! The actual commercial books them- 

selves, as far as one can judge from the published texts, do not contain 

any time indications according to “measured time.” 

In their private records, the merchants were following a maxim 

which Leon Battista Alberti soon after elevated to the norm. In his 

tract I Libri Della Famiglia (1434), he discussed the economical use of 

time, the technique of assigning a given time to many tasks, the nightly 

accounting of how time was used, and the duties of every father to 

conscientiously register family events: “as soon as the child is born one 

should note in the family records and secret books the hour, the day, 

the month, and the year as well as the place of birth. These records 

should be kept with our dearest treasures. There are many reasons for 

doing this, but, all else aside, it shows the conscientiousness of a father. 

If it shows a kind of conscientiousness for a man to keep careful note 

of the day and the agent from whom he bought an ass, 1s it less right 

to make note on the day on which you became a father, when a brother 

to your children was born? Occasions may arise when you will want 

this information.”*? 

When it comes to the reasons for such records, Alberti is obviously 

deliberately vague (“many reasons,” “many cases”). What he means, 

however, is clear: the private chronicle with hour indications is morally 

valuable; moreover it is also legally necessary, for example, in conflicts 

over inheritance. 

In addition to these texts, modern time indications are found at the 

end of the fourteenth century also in merchants’ records that are more 

personal and more autobiographical in nature. The voluminous corre- 

spondence of Francesco di Marco Danti, an international merchant 

from Prato near Florence, contains letters to his wife which he occa- 

sionally signed with “In haste” (“in fretta”); he presents hirnself as a 

man hurrying from one appointment to the next, for example: “to- 
night, in the twenty-third hour, I was called to the collegi.” He lets his 
associates know that he hasn’t slept more than four hours a night in 
years, and on occasion he comes up with truly modern ways of describ- 
ing the feeling of constant time pressure: “I don’t have any time, it is 
the twenty-first hour and I have had nothing to eat or drink.”33 



gaat RARE ANE NNN 

52. Astrologer with astrolabe and striking clock, from the Chants royaux sur 
la conception (1519-28). Paris, Bibliotheque Nationale. 
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With the beginning of the fifteenth century, new elements appear in 

the time indications of some merchants, elements Alberti may have 

also had in mind but did not explicitly mention. Bonaccorso Pitti, an- 

other of the great Florentine merchants, had been writing his “ricordi” 

since the year 1412. Modern hour indications are found in historical 

and chronistic observations for the period after 1378, and in familial 

events after 1408, whereby the indications of the time of day are ac- 

companied by relevant astrological specifications.** At the beginning 

of the sixteenth century we read something very similar in the diaries 

of the Augsburg citizen Lucas Rem: “Berchthold, my son, was born 

Monday, January 11, 1529, in the afternoon a quarter past two . . . One 

day earlier the new moon had been in Aries at 9 o’clock 2 minutes . . . 

He died on October 14, 1530, in the evening around 9 o’clock. The day 

before the moon’s last quarter stood at 2 o’clock 44 minutes in the 

afternoon, 12 in Leo, the sun in Scorpio.” Rem’s records of births 

and the fate that befell family members contain, alongside indications 

of civic clock-time, very precise astrological time indications. However, 

the so-called age of the moon and the position of the planets in rela- 

tion to the zodiac were at that time not data gathered by measurement 

or observation; instead they were calculated time indications whose 

precision was feigned. To be sure, the growing interest in astrology 

did stimulate an interest in clocks with astronomical indications, but 

such interests were neither typical of nor limited to merchants or city 

dwellers. 

Insofar as it is understood as time measured by clocks, “merchant’s 

time” turns out to be a misunderstanding in the more recent historical 

literature. However, this by no means solves the problem of “mer- 

chant’s time” as a formulaic expression for a special consciousness of 

the temporal aspects of the movement of goods and capital. Indepen- 

dent of the history of “measured time” we still need to ask whether, 

and if so how, the temporal aspects of commercial activity and com- 

mercial rationality came to consciousness in the Late Middle Ages, and 
whether it is not likely, therefore, that in the group of those most 
affected by this, “time” became a topic of special interest. A beginning 
has been made by F. C. Lane with his study of the “timetables” of the 
Venetian galleys and the speculative transactions connected with them, 
and by U. Tucci with his examination of commercial-speculative model 
calculations involving harvest dates, available stocks, transportation 
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prospects, and local prices and interest rates.*° Despite many references 
to relevant sources, these aspects of “merchant’s time” have still been 
too little studied.*” Merchants as participants in urban markets, as 
entrepreneurs, and as employers will be discussed later. 

“Resistance from the church”? 

The counterposing of the catchphrases “Church’s time”—“merchant’s 

time” imparts a graphic and seductive drama to the historiography of 

the Late Middle Ages. Once one has identified progressive, moderniz- 

ing factors, their contribution to the rationalization process can be 

highlighted much better if one can also identify the forces of resistance 

and adherence to the status quo. We have earlier rejected the notion 

that the churches and monasteries resisted the installation of public 

striking clocks and thus opposed the adoption of a technological inno- 

vation. To be sure, as spiritual institutions they rarely took the initia- 

tive, but they were frequently cooperative when it came to such proj- 

ects. What about the claim, then, that churches and monasteries were 

not interested in the social innovation?** Did they hesitate or did they 

Oppose progress? 

It is true that churches and monasteries, on the basis of the needs of 

their internal operations, had no compelling reasons to adopt striking 

clocks and modern hour-reckoning. It is false, however, to say that 

they were “late” in deciding to go along with this innovation. How 

did this misunderstanding come about? Bilfinger had taken from 

J. Martene’s commentary on the Rule of St. Benedict the notion that 

the Cistercians, for example, had retained the medieval Hours until 

the year 1429.°° However, the statutes of the General Chapter of the 

order in the year 1429 do not contain any such regulations. Instead, 

because of complaints about late ringing and rising for the morning 

offices in many monasteries, it was ordered that in the future morning 

offices should be rung at the second hour of the day after midnight on 

weekdays, and at the first hour after midnight on feast days.*? The 

decrees merely specify the always controversial beginning of nightly 

offices with the help of modern hours, which of course presuppose the 

use of mechanical clocks. This decision was only one of many compa- 

rable efforts at achieving greater precision and was by no means an 

early case, let alone the first of its kind. 
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Because of their distance from the classical rules of the Middle Ages, 

texts of liturgical practice from the fourteenth and fifteenth centuries 

have been rarely published. But even a brief list of random examples 

conveys a clear picture concerning the historical development and its 

geographical framework. In 1379 the statutes of the monastery cum 

theological college of St. Martial in Avignon, home to monks and stu- 

dents, fixed the beginning of the offices according to modern hour- 

reckoning. The fourteenth-century revision of the regulations for ring- 

ing the bells at the cathedral in Milan organized the ringing for mass, 

the tolling of the Angelus bell, and the ringing for Vespers according 

to the modern hours. At least for the Vespers bell this had already 

been done in Bamberg prior to 1380. Not only was the liturgy for the 

cathedral in Colmar (1404) regulated by the cathedral clock, details 

were even arranged by the half hour and the quarter hour. The innova- 

tion also gained quick admission into monasteries and outside of the 

urban environment. The statutes of the Abbey of St. Mary in York, 

revised prior to 1404, arranged not only waking time but the entire 

monastic daily routine explicitly by the hours of the clock.*! 

Thus churches and monasteries, no differently than secular institu- 

tions, did not hesitate in introducing and making practical use of the 

new technology as soon as it was available. It might even be possible 

that at least in some places churches had a kind of pioneering role and 

furnished their urban environment with time signals as long as the 

latter did not have a clock. 

Given that the mechanical escapement had presumably developed 

in conjunction with mechanical bell works, and that large astronomical 

clocks and carillons had been built primarily for churches in the first 

half of the fourteenth century, there is no reason why ecclesiastical in- 

stitutions should now have opposed striking clocks and the new hour- 

reckoning or obstructed their introduction. 

The change of the temporal order in the cities 

The change in time consciousness that was brought on by the intro- 

duction of clocks in the European cities from the end of the fourteenth 
century was a complex process. We can trace it through various details 
that are inconspicuous at first and whose interconnectedness becomes 
visible only in retrospect. As far as we can tell, contemporaries were 
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rarely aware of the largely anonymous process of change in time- 
consciousness. One of the rare examples is the observation by the 
English Black Friar at the beginning of the fifteenth century that in 
towns and cities men ruled themselves by the clock. 

How city-dwellers came to rule themselves by the clock can hardly 

be traced directly via changes in everyday conduct. Only innovations 

in everyday speech reveal the ubiquitous presence of the clock in the 

urban sphere since the end of the fourteenth and the beginning of the 

fifteenth century, at the latest. A short language primer for Englishmen 

traveling to France includes, for example, a model dialogue for polite 

questions, such as “What has the clock struck? What time is it?” and 

so on.** However, the reason why it was possible to speak of the rule 

of the clock at the beginning of the fifteenth century cannot be traced 

by fortuitous linguistic evidence, but only through changes in the ur- 

ban ordering of time itself: Here the term “ordering of time” (German 

“Zeitordnung”) does not describe a kind of chronology, as it did in the 

seventeenth and eighteenth centuries;** rather it refers to the totality of 

time-ordering rules and specifically to the temporal order of everyday 

life in the city. 

In the following attempt at reconstructing typical specimens of these 

kinds of temporal orders, the only distinction I have made is between 

weekdays and feast days. Not considered is the temporal patterning 

of the week, which means, for example, that all regulations that were 

applicable on only two weekdays were treated like everyday regula- 

tions. I have also ignored the festal calendar with its considerable local 

variations, the rhythm of the markets and fairs, as well as all other 

seasonal elements. 
Our sources, particularly for the fourteenth century, are municipal 

statutes of every kind, which have survived in large numbers. The fre- 

quent recodifications and redactions make it possible to follow innova- 

tions in the organization of time over longer periods. From the fif- 

teenth century on, the extant statutes can be supplemented by the no 

less numerous school statutes, ecclesiastical statutes, territorial admin- 

istrative statutes, and territorial laws. In regard to questions of time 

organization, these later groups of sources differ from communal stat- 

utes only in that their range of applicability was either larger or smaller. 

I will use the relatively rich sources from Cologne to illustrate the 

chronology of the advance of new kinds of rules and the areas into 
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53. Sundial on the house of the 

coppersmith. Diebold  Schilling’s 
Luzerner Chrontk (1513). 

which they penetrated during the period of about a single human 

lifespan.*° 
We first encounter modern hour-reckoning in Cologne in 1374 as 

the stipulation of a time limit. A work statute for day laborers and 

workmen fixed the beginning and the end of the work day by the first 

bell signal for Prime and the last signal for Compline “at the four mo- 

nastic orders.” However, the break during the day was to be “one hour 

(“ure”) long and no longer.”*” Sometime after 1371, but before 1397, 

the end of working time for belt makers was set at ten o’clock in the 

evening. After 1385 the meeting of the lords of the register of city asses- 

sors was to begin at one o’clock; a little later the time for the session 

of the court of assessors was fixed at eleven o’clock. Until 1375 both 

times still took their cues from the masses in the Marspforten chapel, 

the church of St. Lorenz, and the convent of Mariengraden. In fact, 

during the summer the beginning of the session of the court of asses- 

sors was set by one of the sundials so common in the Middle Ages but 

rarely documented in daily use: “before the sun comes to the hole in 

the stone.”*8 In 1385 a decree of the council also regulated the sale of 

Rhine salmon on the fish market. In the summer the selling was not 

to begin before six in the morning, in the winter not before eight; 

wholesalers could be served only on Fridays after ten. After 1391, for- 

eigners who came into the city with safe conduct should no longer be 
on the streets after nine o’clock (in winter after eight). Beginning in 
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1398 the same times applied to armed people. General curfew regula- 

tions after 1398 stipulated that “no priest, no student, no layman, no 

woman, and no man” should be on the streets after eleven o’clock. 

In the wake of the successful uprising of the merchant companies, 

working times for the various artisanal crafts were newly regulated in 

1397 1n a large number of “Amtsbriefe” (official letters). The new time 

regulations — usually introduced without any explanation — were uni- 

formly restrictive in nature, that is to say, they determined, for reasons 

of competition and quality safeguards, the maximum amount of work- 

ing time permitted. Added to this were restrictions for activities that 

were noisy and posed a fire hazard. Weavers of fustian, armorers, and 

pursemakers could not begin before five in the morning and could 

work at the very most until nine in the evening. Coppersmiths and 

needlemakers had to stop at eight o’clock. Joiners (chestmakers) were 

allowed to work from four until eight, felt hat makers from four until 

ten. The shortest permitted work time belonged to the smiths. 

Though they could start at eight o’clock in the morning, they had to 

cease working as early as five. The work time of belt makers was also 

newly regulated. The beginning and end of work was to be determined 

by the “broad and fair daylight.” Only during winter could work con- 

tinue by candlelight until nine. In the fifteenth century, the beginning 

of work was then set at six o'clock. On Saturdays and on evenings 

preceding high holidays, belt makers had to stop at four, needlemakers 

and smiths in the winter at four, in the summer at six and seven, re- 

spectively. Tailors who worked past eight o’clock on evenings preced- 

ing feast days had to pay penance of one pound of wax. 

To be sure, not all of the work regulations in Cologne were switched 

to clocktime during these years. The “Amtsbriefe” of the yarn spinners 

and pewterers delineated their work time by the cathedral mass in the 

morning and the evening bell at night. However, one phrasing in the 

“Amtsbriefe” of the needlemakers (“vur doimmetten of vur vuoif 

uren”) shows that this mass was celebrated at around five in the morn- 

ing. During the same period the soaking of dyer’s woad for blue-dying 

was prohibited before ten in the morning on certain days. Buying and 

selling on the woad market was permitted only after “nine o’clock has 

been struck.” In 1380 a clock-bell had been obtained for the tower of 

the Carmelite church. According to similar regulations from the first 

half of the fourteenth century, the woad market commenced after 
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Prime mass in this church. Then, in the year 1401, the granting of 

permits for serving wine was scheduled for twelve o’clock. Beginning 

in 14.06, all eveningtime carousals and gaming had to end by eleven at 

night. Shortly thereafter the opening of the coal market was set for 

seven o’clock, and the period when wine sellers could offer their prod- 

uct was also given fixed parameters. 

Major areas in which changes took place were, apart from regula- 

tions concerning administrative policy, civic council and court ses- 

sions, markets and retail shops, and working times. And these contin- 

ued to be the main areas during the following decades, which saw a 

growing number of diurnal time regulations. 

A preliminary technical remark is in order before we continue our 

discussion: with regard to the organization of time, clocks can be used 

in social temporal orders as aids for greater precision or improved co- 

ordination. As time-measuring devices, moreover, they can also serve 

a variety of control purposes. Precision is attained if certain events, 

whose previous temporal determination was vague Or nonexistent, are 

fixed on a temporal axis, in our case the twenty-four hour day. How- 

ever, precision can also be attained by fixing the maximum or muini- 

mum period of time for certain proceedings. Though this setting of 

time limits presupposes abstract times that are always of equal length, 

it does not necessarily presuppose that these proceedings are fixed on 

the axis of the time of day. And while the continuous operation of 

clocks makes it possible to set hour limits also by two clock-time indi- 

cations, the typical device for setting time-limits was the sandglass. 

Assembly time and assembly discipline 

Beginning in the fourteenth century, regulations for council and court 

sessions were passed in European cities. They yield numerous clues 

that the expansion of jurisdiction and the multiplication of tasks did 

more than strengthen municipal autonomy and civic self-confidence. 
The new rights and new financial possibilities also gave rise to a host 
of obligations and responsibilities. Tasks that municipal governments 
strove to acquire or that were forced upon them — in the areas of town 
planning and the construction of fortifications, provisioning and waste 
disposal, armament and public health, and schools and universities — 
necessitated the rapid development of municipal administrations even 
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in relatively small cities. In part this development could be managed 
with the help of professional people, that is to say, by hiring lawyers 
and clerks. However, to a considerable and decisive extent it placed 
demands on the citizens themselves. In particular the important com- 

mittees of the council, the guilds, and the courts, because of their polit- 

ical constitution, depended on the cooperation of laypeople from the 

town’s citizenry. Merchants and artisans no doubt aspired to these 

honorary posts during the early phases of their establishment. In many 

cases the new powers had just recently been wrested from the old rul- 

ing elites, sometimes in bloody struggles. In the fourteenth century 

these processes had still not come to an end in other cities. During the 

same time, however, we can see in many cities that the committees, 

largely stafted by laypeople, had also become a burden. The primary 

reason for this was that they demanded too much in terms of time and 

discipline from people who had to earn their living outside of their 

activities on the committees.*? 

Bringing together contending parties and judges in a court naturally 

presupposed a court date. That such dates also guaranteed the public 

nature of the proceedings, and thus the legitimacy of the judgment, 1s 

well known and does not need to be discussed again. In many in- 

stances old legal custom demanded that court proceedings and judg- 

ment in any one court could not exceed the space of one daylight pe- 

riod. In late medieval cities, however, court days were no longer the 

exception. Messengers bearing summons arrived with increasing fre- 

quency at the doors of the lay judges and assessors to remind them of 

their sworn duty of attendance. In the council committees, the num- 

ber of “ongoing” decisions grew steadily: messengers and envoys had 

to be heard, answers deliberated, letters drafted, communal officials 

hired, levies and their distribution agreed upon, complaints heard. The 

administrative apparatus itself, and in particular the financial book- 

keeping, had to be supervised. “Taking counsel” consumed more and 

more time. 
In order to manage the growing flood of deliberative and decision- 

making processes, on the one hand, and to ensure the openness and 

accessibility of communal committees and offices, on the other, the 

times for their meetings were regularized. Regardless of the workload, 

committees were to meet regularly on certain weekdays. The times of 

the day were fixed such that not the entire period of daylight but pre- 
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cisely delineated segments became meeting times. The statutes of the 

Chatellanie in Bruges from the last years of the twelfth century show 

that the origins of such specifications lay in the judicial system: pleas 

were to be presented until noon, objections until Vespers.°° 

In Paris, an ordinance of parliament from the year 1320 regulated 

the meeting of clerics, laypeople, and notaries by the ringing of the 

bells of the royal chapel for the first mass. Until those bells rang at 

midday, members could leave the session only to answer the call of 

Mature. 

In Ivrea, the podesta was to be in session on court days from mass 

until Terce and from None until Prime (1329).5? Around 1330, the 

judges in Piacenza were admonished to adhere to the customary hours, 

and the gates of the palace of the podesta were to remain open from 

morning (or the “hour of the bells”) until Terce, and from None un- 

til Vespers.°? 

The court of the brotherhood of woad merchants in Cologne sat on 

court days from the mass at St. George’s until the mass at St. Jacob’s. 

The mayoral court in Zurich was delimited in 1324 by early mass, the 

council bell, and a high mass, but only if the workload required it: 

“(beginning of the court) when mass has been sung at the Wasser- 

kirche, and then after the council bell has been rung for all colleagues, 

and the court shall be in session in name until high mass has been sung 

(in the Minster), if there 1s much for the court to decide.” In a revised 

version of this statute from the year 1332, the beginning of the session 

was now signaled only by the council bell; the end continued to coin- 

cide with high mass or with the civic time of midday meal: “until high 

mass has been sung or until the customary time for eating in Zurich.”>+ 

Indications of clock-time appear occasionally among hundreds of 

comparable fixations of meeting times at the end of the fourteenth 

century and with growing frequency in the fifteenth century. The re- 

vised version of the court statutes promulgated for the Chatelet by 

Hugues Aubriot, provost of Paris from 1367 to 1386, stipulated, follow- 

ing complaints about the disorderly administration and the delay of 

cases, that the “auditeurs” had to appear “a neuf heures de Porloge du 

palais ou environ.” The cases should be settled quickly and efficiently. 

In the winter the auditeurs had to remain in their seats until twelve 
o'clock; in the summer they should take their seats at eight o’clock and 
remain there until eleven. Moreover, the “audience du grefte” would 
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henceforth be called “at the eleventh clock-hour and no later.”** The 
meeting times of a judicial council in Metz were, in 1393, also timed 
to begin, depending on the season, at seven, eight, or nine “hour dou 
reloge.”°° Evidently in both cases the clock, acquired only a few years 

earlier, was to be demonstratively singled out as the new temporal sys- 

tem of reference. And at least in the first case the progress in attaining 

greater precision seems to have been considerable: one or two genera- 

tions earlier one could still read in a “reglement” for the Chatelet that 

the advocates had to appear “after sunrise or within the space of time 

thereafter not to exceed a short mass” (1327).°7 

From then on we can trace the specifying of traditional natural and 

experiential time indications with the help of clock-time over the 

course of several centuries. The reformation of the “court of appeal 

(Cammer-Gericht) at Cologne on the Spree” stipulated in the year 

1540 that the parties summoned “for early daytime” should henceforth 

appear at six in the summer and at seven in the winter. A summons for 

the “correct day-time” should thus be understood to mean “at twelve 

o'clock.” Similar statutes from the years 1621 and 1658 renewed these 

clock-time specifications, but in keeping with a general development 

it moved them to a later time in the day: to eight o’clock in the morn- 

ing and two o’clock in the afternoon.** 

What appears in retrospect as a long-term development toward 

greater temporal precision amounted within the purview of contem- 

porary experience above all to many steps of abstraction. The abstrac- 

tion was away from the natural system of reference, that 1s, daylight 

and/or time measures that were strongly dependent on experience, for 

example, the duration of a short mass. 

Over the long run such abstractions away from natural or social 

frames of reference opened up perspectives for new forms of temporal 

organization. They made it possible to dissolve the link between tem- 

poral sequences that had been historically closely connected. Through 

clock-time indications, the times of assembly and council meetings, for 

example, were potentially detachable from the dense bundle of other 

municipal times and their signals. To be sure, when a council commit- 

tee assembled at a specific clock-time, this did not mean in and of itself 

that the customary attendance at mass by the members of the council 

had already dropped by the wayside. However, the form of the tempo- 

ral fixation included the possibility of setting the time for the council 
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and the time for mass independent of each other, or, if necessary, shift- 

ing them with respect to each other. For example, when the consuls in 

Tournai decided in 1397 henceforth to sit in session from seven in the 

morning during the summer so that “the good people can be taken 

care of more quickly,” this change in the meeting times in response to 

the demands of the office did not also necessitate changes in the times 

for religious services.*° Clock-times thus made it possible to disconnect 

in actuality attendance at mass and the meeting of the council. And for 

our purposes the important point is not when and how often during 

the Late Middle Ages people did in fact make use of this possibility. 

In the statute books of the city of Nuremberg we can find circum- 

scribed meeting times that were disconnected from all external tempo- 

ral guidelines (including clock-time) as well as from all intrinsic task- 

related guidelines; these meeting times were therefore abstract times. 

In 1388-1389, the meeting times for a Commission of Five that was to 

relieve the council from the burden of less important tasks during the 

period of the “Stadtekrieg” (“war of the cities”) was set at two periods 

of two hours each: “The Five are to sit every day during the year two 

hours before lunch and two hours after lunch, with the exception of 

two hours before lunch on Saturdays; and if the council is in session 

before lunch, they must not sit before lunch, but they should sit two 

hours after lunch.” The councilors had to observe the sworn minimum 

meeting time of four “or” (“hours”) per day, regardless of whether or 

not they had a corresponding workload. They were also obliged to 

supervise their own compliance with their duties by means of a sand- 

glass. “When all five have come together, he [the presiding councilor 

(“Frager”)] shall turn an hour-glass upside down and the five shall sit 

until two hours have passed, regardless of whether they have things to 

do or not.”® The external arrangement of meeting times was only one 

of the problems of urban administration. Another was the appropriate 

use of meeting times. And here the discipline of the lay members 

proved to be a perennial problem. Absences were the reasons behind 
a new regulation of the courts in Augsburg: “Meanwhile an honorable 
council of this city of Augsburg has now found for some time that 
because of frequent absences of the judges (“oder- und andern richter 
und urtheiler”) at the city court, noticeable shortcomings and impedi- 
ments in the transaction of legal business occur every day and have 
become a habit . . . (1519).”°! Apart from absences and tardiness, nu- 
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merous complaints also reveal that noisiness, interruptions, and verbal 

and physical assaults were widespread problems. While the older stat- 

utes illustrate this only with sparse disciplinary regulations, we can find 

in sixteenth-century statutes, which are marked by the pedagogical 

rhetoric of the Reformation, quite detailed justifications for the tight- 

ening of disciplinary measures. I shall cite three examples. The Council 

Statutes of Uberlingen (1551) have this to say about the tension be- 

tween holding office and making a living: 

Since things have taken such a course . . . and since it is also 

quite evident that the business of my lords of the honorable 

council has not decreased but increased, it has been neces- 

sary to meet every day. The lord councilors have often com- 

plained and indicated that they resent this for various rea- 

sons, most especially since no one can pursue any profitable 

enterprise in his own business or household affairs or deal 

with them as necessity demands.” 

The preface to the Council Statutes of Schlettstadt in the Alsace (1561) 

describes the situations that resulted in part from such problems: 

Given that the lord masters, “const6fHler, ratsfriindt,” and 

guild masters here in Schlettstadt have now for some time 

been attending the council somewhat laxly and negligently, 

some disobediently staying away without permission from a 

ruling lord, some taking leave for minor reasons and taking 

on other affairs during the usual council day and time, as a 

result of which it has occurred on several occasions that 

barely half the council has come together, or if the council 

was assembled, everybody would get up again as they 

pleased and leave: all this to the impediment of the affairs 

incumbent upon the city (and so on).°* 

Even though such complaints could be heard everywhere, the Con- 

stance preacher Konrad Zwick wrote a letter to his council in which 

he urged reform, since in his view the situation in his hometown was 

especially deplorable (1541): 

There is little demand on our entire government. Among 

other governments, which have to deal with much more im- 

portant matters of city and land, council is held less often 
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and not as long, and the councilors have much time left 

over. Compared to others we have only a trifle to take care 

of. And yet we have council every day, long councils, stat- 

utes every day, many councilors have no time all day, and 

have no peace or rest, and still the affairs and legal affairs in- 

cumbent upon the poor city are again and again neglected 

and postponed . . . Moreover, on account of minor and for 

the most part insignificant things (“mersthails klain fiigen 

dingen”) we use up all the time, hour and day, and it is a 

proper punishment when God makes our effort and labor 

fruitless and unproductive, so that we must consume the pre- 

cious and irrecoverable time to our own disadvantage and 

that of the city.* 

People tried to control at least some of these problems in two ways: 

with attendance fees and allowances for council members, and with 

tightened council discipline. Discipline included being present and be- 

ing on time, and the leverage here was to ensure both by threatening 

to reduce attendance fees. 

Practices meant to ensure punctuality and differentiated punishment 

for tardiness were already known from monasteries during the High 

Middle Ages: the three-fold repetition of the call to prayer and punish- 

ment according to the number of prayers or psalms missed. Both 

methods appear also in the urban statutes. In addition, however, from 

the end of the fourteenth century new techniques of organizing time 

were tried out, some of which remained in use until the end of the 

eighteenth century. 

In the fifteen versions of the statutes governing the meeting of the 

Constance council between 1376 and 1434, the threats of penalties for 

latecomers were linked in part to the bell signal, which was repeated 

several times, and in part to the progress of the meeting. In one case a 

monetary fine was imposed if a council member had still not appeared 

by the third bell signal; in another case the fine increased with every 

point on the agenda (“frag”) that the tardy councilor missed.® Both 

methods can also be found, among other places, in the older statutes 

for Wiirzburg, Cologne, and Nuremberg. According to an addendum 
to the Constance council statutes of 1434, an attempt was made at the 

beginning of the fifteenth century to disconnect the penalties from 
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the agenda points (“fragen”) and to levy the punishment according to 
the hours missed. After the “first hour,” one-third of the maximum 

penalty for complete absence was due, after the “second hour,” two- 

thirds.°° A similar attempt was made in Cologne. There the statutes 

for the high court from 1435 set the beginning of the session in the 

summer at eight o’clock. Assessors who came after eight o’clock but 

still before the stroke of nine were to lose half of their attendance fee. 

No fee would be paid to those who absented themselves from the 

court before nine or prior to the rendering of judgment.°7 

It would appear that regulations of this sort, which tied not only 

the beginning of meetings and sessions but also the course of meetings 

and time penalties to the strokes of the clock, proved to be impractical 

and fell out of use. In Strasbourg, as well as in other cities, the interval 

between the first and the second call signal had been long enough to 

allow everyone to get from his house in the city to the council. In the 

fifteenth century this old interval, experiential and dependent on the 
size of the city, was fixed at half an hour. After that time had passed 

the meeting was to begin, and fines would be imposed on latecomers. 

To help the tower wardens to observe the time limit precisely, they 

were given a “sandglass” (“zitglas”), “so that they might know when 

half an hour has passed.”°® 

In Brunswick, the churches of St. Catherine and St. Martin had both 

been equipped with striking tower clocks. The reform of the constitu- 

tion of the council in 1408 took this into consideration by stipulating 

that fines for tardiness would be imposed after the second “clock” 

had struck.°? 

Around the same time, a solution for organizing time was found 

that kept the specifying of the beginning of a meeting according to 

the striking of a clock or council bell but regulated the problem of 

supervising punctuality in a separate manner. In Cologne, for example, 

the sessions of the mayor’s councilors (““Amtsleute”) were to begin 

after 1450 at eight during the summer, at nine in the winter. Once the 

clock had struck, the council servants set up “a glass with sand, which 

shall run for a quarter of an hour.” Anyone who appeared after the 

sandglass had run out would lose part of this attendance fee. This kind 

of regulation was later also adopted for other municipal committees 

in Cologne.”° In Nordlingen it 1s attested after 1429, later also in Wol- 

fach, Thorn, Riga, Tiibingen, Asperg, and Kaufbeuren.”! The still 
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vague connection between the timed beginning and the grace period 

that followed became particularly clear in a corresponding regulation 

in the council statutes of Isny (1482): “When the holy water has been 

given in the hospital for the late mass, one shall set the quarter part of 

the hour, and whoever arrives after it has run out . . .””? At the begin- 

ning of the sixteenth century, similar regulations were passed, re- 

newed, or strongly reiterated for all kinds of committees in numerous 

cities. A redaction of the statutes of the council in Constance (1537) 

reveals that the abstract fixing of a time limit also had repercussions 

for the length of the individual agenda points. Here a fine was due 

after the “fourth part of the hour has run out and one point in the 

council is over.” After two missed points, discussion of which should 

last a quarter of an hour each, the fine was doubled. A few years later, 

in 1543, a differently calibrated sandglass was used (“eighth part of the 

hour”), and the attempt was made once again to impose penalties ac- 

cording to hours missed. To be sure, without weighty reasons the total 

duration of the session, during which the lord councilors had to be 

present behind closed doors, could also not be extended beyond a cer- 

tain clock-time (“when it has struck ten”). At the end of the sixteenth 

century, the grace period was fifteen minutes again and the length of 

the council bell signal was also set at fifteen minutes.7* Similar steps 

were taken in Uberlingen (15st), though here the preceding mass was 

retained.’* The organization in Schlettstadt was particularly thorough 

(1561). The signal of the council bell was to last half an hour. After that 

servants set up two sandglasses. Once the first had run out and after a 

special sign from small bells, attendance was taken from lists. Members 

who appeared after roll-call had begun but before the second sandglass 

had run out were not fined, though they lost their attendance fees.”® 

In Bruchsal in 1588, candles of predetermined duration were burnt 

alongside the sandglasses.”° 

Such excessively perfectionist regulations did not prevail over the 

long run. Most cities stuck to timing the meetings by the clock and 

using a quarter-hour glass to limit the temporal discretion for the ac- 
tual beginning of the session. This time limit, known today as the “aca- 
demic quarter,” apparently arose in the urban committees. It probably 
got its name from the fact that it was explicitly adhered to longer in 
university committees and lecture times. In the urban statutes the 
problem of timing and punctuality declined in importance beginning 
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in the seventeenth century. Standards of discipline that had still been 
problematic in the Late Middle Ages had by this time gradually be- 
come habit. However, we now encounter these time-control tech- 

niques all the more frequently in the village statutes from the sixteenth 

to the eighteenth centuries.”” In most of these cases, as well, the sand- 

glass was called for. In addition regulations with less abstract time lim- 

its also appear in the village statutes. In Schénbrunn in the episcopacy 

of Bamberg, the neighbors showed themselves “somewhat dilatory” 

after the ringing for the “assembly” (“Gemein”). The statutes from the 

year 1741 therefore stipulated that the tardiness fine was due once the 

mayor had gone to a tree at the mill, broken off a twig, and brought 

it back to the assembly place.” In these statutes use was made not of 

an abstract time limit, but of a measure of time that was empirical and 

valid only for a specific place. The modern purpose of control was here 

attained by reviving techniques of time limitation that had long since 

been forgotten in the cities. 

Market time 

Among the rare references in the fourteenth century to the practical 

usefulness of public clocks in the cities is a brief passage in a literary 

allegory of the founding of a monastery (written before 1380).”” The 

anonymous author of The Abbey of the Holy Ghost mentions, in connec- 

tion with the use of public clocks, not only the beginning of work time 

but also the beginning of the offering of wares at market. In one of 

the earliest references to the public use of clocks, in the city of Valen- 

ciennes (1325-1344), a device called “li orloges,” located directly at the 

cloth hall, limited the time for the selling of cloth at midday. In Ulm, 

according to the account of Felix Fabri, a striking clock was maintained 

in the house of the tax farmer for the fustian-weavers, even before 

the city itself had such a clock.*° What was the importance of time- 

organizing regulations for the activity at market, and to what extent 

did public clocks come to play a significant role in them? 

In the Middle Ages, the market, as the organized bringing together 

of sellers and buyers, was never an abstract concept but always an event 

that was tied to concrete places and concrete times and governed by 

specific regulations. The labor market, even if not under this name, 

was the place in the city where weekly wage laborers and day laborers 
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were hired prior to sunrise, the corn market was the sole place where 

grain could be bought and sold at certain times, and so on. 

Concentrating market-like activities at certain locations and times is 

an ancient practice. The reasons for such a concentration were mani- 

fold. Guaranteeing the peace of the market gave those who took part 

in it safe conduct and, among other things, protection against having 

their wares seized; this was, of course, only possible for limited periods 

of time. Limiting market time to daylight served to ensure the safety 

of the participants; it guaranteed the public nature or general accessi- 

bility of the market, and made it possible to carry out quality and price 

controls and levy taxes and dues. Thousands of market regulations 

from the twelfth century on show that all these objectives were pur- 

sued by, among other methods, limiting urban markets to specific 

times of the day. Market time began with sunrise or the ringing of 

Prime and usually ended around midday. From the thirteenth to the 

eighteenth centuries, in individual cases also as late as the nineteenth 

century, market time was also acoustically indicated by special market 

or corn bells. In many cases there were also optical signals such as 

market banners or broom-like signs (“Marktwische”) that were dis- 

played during the authorized market time.*! 

The specifying of market times by clock time that can be frequently 

observed at the end of the fourteenth century did not directly influence 

market activities. A certain need for precision seems to have existed, 

however, where the inspection and selling of textiles was to be tempo- 

rally linked. We can add many similar examples to the early example 

from Valenciennes. The comment in The Abbey of the Holy Ghost finds 

numerous confirmations in the sources.*? 

However, in addition to the setting of the beginning and end of 

market times, we also find in market regulations of European cities 

from the thirteenth century on a noticeable cluster of temporal subdi- 

visions of market activities, which were responses to special regulatory 

problems. The purpose of the urban market was to bring producers 

(peasants and artisans) and consumers (mostly urban residents) into 

the most direct contact. As much as possible, purchases were to be 

made openly and firsthand. Producers should get a fair price at the 
food markets, and the needs of the urban consumers should be met, 
the latter being of primary importance. At markets with artisanal prod- 
ucts, competition within guilds was to be regulated and the city’s arti- 
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sans protected as much as possible against outside competitors. But by 
the High Middle Ages this model of the market no longer had much 
in common with the realities of the market. The need to provision 

the populous cities from the surrounding territory, a need that was 

constantly increasing, promoted intermediate trading everywhere, 

which relieved small producers from the necessity of journeying into 

the city. In addition, the growing importance of trade with finished 

products, above all with textiles, in many cases altered the function of 

urban markets: provisioning markets turned into trading markets. 

The urban market had thus turned into a complex entity, where the 

interests of a growing diversity of participants had to be accommo- 

dated and balanced. Moreover, from the perspective of those who held 

jurisdiction over a market, these interests were entitled to different de- 

grees of consideration. The authorities sought to manage the resulting 

regulatory problems with a multitude of time-organizing measures. 

Intermediate trade existed everywhere under many different names. 

“Vorkaufer” (“prebuyers”) were those who tried to get their hands on 

goods preemptively, that is to say outside of the city or prior to the 

beginning of market. “Unterkaufer” (“sub-buyers”) bought only to 

sell again, or were brokers working for someone else. Small-scale ven- 

dors (hucksters, street peddlers), finally, sold very small amounts and 

leftover wares outside of the market or market times. All three groups 

of intermediate traders were regarded as foreign to the true purpose 

of the market and were suspected of endangering supplies and driving 

up prices.*? Numerous market regulations were intended to draw the 

narrowest possible boundaries to intermediate trading or stop it alto- 

gether: prohibition of pre-buying outside of the city, exclusion of in- 

termediate dealers from the market, prohibition of all side-agreements 

and invalidation of all purchases resulting from them, and so on. No- 

where was the positive, price-equalizing function of intermediate trade 

explicitly recognized. Municipal administrations reacted only indi- 

rectly to this unavoidable phenomenon, for example by establishing 

granaries (“Kornhauser”) or hiring municipal brokers.** The success 

of the entire panoply of restrictive measures 1s something we can 

hardly assess. It does seem highly doubtful, however, that buying and 

selling agreements could be prevented. 

Among the flood of steps taken against intermediate trade on the 

urban markets, one group of measures stands out for their extremely 
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wide diffusion and longevity. Urban authorities were evidently con- 

vinced that the problem of intermediate trade, and in general that of 

the variously privileged parties at the market, could be dealt with by 

an internal temporal ordering of market activities. The internal timing 

of the market was generally arranged in such a way that from the be- 

ginning of the market up to a certain point (indicated by bell signal, 

lowering of the market banner, clock stroke), only town residents and 

buyers for the great families could purchase things for their own use. 

After that point everyone could make purchases or negotiate them. 

Such pre-buying regulations, which are extremely numerous, differed 

for the most part only in the length of buying time they granted to 

the privileged buyers. Most regulations were directed against the pre- 

buyers of poultry, eggs, cheese, game and venison, and fruit. But other 

groups of wares were also affected, as were pre-buying and small-scale 

retailing in general. The market as an event with a deliberate temporal 

pattern becomes visible in a miniature in a Codex picturatus (around 

1500), that contains the guild and trade regulations of Cracow. Perhaps 

unintentionally, though plausibly, the artist has brought a public clock 

into the picture showing a hawker’s booth (fig. 54). 

The temporal division of the market, already common as an organi- 

zational tool in the thirteenth century, could be further differentiated 

with the help of the clock-time signal. A grain market regulation in 

Dresden (1570) stipulated that in summertime only local consumers 

could buy before eight o’clock, thereafter until ten o’clock also the 

master bakers, and only after that the “Platzbacker” (pastry bakers).*° 

The regulation was justified on the grounds that the bakers were re- 

sponsible for inflated prices. Grain wholesalers, hawkers, and small re- 

tailers were usually permitted to appear at market only after twelve 

oclock. Access by outside sellers and buyers could also be limited 

through time restrictions. In Frankfurt, for example, Jews were not 

allowed to show up at the ox market before nine o’clock, the purpose 

being to prevent them from buying up the best animals (1595).°° 

These time restrictions were based on the notion that in a situation 
where goods were scarce, the provisioning of the city’s own citizens 
had priority. In times of emergency the regulations were therefore 
written such that intermediate buyers were excluded altogether from 
making purchases at markets.*” Added to this was the hope, no doubt 
a realistic one only in part, that prices could be regulated. Through de 
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54. Hawker’s shop in Balthasar Behem’s Codex picturatus (around 1500). Cra- 

cow, Biblioteka Jagielonska. 

facto compulsory market participation during a limited time period — 

nobody was allowed to open his booth, bank, or store prior to the 

beginning of the unrestricted market period— the authorities tried to 

prevent possible high-price offers and speculation in goods during 

market time. Moreover, time limitations could also be used to assure 

quality. Fishmongers, for example, were everywhere forced by espe- 

cially tight selling times to turn over their goods quickly.** Occasion- 

ally the attempt was made to speed up the selling of fish even further 

by prohibiting fishermen from sitting down during their allotted mar- 

ket time. 

It was very rare that cities, in the interest of actively promoting 

trade, explicitly renounced every form of regulation that organized 

market time.*? As its wide use in all European countries shows, a tem- 

poral ordering of urban markets was the only method that was seen as 

manageable and promising with regard to the goals pursued by the 
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authorities. The allotment of unequal market opportunities for differ- 

ent groups of buyers, and the privileged provisioning of the town resi- 

dents or a split pricing in favor of city-dwellers, could perhaps have 

been achieved better through controls on individuals, volume, and 

prices. But in view of the fact that it was impossible to carry out such 

controls effectively, temporal segmentation, while not an optimal reg- 

ulating tool, was seen as adequate and fair in the eyes of contempo- 

raries. 

To what extent the goals pursued with the help of such measures 

were in fact attained is something we can hardly determine. We would 

have to know whether the peasants in times of crisis did not, after all, 

sell outside of the cities, or whether the prices paid by town residents 

and merchants were in fact different. Whatever the case may be, until 

the nineteenth century authorities could not see any better regulatory 

possibilities. Only then were such regulations dropped and confidence 

placed in the mechanism of free price formation. 

The question of when and how the late medieval regulations fell 

into desuetude or were abolished in the various cities can be answered 

only in a few cases. In Cologne, pre-buying regulations were repeat- 

edly restated, newly published, or confirmed in numerous council stat- 

utes of the sixteenth, seventeenth, and eighteenth centuries. As late as 

1816, pre-buyers were still barred from appearing at market before ten 

o’clock, just as they had been in the fifteenth century.”? The Prussian 

statutes of administrative policy (“Polizeiordnungen”) of the eigh- 

teenth century adopted similar rules and turned them into state laws.*! 

The “regulation of the weekly market” for the larger cities in the 

Duchy of Cleves (1773), for example, enshrined the threefold division 

into “consumers” who had access until ten o’clock, bakers and brewers 

until eleven, and hawkers and merchants after eleven.% 

In Vienna, selling prohibitions existed after 1504. Beginning with 

the Austrian Police Statutes of 1542, at yearly fairs and weekly markets 

a “banner” had to be hoisted for two hours, during which period only 
burghers were allowed to purchase quantities for their own household 
needs. The Vienna market statutes of the following centuries renewed 
these regulations on several occasions, in part explicitly during times 
of “price rises.” The eighteenth century saw conflicts on the Vienna 
market with the small retailers and hawkers, because peasants had re- 
ceived permission to sell their own as well as purchased, cleaned geese 
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and ducks until ten o’clock, later until one o’clock. In the subsequent 
period the time restrictions for producers were further loosened; inter- 

mediate traders, however, continued to be tied to specific times. In 

1787, a decree of Emperor Joseph I abolished all buying privileges of 

the “public.” However, this attempt at liberalizing the rules initially 

met with no success. The market statutes of 1791 differentiated once 

again between the public, people in the trades, who could buy only 

after ten, and small retailers, who were not allowed to appear in the 

market squares before eleven o’clock.?* 

In conclusion I shall cite only two references on the unwritten his- 

tory of how economic liberalism came to prevail within the cities: in 

Winterthur the market bell rang for the intermediate merchants from 

1481 until 1839. Herzberg in Saxony clung to the old pre-buying rules, 

according to which citizens were allowed to shop between nine and 

ten in the morning, until 1869.°* Only then did the beginning of mar- 

ket signal also the beginning of a free market. 

The “time-ordering” (“Zeitordnung”) of schools and teaching 

Clock-time regulations that appear in the statutes of urban schools be- 

ginning about the middle of the fifteenth century delimited at first the 

duration of daily classes and fixed the work time of teachers. In addi- 

tion, they tied school time to other elements of the urban temporal 

order. Once the length of instruction had been circumscribed in terms 

of hours, its various parts could also be divided into equal segments. 

The precursors of the hourly class schedule commonly used today ap- 

peared at the end of the fifteenth century. Its development can subse- 

quently be traced especially through the flood of post-Reformation 

school statutes for higher and lower civic schools (“Biirgerschulen”). 

While the history of humanistic and Reformation pedagogy and the 

content of its instruction and its school reforms have been frequently 

described, little attention has been paid to the hourly schedules that 

were a new phenomenon at the time.”® The fact that they were so ubiq- 

uitous and self-evident makes it easy to overlook that the patterning 

of time with modern means brought about, beginning in the fifteenth 

century, changes in the schools that were not only formal in nature. 

Josef Dolch has described the transition from the medieval curricula 

of the artes liberales (trivium, quadrivium) over a period of three hun- 
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dred years as the transition from a type of “ordo legendi” to a type 

of “ordo docendi.” The old curriculum structure, which shaped the 

operation of universities and schools, was organized around the 

graded arrangement of a canon of Latin authors who were required 

reading. The sequence of the texts was indicated by the rank they held 

in the accepted hierarchy of knowledge, and the student, by reading 

and studying, was to acquire progressively higher degrees of knowl- 

edge. Cracks appeared in the old structure of the curriculum contents 

through the increase in the stock of knowledge and especially through 

the reception of the Greek classics. Even if the concept of limited peri- 

ods of study was still largely absent, the multiplication of books that 

had to be read did produce time pressures that one could not fail to 

notice. Encyclopedias, indexes, and a variety of mnemonic devices 

were responses to the problem of how to access the growing body of 

knowledge more quickly and more effectively.°° 

Time pressure became a perennial topic among humanist authors 

from the end of the fourteenth century on. It was precisely in the con- 

text of education, learning, and studying that we find in Petrus Paulus 

Vergerius, Battista Guarino, and Leon Battista Alberti a growing num- 

ber of admonitions and words of advice on how to make economical 

use of one’s time — understood both as the time of one day as well as 

a lifetime, how to avoid wasting time, and how to give a constant 

account of how time has been used.”” Concretely the issue was not 

only interest in and curiosity about texts, but also the development of 

rhetorical and literary skills and the cultivation of music and athletics. 

As we can see from the suggestions of these authors, time pressure 

could only be met through order, method, and planning.°* Education 

and self-cultivation had turned the scarcity of time into a prominent 

topic. Though allusions to the fleeting nature of the time of life are 

not absent, the more concrete problems related to the organization 

of time. The suggested solutions frequently amount to arrangements 

resembling hourly schedules: the hours of work and reading should 

be carefully allotted, gaps of time should be avoided or made use of, 

authors or themes should be assigned to specific hours, and an account 

given to oneself whether they have been adhered to. 

In this milieu sandglasses appeared as a means of setting time limits 
and supervising oneself. Petrus Paulus Vergerius, in his tract De ingen- 
uis moribus (written around 1404), recommended that devices “with 
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which one measures the hours and the time” be installed in public and 
visible places in the libraries, “so that we can see time itself flowing 

and fading away, as it were.” The wording reveals that these devices 
could only have been sandglasses.°” 

That one should observe the flow of time was surely also meant as 

a general moral admonition. However, the time-measuring device was 

above all an organizational aid. Vergerius does not suggest dividing 

the study of an author’s work by chapter or section; instead, a theme 

or author should be allotted a specific period of time. Equal periods 

of time are neutral in regard to the diversity of the contents of books, 

their varying importance, or different degrees of difficulty. Limited 

“periods of study or instruction” allow, with respect to contents, a 

more abstract and freer organization of studies under the conditions 

of time scarcity. The other didactic techniques that appeared and which 

are not discussed here acquired a temporal framework and possibilities 

of control through the setting of limits. 

It would appear that the technique of the abstract limiting of in- 

structional periods was in use in the Jewish schools of the Middle 

Ages— whose curriculum development was very different — at least at 

the same time as in Christian schools and possibly even earlier. The 

oldest depiction of this known to me is an instruction scene with a 

sandglass in a Pentateuch created in Coburg in 1395 (fig. 55).10° Scholar- 

ship on the history of Jewish schools has emphasized not only the inti- 

mate relationship between the house of prayer and the house of learn- 

ing, more intimate than within the Christian communities, but also 

the outstanding importance which the teaching of children had in the 

Jewish communities. It has also stressed the abundance and strictness 

of regulations that were concerned with time-discipline in the broader 

sense. “Determine a time for lessons; give your students a specific time 

for coming and going”: these words described a time which, according 

to an expression from the Talmud, could not be interrupted even “if 

the building of the temple in Jerusalem were at stake.”!°' The succes- 

sion of the subjects of instruction, which varied with age, the tech- 

niques of presentation and repetition, and the number of students per 

teacher were regulated with the same exactitude. The sandglass sus- 

pended above the student in the miniature is therefore not an inciden- 

tal or decorative element, but the depiction of modern ways of carrying 

out very ancient regulations. This finding is confirmed by textual 
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ss. School scene with sandglass, in a Pentateuch written in Coburg around 

1395. London, British Library, Ms. Add. 19776, folio 72 verso. 

sources from the beginning of the fifteenth century. In the collections 

of responses, that is, written opinions of recognized religious authori- 

ties, trmekeepers are prescribed aids in school from this time on. Jacob 

Levy (rabbi in Mainz, died 1427), his student Jacob Weil (rabbi in Nur- 

emberg, fifteenth century), and Israel Bruna (Regensburg, ca. 1450), 

made the procurement of sandglasses and wheeled clocks for de-. 

termining school time obligatory.!© This tradition can still be observed 

at the end of the seventeenth century, and later regulations show that 
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the setting of abstract limits was used not only for controlling the se- 
quence of instruction, but also for calculating the teachers’ pay. In the 
school regulations of the community of Nikolsburg in Moravia (1676), 

we read: “No teacher may teach without a sandglass.” Since the daily 

lessons, the number of students, and the maximum hours a teacher 

should instruct were fixed, a salary that also took into account levels 

of difficulty could be calculated by allowing that “the boys who are 

learning the alphabet count for half an hour, those studying the Penta- 

teuch for three-quarters of an hour, those studying the Talmud for one 

hour. Those who, in addition to the Talmud, are learning the commen- 

tary Tosafot count for five quarters of an hour.”! 

The Christian schooling that was vigorously promoted after the 

Reformation frequently took up the pedagogical concepts of the 

humanists.'°* The goals, however, were more ambitious: education 

should ideally reach everybody, for without a certain degree of literacy 

and education the freedom of a Christian could not be attained. Theo- 

logically this endeavor was also driven by the desire to set the “house 

of God” on earth—which encompassed church, state, family, and 

schools — “in order” as best one could in view of the end of the world, 

of the earthly time that was felt to be winding down. The alliance 

between the Reformers and the territorial princes was intended to safe- 

guard the Reformation ideologically and politically, and the recruit- 

ment and training of suitable pastors, teachers, and officeholders was 

seen as part of that safeguard. In addition to the enormous task of 

providing a financial basis for the schools in the cities and villages, the 

Reformers were also concerned with expanding the content of what 

was taught. Religion, music, mathematics, some history, and the an- 

cient languages became subjects in the higher civic schools. Here “sub- 

ject” meant that —in the long run—the focus was less on reading cer- 

tain books and more on covering certain subjects, drawing on books 

to study them. Organizational techniques were also adopted and de- 

veloped further—and this applies also to the school reform of the 

Counter-Reformation. 
These organizational techniques included the division of students 

into age and achievement groups, as well as the structuring of classes 

into an hourly rhythm.!% The latter is already clearly developed in the 

Ulm school regulations from the end of the fifteenth century, where it 

was described — as an “old custom” no less —as follows: 



256 

CHAPTER EIGHT 

As soon as the bell has struck vi, the teacher goes into the 

school and sings the Veni sancte with the students. After 

that he reads the (student)register and then begins exercises 

in grammar . . . (in the afternoon) when the bell has struck 

xii, the master himself comes into school and reads a poet 

until it strikes one . . . and all students must pay attention, 

just as they do in the morning between six and seven in 

grammar.'° 

The Nuremberg statutes of 1505 also divided the subject matter on an 

hourly basis.!°” In his tract to the lord councilors of all German cities 

(published in 1524), Luther demanded that boys and girls should at- 

tend school for at least one to two hours every day.'°8 In accord with 

Ulrich Zwinglrs Leerbiechlein wie man Knaben Christlich unterweysen 

und erziehen soll (“Handbook on the Christian instruction and up- 

bringing of boys”), Zurich in 1523 set up school with an hour each of 

Hebrew, Greek, and Latin every day.’ 

The title page illustrations of the first edition of both tracts (figs. 56, 

57) show that instruction was not only framed by the stroke of the 

clock; in addition — and into the eighteenth century with growing fre- 

quency — classes followed the running of a sandglass. Comparable il- 

lustrations show that the sandglass time measure was also supposed to 

be used for instruction at home. The pictures, too, prove that instruc- 

tion was arranged by abstract periods and no longer by books or 
chapters. 

These time periods — that is, hours — became the work standard for 

teachers, even if their pay was not as directly related to the number of 

hours as was the case in Jewish schools.!!° Time limits made the vari- 

ous subjects into planning units that were outwardly equal. Varying 

levels of difficulty could still be accommodated, for example, through 

a skillful arrangement of demanding and less demanding subjects. The 

different places subjects occupied on the scale of importance were also 

not abolished. They merely had to be translated into time differences: 

the more important a subject, the more hours per week were allotted 

to it. Finally, the temporal framework of one hour could, for pedagogi- 

cal purposes, be further subdivided. According to the school statutes 
of Nordhausen (1583), for example, in each case the first half hour 
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56. School scene with sandglass. 57. Teacher with sandglass. Title 

Title page to Martin Luther’s An die _ page to Ulrich Zwingli’s Lehrbiichlein 

Ratsherrn aller Stadte deutschen wie man Knaben christlich unterweisen 

Landes, dafs sie Christliche Schulen er- und erziehen soll (Zurich, 1523). Mu- 

richten und halten sollen (Wittenberg, nich, Bayersiche Staatsbibliothek. 

1524). Heidelberg, Universitatsbibli- 
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should be used for reading and presenting the lesson, the third quarter 

for repetition, and the last quarter for a new assignment.!!! 

Of course this discussion does not cover all the effects that abstract 

limits had on the content and style of classes. What is certain, however, 

is that they proved a useful means of pursuing at one and the same 

time a range of quite different goals. 

In the sixteenth century, which has been called the “century of 

school statutes” because of the large number of such texts (often very 

detailed because of the lack of trained teachers), the formal aspects 

of old school schedules were developed further.'!? This formalization 

amounted to a dissociation from specific books, specific teachers, and 

local peculiarities. In this way these abstract plans could also be made 

valid on a territorial level. As is shown, for example, by the regulations 
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governing the furnishings of classrooms, the combination of striking 

clock and sandglass continued unchanged.' In this regard, too, ques- 

tions of time remained an important theme in early modern school 

statutes. To my knowledge the modern German word “Stundenplan” 

(“hour-schedule”) does not appear before the end of the eighteenth 

century, though the word “Zeitordnung” (“time-order”) that is used 

in this chapter heading does.'!* 

The transition to modern hour-reckoning at the late medieval uni- 

versities had much less of an impact on teaching. Since lower and 

higher civic schools were for the most part new establishments, or at 

least thoroughly reorganized ones, little stood in the way of the adop- 

tion of relatively modern organizational forms. Comparable funda- 

mental changes did not take place at the universities either in terms of 

the content of what was taught or in the way teaching was carried out. 

To be sure, university statutes dealt with questions of time organiza- 

tion in no less detail than the school statutes. But time arrangements 

at the universities contained a large number of old elements that were 

strongly obligatory, and they were significantly more complicated. The 

curricula of the various faculties continued to be “ordines legendi” that 

were tied to specific books. A lecture generally had an intrinsic timing, 

that is to say, one dependent on the material in question. Books were 

divided into “points,” which provided the measure for individual lec- 

tures. Progress could be checked by the wardens; teachers who ex- 

ceeded the time were penalized by cuts in their fees.1!® 

It is difficult to give the time duration of daily lectures. The three 

or four daily lectures differed according to the rank of the texts, the 

instructors authorized to deliver them, and their duration.!!° The 

morning lecture (“lectio de mane, 1. in Primis, 1. in aurora, 1. in ortu 

solis”) was given by doctors and masters and was therefore also called 

“hora doctoralis.” In the winter it began when it was still dark, and 

without candlelight it had to be recited by heart. In Paris in 1386 it was 

described as not so “large an hour,” and was therefore reserved for 

the overburdened doctors.'!” This was the time given to the “lectiones 

ordinariae” on the more important books. The two other morning 

lectures, usually named after Terce and the None, and one afternoon 

lecture (“lectio in vesperas,” “hora vesperorum”) were allotted to the. 
“lectiones extraordinariae” and the “lectiones cursoriae.” With three 

lectures each for the masters and the baccalaureates, the medical faculty 
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had a different schedule than the law faculty. Disputations, repetitions, 
and university sermons interrupted this rhythm at irregular intervals. 
Added to this were the church feasts and ceremonial acts listed in 

the university calendars and celebrated differently at the various fac- 
liltes.+*¢ 

In the fourteenth and fifteenth centuries, the universities still had 

very few central buildings of their own, and lecture rooms were usually 

spread over a section of the city.!!° The signal systems and time indica- 

tions were correspondingly complex and are difficult for us to under- 

stand today. Some universities had their own bells, for which special 

dues were charged; others oriented themselves after the time signals 

of major churches. In addition, the bells and services at smaller 

churches and chapels are also mentioned in time indications.'?° It is 

therefore hardly possible to reconstruct satisfactory schedules on the 

basis of the statutes. 

Despite these, for the most part, unfavorable external conditions, 

the universities, too, quickly switched their activities over to clock-time 

(Prague 1348, Vienna 1385, Ferrara 1391, Padua 139s). In this way uni- 

versities in the cities were unified in temporal terms even before they 

got their own buildings. Some procured their own clocks, as, for ex- 

ample, Merton College in Oxford (1387).'?7! Some oriented themselves 

by the existing public time signals, as, for example, in Pavia, where 

from 1408 on the municipal tower wardens had to give all signals 

“causa studii papiensis.” The case of Pavia also shows that the switch 

to clock-times was an irreversible process that created dependencies: 

in 1465, the rectors of the faculties of law and the arts complained that 

the main clock for the town, located in the ducal palace, struck the 

hours in such a disorderly fashion that “it was unclear at what hours 

the doctors were to read and the students to attend.” The duke prom- 

ised to rectify the situation by hiring a suitable clock warden “in order 

that doctors and students might know what they should do in regard 

to classes as well as other public duties.”!”” 

Adherence to the traditional, unequal lecture times was the reason 

why the new organizational possibilities could not be more extensively 

used. This becomes clear, for example, from the statutes of the univer- 

sity of Avignon (1441). Here the beginning of the lecture times is indi- 

cated only vaguely in accordance with the Hours, while their duration 

is given with greater precision than was possible with a public clock: 
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the “hora doctoralis,” which began in the winter before, and in the 

summer after, Prime ringing, was to last one and a half hours, the 

“horae tertiorum et vesperorum,” an hour and a quarter each, and 

the “hora none,” one hour. In each case these times did not include 

the signal time (“sine tractu”).!?? We know from pictorial sources, 

though not directly from texts, that sandglasses were also used in the 

lecture halls to observe these time regulations. The earliest example 

is probably a miniature from a statute collection (compiled in 1500) 

concerning a newly established university (fig. 58). In the house rules 

of the Freiburg Collegium Sapientiae, a kind of students’ hostel, we 

read this concerning non-public disputations: “Lest knowledge of the 

most highly renowned arts is spoiled in dullness and indolence, we 

order the following: since the disputation is the file of reason, by 

which the rust of all ignorance is scraped away, each week, either on 

Sunday or Thursday in the evening after supper, a disputation in the 

liberal arts shall take place for about one full hour.”!?* 

Preaching time 

In hundreds of ecclesiastical constitutions between the sixteenth and 

eighteenth centuries, at first only in Protestant constitutions, later also 

in Catholic ones, precise and detailed regulations were given concern- 

ing not only the times of services on feast days and weekdays, but also 

of baptisms, weddings, funerals, and the hours of school and cate- 

chism. Insofar as the ecclesiastical constitutions were simultaneously 

administrative regulations of the territorial rulers (“landesherrliche 

Polizeiordnungen”), they also contained a wealth of time regulations 

of public life, for example on curfew, the opening times of inns, and 
the like. 

By its nature and extent this regulatory offensive in the areas of ped- 

agogy, liturgy, and social policy was far removed from the original 

intentions of the reformers. The latter had initially believed that by 

abolishing all external, “popish,” and “superstitious” ceremonies and 

practices, they were promoting an invisible church. For the purpose 

of salvation they considered all “external order” as irrelevant. How- 
ever, the unexpectedly rapid advance of the Reformation brought a 
series of problems and created an unsuspected need for regulation. 
There were far too few Reformed preachers, and many reform-minded 
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58. Disputation scene from the manuscript of statutes of the Collegium Sapt- 
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parishes and priests did not know how to celebrate mass and what to 

preach. The politicization of the confessional conflict created an addi- 

tional need for new regulations, for after the territorial princes had 

acquired supreme ecclesiastical authority, they demanded ecclesiastical 

constitutions for the implementation of the Reformation in their terri- 

tories. The various radical reform movements gave rise to additional 

problems of differentiation and control. With emphatic reluctance and 

hesitation — “because there is a push everywhere for German masses 
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and services, and there is much grumbling and annoyance about the 

diverse forms of the new masses, as a result of which everybody does 

his own thing” — Luther addressed himself to the designs for the lit- 

urgy and the order of the masses.!? In the process he repeatedly em- 

phasized “Christian freedom” in regard to all external order of the ex- 

ercise of religion. The flood of ecclesiastical constitutions (school 

statutes were frequently included in them) that were published in the 

interest of spreading and securing the Reformation can also be seen as 

a comprehensive attempt to diffuse the Christian message for the first 

time everywhere and to everyone through preaching and teaching. The 

past appeared to the Reformers as a great chaos of ignorance, blind- 

ness, and disorder. At the same time, however, the emphasis on “Chris- 

tian freedom” involved the danger that reformationist ideas would 

take on a life of their own with certain teachers and in individual com- 

munities. The ideal of order as such developed a certain dynamic of its 

own. On the whole rules were made for far more things and in far 

greater detail than was possible to observe in real life. However, new 

regulatory areas or new regulatory techniques did not yet appear at 

this time. New was only the density and breadth of the regulations. 

The subject of ecclesiastical constitutions was, first of all, the exten- 

sive complex of the financial underpinning for maintaining the church 

buildings, the schools, the charity funds, the pastors, sacristans, and 

teachers. The second major area was the liturgy, the festal calendar, and 

the time of masses during the day —all this combined with elaborate 

justifications, explanations, and admonitions. In this way the constitu- 

tions at times grew so large that shortened versions had to be drawn 

up for the councilors, “so that less time is spent with them and other 

necessary business is not impeded.”!?° While local peculiarities were 

certainly taken into consideration, the new order did lead to a consid- 

erable measure of uniformity in regard to temporal regulations. 

Although it was repeatedly emphasized—following the original 

conceptions — that Christians were not bound to specific days and 

hours in their devotions and prayers, in practical terms all religious 

ceremonies were given a “particular time and hour.” The number of 

divine services was drastically reduced, though those remaining were 
consistently regulated by the stroke of the clock. This measure was 
directed against the Catholic “secret masses,” masses that were cele- 
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59. Sermon in a reformed temple, called “Paradise,” in Lyon (1564). Geneva, 

Bibliotheque Publique et Universitaire. Photo: Francois Martin, Geneva. 

brated only because they were endowed and usually without partici- 

pants. The intention of the Reformers was to secure the greatest pos- 

sible attention and participation for a smaller number of masses by 

fixing them precisely in time. Outward order—not a matter of con- 

science and also not necessary for salvation, though definitely advanta- 

geous to the common good — was also part of the “education through 

the church” in Geneva under the Reformer John Calvin. He demanded 

“specific hours” for all religious ceremonies and had weekday masses 

limited to one hour. The picture of the spartan temple (fig. 59), decor- 

ated “without any foolish display and striving for human fame,” shows 

it in its “original simplicity” but furnished with the modern instrument 

of measuring time limits, the chancel sandglass.'” The Catholic eccle- 

siastical constitutions adopted the techniques of time organization and 

time limitation with only a short delay.!”* 

The concern for the preservation and maintenance of the clocks 
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played an important role in many ecclesiastical constitutions and visita- 

tion reports, in part in connection with the question of salaries for 

sacristans and schoolteachers, in part in the regulations concerning the 

times for services. Among the wealth of regulations concerning the 

location of services at specific times of day, numerous limitations on 

preaching time stand out, since there is hardly a constitution between 

the beginning of the Reformation and the end of the eighteenth cen- 

tury which does not have them, whereas they nearly disappear com- 

pletely thereafter. They also stand out because the duration of preach- 

ing was limited in addition to and independent of the clock-time 

regulations concerning services. Sunday sermons were usually limited 

to one hour, workday sermons to three-quarters of an hour, and other 

sermons to half an hour. For this purpose sandglasses were frequently 

required or recommended. 

Luther often complained about excessively long sermons, “out of 

concern for the children,” whose curiosity, attention, and intellect 

should not be overtaxed. He demanded simple and understandable 
sermons and recommended one hour as a reasonable length. The fol- 

lowing is recorded in the Table Talks as a “dictum Lutheri”: “lengthy 

preaching is not an art, but preaching, teaching, rightly and well, hoc 

opus, hic labor est.”!?° 

These primarily pedagogical reasons for placing time limits on 

preaching were joined in the ecclesiastical constitutions of the subse- 

quent period by a number of other considerations. In part these can 

still be traced back to ideas of the Reformers, in part they were new; 

as a whole, though, they reveal that excessively long sermons were 

a perennial problem. A random selection of examples from regional 

ecclesiastical constitutions can illustrate the variety of reasons why lim- 
itations were imposed on preaching: 

Limitation of the Vespers sermon to half an hour, also so as 

not to deprive the fathers of the house and the servants of 

the time for household chores. (Konigsberg 1568)!%° 

Limitation on preaching so that listeners are not inundated, 

pregnant women are not discomfited, the poorly dressed do 

not freeze, and the poor can prepare their meals. (Thorn 
1560-1570) !31 

“In order that the councilors and officials can come to coun- 
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cil at their appointed hours and the common artisan is not 

kept from his work for too long, also that all listeners are the 

more enthusiastic about coming to church and looking for- 

ward to the blessing.” (Regensburg 1572-1588) !°? 

Limitation on preaching with the admonition “not to bring 

in inappropriate stories or examples.” (Electorate of Mainz 
1656)!33 

A question in the visitation instructions: does the priest 

“preach too long, especially during the week, does he lay out 

unnecessary points of dispute or controversies of the adver- 

saries all too broadly, does he speak at length in unknown 

languages, Greek, Hebrew, and the like, which is an obstacle 

for the simple people?” (Electorate of Saxony 1671)!*+ 

Limitation on preaching lest the listeners lose the neces- 

sary attentiveness and proper devotional attitude; in par- 

ticular, the sermon should not be dragged out through 

unnecessary repetitions and so-called tautologies. 

(Brandenburg-Prussia 1714).!%° 

Additional fines for those preachers who “criticize such 

regulations from the chancel and complain about them.” 

(Brandenburg-Prussia 1717)1*° 

Limitation on preaching with the admonition to refrain 

from all vicious attacks, fairy tales, and controversies that de- 

light in the abuse of others, and to present instead a short 

and apt oration. (Prince-bishop of Mainz to the heads of the 

orders, in particular the Capuchins, Nov. 1789)!%” 

What we note from this small selection is that attention shifted from 

concern for the mental and physical comfort of the listeners to the 

necessary limitation (which was also in the interest of the listeners) 

on the polemical and didactic excesses of the preachers. It is striking, 

moreover, that all limitations as well as inquiries and complaints by 

parishioners concerned excessively long sermons.'** The reverse case, 

the setting of minimum preaching times, is reported only for the 

obligatory conversion sermons for Jews that were ordered by the 

popes. Here is a description from Rome in the Baroque period: 

Jewish sermons (degenerate into comedies), to which mis- 

chief the Jews are encouraged all the more because the monk 
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in his sermon often gives very poor reasons and dwells only 

on the outside rind and shell. Often he also merely reviles 

and harangues the Jews with pointed and shameful words, 

which only incites them to laughter and other mischief; and 

when the hourglass has run out the monk gets back into his 

carriage and drives Oise, 

Limiting of sermons to an abstract time measure first of all makes all 

sermons equal without regard for the occasion of their delivery, their 

content, or importance. It draws boundaries to the eloquence, ambi- 

tion, and vanity of the preachers and forces them to draft their presen- 

tations carefully, with other aids also being furnished to help accom- 

plish this goal. The purpose was to raise the level of the sermons and 

adjust them to the capacity of the listeners to absorb what they heard. 

At the same time one could reduce the risk that zealots would leave 

the solid ground of proper doctrine or that controversial topics would 

get a discussion that was too drawn out.'*° This could also have been 

accomplished — though with considerably more effort—by control- 

ling the content of sermons. Abstract limits, in any case, simplified 

decision-making, because this way one did not have to argue about 

contents, the evaluation of which was a matter of opinion. Stull, argu- 

ments were possible, and setting time limits was thus not an optimal 

mechanism of control in the pursuit of the stated objectives: in the 

case of bad or heretical sermons, time limits at best contained the dam- 

age but were not able to prevent it. However, time limits did make 

possible practicable controls, they facilitated decision-making, and as 

a controlling device they could not easily be applied in an arbitrary 

manner. Since adherence to the prescribed time limits could also be 

checked easily by the listeners, their existence strengthened the posi- 

tion of the latter vis-a-vis the preacher. Thus during visitations the 

length of the sermon was among the points “on which the parishioners 

should be questioned in the absence of the pastor.”!4! Whether the 

hourglass at the chancel had run out was a question the listeners could 
surely answer more easily than questions about theological deviations. 

In addition, abstract time limitations, just like clock-time regula- 

tions, made possible the pursuit of a number of secondary purposes, 
above all regard for other kinds of time demands or the physical frailty 
of the listeners. As minimum times they would also have been suitable 
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as a kind of standard working time for preachers, but there are no 
reports about such a use. On the contrary: the preachers felt cramped 
by the chancel sandglasses, and the theologians and preaching teachers 
supported them on this. One of their arguments was that the word of 

God that became audible through their mediation should not be sub- 

ject to any external limitations.'*? Following the saying of Peter, “I 

labored for an hour or an hour and a half but caught nothing,” they 

“often believed that the quantity of words preached . . . was directly 

related to their success.”!4* They complained about the public, which 

was willing to listen for hours to operas and comedies but objected to 

sermons lasting one hour. The latter was a sign of “an irresponsible 

revulsion for the word of God.”!* It was all in vain. In Prussia the 

limitation on preaching was reinforced by royal decree, and punish- 

ment was even threatened for those who criticized these measures. 

The limiting of the sermon, its proper temporal duration, thus be- 

came in the seventeenth and eighteenth centuries a topic of theological 

and academic treatises, which throw light on many aspects of the pros 

and cons.'*> The line of argumentation seeking to legitimate limita- 

tions was faced with difficulties arising from history. People were not 

entirely unaware that they were picking up on the classical tradition of 

limiting court speeches with the help of a similar instrument. But they 

did not know of the time measures used (and couldn’t have since there 

hadn’t been any), and thus the decisive difference between the classical 

and modern technique of time limitation was invariably overlooked.'*° 
New about the modern form was the objective and precise time limit 

(a defined part of the full day), and an instrument that could be much 

more accurately calibrated. It was only this that made it possible to 

generalize such regulatory techniques and also fix them independent 
of specific instruments. The search for pertinent supportive references 

in the church fathers led to another difficulty that the authors did not 

recognize. To be sure, the fathers did speak of “hora” in connection 

with preaching, but they did so in the old meaning of “time period,” 

“limit,” and at best (unequal) “hour of the day.”'*” However, the equal 

hour, which came into use only in the Late Middle Ages, had already 

become so self-evident in the sixteenth and seventeenth centuries that 

contemporaries no longer remembered the novelty of this method of 

time organization. Even though the church fathers occasionally spoke 

about shortness of time (“angustia” or “brevitas temporis”), the length 
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of the sermon became a problem only at the end of the Middle Ages, 

since the tradition of homilies that were theologically and rhetorically 

elaborated arose outside of the Catholic mass. One strand of tradition 

was the Latin sermons for a clerical audience, which were among the 

prescribed exercises at nearly all universities. Another strand was the 

vernacular penitential, conversion, and Lenten sermons delivered by © 

the monks of the predicant orders. Numerous accounts from the four- 

teenth and fifteenth centuries report that they, in particular, could hold 

the people spellbound for hours at a time.'** The concern of the Re- 

formers that excessively long sermons could keep the people from 

work was consequently directed against such mass sermons. 

It is possible that the abstract time limit and the sandglass as the 

timing device were taken over from the universities or schools of the 

fifteenth century. The “artes praedicandi” of the fourteenth century did 
not know either one. Robert von Basevorn’s Forma praedicand (1322) 

defines preaching as the persuading of many in a limited time; it notes 

the difficulty of setting a precise temporal measure for the sermon but 

goes on to give at least guiding pointers. The time it took for a solemn 

mass with chanting or for a simple mass without chanting is referred 

to as the maximum and minimum duration commonly used in many 

places. In the middle of the fourteenth century, the predicant monk 

Thomas de Waley then recommended as a remedy against verbosity 

that the preacher ask a confidant to give him a sign. One such sign 

could be, for example, that he tug at the preacher’s robe.'4? However, 

a time measure for preaching that was free of subjective judgment was 

evidently unknown. The use of a sandglass made its first appearance 

iconographically, attested once again in the manuscript of the statutes 

of the Collegium Sapientiae in Freiburg. The technique appears to 

have been in common use only at the beginning of the sixteenth cen- 

tury, when Johan Ulrich Surgant recommended that one follow the 

model of eminent preachers and take an hourglass into the chancel as 

a remedy against verbosity.'°° The reformationist ecclesiastical consti- 

tutions made this technique of time limitation obligatory for church 

sermons and ensured its wide dissemination. The Catholic camp con- 
tinued for some time to follow the old recommendations. The Pro- 
vincial Synod of Cambrai (1586) still recommended the careful, non- 
disruptive reminder from a colleague.'5! But soon thereafter the’ 
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60. Hans Sachs, Inhalt zweierlet Predigt. Woodcut by Georg Pencz, Nurem- 
berg, 1529. Vienna, Albertina. 

modern techniques also spread to the chancels of Catholic congrega- 

tions. !5? 

A reformationist broadsheet with two texts by Hans Sachs played 

on this shared practice: the Inhalt zweierley predig (“Content of two 

kinds of sermons,” 1529) shows the speakers “of God the Lord” and 

“of the pope” as vastly different concerning their setting and their re- 

spective audiences (fig. 60). A public that is highly attentive and read- 

ing along listens to the Protestant preacher; by contrast, the Catholic 

preacher faces richly attired, apathetic churchgoers who are fingering 

rosaries. However, when it comes to the time that each has to woo the 

souls of the believers, equal opportunity prevails, as both use the same 

technique of timekeeping. 

From the Late Middle Ages on, the new technical means turned the 

time limits on speeches that were known from classical tradition into 

modern organizational techniques. From this time on the ideal of elo- 

quence also included the measured use of time, and contemporary ico- 

nography of eloquence combined the parrot as the symbol of the art- 

ful mastery of speech with the clock as the symbol of the proper 

measure.!** 
Mechanical clocks, but especially sandglasses, made their way into 

monastic cells and scholars’ studies. I have already noted one of the 

oldest pieces of evidence, a fresco (dated 1352) with a sandglass in the 
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61. Saint Augustine in his study. 

Fresco by Sandro Botticelli (around 

1480). Florence, Ognissantt. 

cell of a writing Dominican friar. Francisco Petrarch subsequently be- 

came the guiding model for the conception of an intellectual way of 

life, for the external and internal conditions of learned activities, as 

well as for the actual way in which studies were furnished and visually 

represented. In his tract De vita solitaria (completed in 1366), in partic- 

ular, he painted the picture of a praying, meditating, and writing intel- 

lectual who, precisely through his learned activities, could arrest the 

swift passage of time (the “flight of the days”) and the brief period of 

life by producing memorable things.'°* Henceforth, symbols of time 

and of transitoriness became permanent props in the chambers of in- 

tellectuals. From that time on, imagined and real rooms — as we know 

also from the many inventories—were furnished with sandglasses, 

sundials, mechanical clocks, and astronomical devices of the most 

diverse kind.'®> Classic iconographic loci are the depictions of the 

learned church fathers Jerome and Augustine (fig. 61), but in very gen- 

eral terms these props became typical for the depictions of scholars 

from the sixteenth century. Beginning in the late fifteenth century, pic- 

tures of studies that include a sandglass are almost too numerous to 
COUL Gs 

These timekeepers were meant as a reminder of time and transitori- 
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ness in general, and especially of the limit to one’s lifetime. In this 

respect they are also part of the early history of the so-called vanitas 

pictures. But as “pedagogical instruments” and as “tools of the spirit” 

they also stood for ascetic self-discipline and for the sensible arrange- 

ment of scholarly work. We must bear in mind, however, that these 

were modern aids and demonstration devices also from the contempo- 

rary perspective. This becomes clear indirectly from Petrarch’s ideas 

about intellectual work, when he writes that the person in seclusion 

spends his time with the praise of God, liberal studies, and the recollec- 

tion of new and old inventions.!°7 

I fail to see—as some scholars have—a connection between the 

depictions of studies with their props and “objections to the time 

standards set up by usury and merchant capital” and “a feudal- 

restorationist opposition to the bourgeois concept of time.”!5* Rather, 

the techniques of study and asceticism made use of modern technical 

means and thus belong in the sphere of modern time standards and 

time organization techniques. We need only recall the well-known ex- 

amples of modern forms of asceticism, with divisions according to 

hours, half and quarter hours, and with the rendering of daily accounts 

and reviews of progress by weekly and hourly schedules in the diaries 

and “Spiritual Exercises” of Ignatius of Loyola (died 1556).!°° Insofar as 

we can speak of new conceptions of time and new standards of time — 

whether or not we call them “bourgeois” — bringing in the sandglass 

in opposition to the wheeled clock as an expression of old conceptions 

of time or time standards is simply anachronistic. Both clock types 

were in fact devices which, simultaneously and side by side, made pos- 

sible innovations in the area of temporal organization. 

Greater precision, the setting of time limits, coordination 

The transformation of the urban pattern of time, which began concur- 

rently with the diffusion of public clocks in the late fourteenth century, 

was not the result of political decisions. We cannot identify powers or 

interests that worked either to promote and accelerate the transforma- 

tion or to obstruct it. Instead, the change in the temporal order was a 

largely anonymous process that began with many small steps in vari- 

ous and mutually independent spheres of urban life. Temporal order 

can thus be understood as the process of the modernization and in- 
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creasing density of regulations concerning the organization of time. 

As a phrase describing a state of affairs, “urban temporal order” is only 

a retrospective heuristic concept. Within the imagined interconnected- 

ness of all public municipal time regulations, one can use it to trace 

the unifying effect of public clocks as the center of a modern temporal 

system of reference and the development of similar techniques of tem- 

poral organization. In the narrower sense one can speak of a temporal 

order as a state of affairs in those areas in which both of these aspects 

were applied from the very beginning and in a systematic manner, for 

example, in hourly schedules for schools. 

Calling the transformation of time structure an “anonymous” pro- 

cess means that contemporaries were not aware of the panoply of inno- 

vations in temporal organization. Questions of time in a very broad 

sense became topical during the process of transformation, but the 

conversion of a great variety of individual organizational problems 

into time problems that made possible sufficient or appropriate solu- 

tions usually occurred unconsciously. Anonymity does not mean that 

contemporaries failed to note any changes at all, for example, differ- 

ences between city and countryside. Moreover, the emphasis on the 

communal clock in pictures and methods of dating can be understood 

as a symbolic assimilation of this transformation. 

If we trace the diffusion of the new clocks and the use of the new 

hours simultaneously, it becomes clear that the innovations assumed 

two different, though not unrelated, forms: regulations by means of 

continuous time indication, and regulations which, independent of the 

indication of the time, used only abstract time limits. Since the spread 

of minute-indicating clocks in the nineteenth century had the result 

that the setting of times and of time limits can be done at any desired 
point with a single timekeeper, it is easy to forget that up until the end 
of the eighteenth century two kinds of regulation used two kinds of 
instruments: the clock and the sandglass. 

One side of the innovation lay in the greater precision imparted to 
customary time indications with the help of clock-times. Indications 
of clock-time were always steps of increasing abstraction away from 
the temporal reference system of daylight, on the one hand, and the 
urban ringing of the old type, on the other, which was dependent on 
daylight and the division according to the Canonical Hours. Here we 
must bear in mind that the term precision is relative and that we must 
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not impose on it modern notions of accuracy. Owing to the primitive 
technology of the tower clocks, there were, up to the end of the fif- 

teenth century, limits to changes in the qualitative experience of time. 

Until that time we are talking about nothing more than the continu- 
ous indication of equal hours in numerical succession. Thus when we 

hear about a “certain time” or “certain hour,” this could mean a num- 

ber of things: the reliability of the time signal independent of daylight 
and weather; the fixation of a time on the abstract and always equally 

long temporal axis of the full day; the setting of a time for situations 
that had previously not been regulated at all, or in a way that was 

temporally vague or entirely unrelated to time. 

The other side of the innovation was abstract time limits with the 

help of inexpensive, quiet, and relatively accurate sandglasses. The 

most common calibrations were one hour or a quarter-hour, though 

other fractions of the hour or running times of several hours were also 

used. On the time axis of the hours of the day, sandglass times were 

“sliding times” with a variety of practical advantages. The beginning of 

the timed period could be adjusted to any event or activity. Meetings, 

speaking times, work breaks, production processes, but also cooking 

times could be begun independent of the stroke of the clock and yet 

they could be precisely timed and also interrupted. 

The following were the decisive advantages for the spread of abstract 

time limits: transferability or generalizability, since these time mea- 

sures, unlike those in sundials, water clocks, or candle clocks, were 

independent of concrete devices; controls that were easy and could 

be carried out by anyone, which made possible just sanctions free of 

controversy; neutrality in regard to the organizational goal and hence 

the possibility of pursuing very different purposes simultaneously. 

The new range of organizational possibilities that set the tone of 

urban life to the end of the eighteenth century was developed, tested, 

and introduced by about 1450, within a space of two generations. 

To the changes in those spheres of life that stand out for the early 

application and/or the special intensity of innovations in temporal or- 

ganization we can easily add observations from other areas. Numerous 

regulations of gate closing and curfew times translated customary rules 

based on daylight into clock-time regulations, though without consid- 

ering the conceivable separation from daylight. To be sure, in the eigh- 

teenth century a whole series of gate-closing regulations were renewed 
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with clock-time stipulations that were frequently very carefully differ- 

entiated, the reason being that the fee (“Sperr-Geld”) for opening the 

gate outside of these times had been discovered as a source of revenue 

for the city treasury.!©° But it was only the development of housing 

settlements and industrialization in the nineteenth century that quickly 

made all gate-closing regulations obsolete. The city as a sphere under 

one time signal and daylight as the common temporal framework for 

public city life had ceased to exist by the beginning of the nineteenth 

century. 

The distribution of scarce goods was regulated in many different 

ways through the allocation of time, whereby the type of regulation 

was no different from the market time regulations we have discussed. 

Reference shall be made only to the allocation of time for the use of 

running water to millers, raftsmen, and tanners, where classical and 

Islamic customs of distributing water were revived with new tech- 

niques. '°! 

The urban public excluded some of its members from access to the 

urban space at specific times. This concerned restrictions on Jews dur- 

ing certain feast days or certain mass times.'°? These measures also 1n- 

cluded time limits for permitted begging, whereby it was possible, for 

example, to privilege local, registered beggars over foreign beggars 

with the help of ciock-time regulations.1° 

Vivid examples for the translation of difficult problems of material 

supervision into simple time-control problems are furnished also by 

the municipal and territorial festal regulations for baptisms and wed- 

dings. Here the authorities, driven by reasons of social policy, morality, 

and fiscal policy, sought to set limits to the material expenditures and 

ethical misconduct of the burghers or subjects. Limits were set to the 
total cost, the number of guests, the value of the gifts, the number 
of dishes served, and the conduct when drinking or dancing. These 
regulations were usually quite detailed, but it was hardly possible to 
police adherence to them effectively. In addition to the translation of 
the long customary wine bells into modern curfew hours, beginning 
in the fifteenth century there appeared other time regulations that de- 
termined precisely the timing of ceremonies and the time or maximum 
duration of meals and dances.! Instead of counting guests or looking 
at their plates and into their cups, authorities simply fixed the temporal 
location and duration of the various parts to the festivities. This mea- 
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sure, which was of only limited effectiveness in terms of the purpose 
of these controls, proved to be an almost optimal device because of 

the possibility of policing it. However, it appears to have been part of 

the wedding customs, at least in the sixteenth century, to bribe the 

sacristan into changing the time on the tower clock.!® 

Setting time limits on torture 

The limitation on the degrees of torture that was widely discussed in 

learned judicial tracts from the sixteenth to the eighteenth centuries 

also turns out to be the translation of material control problems into 

procedures of time control. Beginning in the thirteenth century, the 

accusatorial trial, the purpose of which was to prove the accusation of 

the plaintiff by means of witnesses, oaths, or ordeals, was replaced by 

the inquisitorial trial, the purpose of which was to investigate the facts 

and determine the material truth. That is why the confession of the 

accused acquired increasing importance if the evidence was only cir- 

cumstantial. From the thirteenth century on, torture as a means of 

extracting a confession was more and more widely used in central Eu- 

rope, less so in England.!°° 

At first an unsystematic practice, torture was developed in the four- 

teenth and fifteenth centuries along with the inquisitorial trial. In 1215, 

Pope Innocent IV authorized its use in inquisitorial trials, and the ini- 

tially unregulated and arbitrary practice of torture was put down in 

writing along with the procedures of the inquisition. Under the influ- 

ence of Roman law and Italian jurists, a regulatory system was devel- 

oped in which torture was permitted, among other things, only for 

crimes subject to corporal or capital punishment, and only if there was 

strong circumstantial evidence or eyewitnesses whose testimony gave 

grounds for strong suspicion. In Germany it was initially the “Bamber- 

gische Halsgerichtsordnung” (Bamberg Rules of the Criminal Court) 

(1508), and later, and with far more influence, the Constitutio Crim1- 

nalis Carolina (1532), issued under Emperor Charles V, which tried to 

translate the traditional demands for moderation in torture into usable 

procedures. The legal codes did not change local practice immediately; 

instead, they were subsidiary, that is to say, they gradually acquired the 

force of law where other regulations were absent or were reformed 

or adapted. According to paragraph 58 of the Carolina, “torture (“die 
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peinlich frag”) should be applied, depending on the suspicious nature 

of the person, frequently, often, or little, harshly or mildly in accord 

with the judgment of a good and reasonable judge.” Therefore, as all 

later commentators point out, judges were to take into account the 

severity of the crime, the weight of the circumstantial evidence, and 

the physical condition of the delinquent when ordering the use of tor- 

ture. This was no easy task: on the one hand torture could not be 

applied twice unless there was new evidence; on the other hand judges 

were criminally liable if the use of torture was excessive. One way of 

compelling moderation, checking abuses, and making it possible to 

control both was the quantitative regulation of torture according to 

degrees of severity, whereby the commentators usually distinguished 

either three or five degrees. In the first degree, the “territio,” the ac- 

cused were threatened with the use of torture and then shown the 

torture chamber and the instruments. In the second degree they were 

supposed to feel the pain, for example, by being briefly pulled up by 

their hands which were tied behind their backs. In the third and fourth 

degree these procedures were intensified by striking the rope, adding 

weights, and using fire and cold water. Such intensification was per- 

missible only against those suspected of extraordinary crimes, such as 

treacherous murder, theft of Church property, the killing of ecclesiasti- 

cal dignitaries and secular princes, incitement to rebellion, and heresy. 

The goal was to extract a confession; if possible the accused should 

suffer no permanent injury, for they were supposed to repeat their con- 

fession after the torture in a clear state of mind, and only after this 

would they be sentenced and punished. 

The second approach to moderation that was widely discussed since 

the beginning of the sixteenth century was the quantitative regulation 
of torture according to time. Its origins, presumably in Italy, are not 
entirely clear. Paulus Grillandus recommended one Paternoster, one 
Hail Mary, or one Miserere as the time measure for the brief hoisting 
up in the second degree; in the third degree the hoisting should last 
two Miserere or somewhat longer; in the fourth degree it should last 
one-third, one-quarter, one-half, two-thirds of an hour, or one hour.!® 
The new method of time limitation was given a boost by a bull of 
Pope Paul II (1548), in which he prohibited the wardens in the Roman 
prisons from torturing for more than one hour in normal cases. Pietro 
Follerio, who was commenting on Neopolitan statutes, invoked Bal- 
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dus de Ubaldis (died 1400) when he recommended the use ofa sand- 

glass (Campollecta”) for the observance of these limits. In the writings 

of the jurists we can subsequently trace the gradual refinement of this 

procedure. Hortensio Cavalcani demanded the setting up of a sand- 

glass (“horologium pulverinum”) before the eyes of the judges in or- 

der to control the quality and quantity of torture; before the eyes but 

not within sight of the delinquents, who, according to Tranquillo Am- 

brosini, had begun to ask: “Hey! How much longer for the clock 

to run?” In 1706, Johann Valentin Kirchgefner, the Most Princely 

Chancery Registrar of Wiirzburg, also desired to see torture limited 

to one hour per day and have this limit “accurately observed” with a 

sandglass, and he suggests, moreover, invoking authoritative writers, 

that judges be suspended in the torture for no less than fifteen minutes 

so they might feel what it was like. 

Word of the disadvantages of objective time controls gradually 

spread. Some complained, for example, that thieves preferred to be 

tortured in Saxony, where it was done according to the time. The 

short-lived Constitutio Criminalis Therestana (1769-1787) therefore stip- 

ulated that one should make it impossible to endure the dark hours 

of torture by not informing the accused beforehand of the intended 

torture procedure and thus of its length. Against “strong people,” 

though, and against “obstinate Jews accustomed to denying things,” 

it was permissible to extend the torture over several days.!©* However, 

those who were tortured the most were the least protected by the pro- 

cedures for moderation through time limits. Witchcraft was regarded 

as an extraordinary crime, where torture was allowed to exceed all stip- 

ulated measures. Protocols of witchcraft trials reveal everywhere that 

the learned commentaries regarding the degrees as well as the duration 
of torture were not worth the paper they were written on. We don’t 
have to search long for accounts by notaries about cruelties that vio- 
lated the rules and about tortures that went on for hours and days. 1°? 
After the witch craze subsided, this cruelty did not by any means wane 
everywhere. In the Netherlands, in the Spanish parts of which the Car- 
olina had no force, several hundred victims were tortured to death in 
the eighteenth century in extremely long sessions; during the final de- 
cades the notaries furnished the protocols of torment with indications 
in minutes. In other cases, however, delinquents survived even twenty- 
four hours under torture and thus saved their necks.!”° The topic of 
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the limitation of torture, as well as the practice of torture itself, was 
rendered obsolete in the late eighteenth century through the advance 
of the concept of the discretionary assessment of the evidence by the 

judge and also through the humanitarian criticism of the enlighteners. 

As early as the fifteenth century we also find the first reports that 

clock-time punctuality at tournaments and shooting contests was de- 

manded not only of the participants; a new, objective time measure 

was imparted to the individual rounds of a contest by means of sand- 

glasses. We hear this, for example, from Olivier de la Marche in his 

account of the tournament games on the occasion of the marriage of 

Margaret of York and Charles the Bold of Burgundy in Bruges in the 

year 14.68. Sport as the contest for speed and the quest for time records 

began much later at the horse races in England, where in the seven- 

teenth century running times were recorded by minutes and minute 

fractions. Reports of stop watches and times taken to the half second 

reach us once again from England from the middle of the eighteenth 

century. Only the technological leap in the building of precision clocks 

has, since then, turned record lists into eternal records of seemingly 

unlimited acceleration.'7! 

Temporal orders of a special kind are also the numerous court and 

chancery statutes issued in the sixteenth and seventeenth centuries. As 

attempts to set a “house” in “order” in a comprehensive way, they are 

certainly comparable to the ecclesiastical constitutions and territorial 

administrative statutes, and in part the regulatory material overlaps. 

They differ from the state of affairs I have called the urban temporal 

order primarily in that they did not arise gradually in many different 

areas, but sought to organize court and chancery according to a uni- 

form design. In this they resemble the school statutes, though in re- 

spect to the daily routine of household members and employees the 

approach was usually far more thorough. As registers of offices, court 

and chancery statutes regulated not only who had to do what, but also 

when everybody had to work, eat, or simply be present.’ 

During the first century of the diffusion of public clocks, most mod- 

ern time regulations in the urban sphere can be assigned to two types: 

“fixing the time” and “setting time limits.” Even where modern time 

fixations merely specified old daytime regulations with greater preci- 

sion, with no observable objective need for more precision, the status 
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of the regulations changed imperceptibly. When venerable old fixa- 

tions—in part natural ones, in part connected to bells—were given 

clock time, they appeared as social fixations. Progress in precision 1s 

also progress in the possibilities of change and conflict. Wherever 

clock-time regulations appear as the results of conflicts over temporal 

fixations, they produce unequivocal organizational forms that were 

largely removed from the arbitrariness of particular interests and were 

also capable of being changed.!7° 

Greater possibilities of changing regulations encounter limits, how- 

ever, when regulations arise that involve “coordination,” regulations 

that have become part of complicated timing patterns. To be sure, the 

potentially endlessly complex temporal orders of the nineteenth and 

twentieth centuries, made possible in principle by clock-time regula- 

tions, were still a long time away, and we cannot yet speak of an “ava- 

lanche effect of temporal fixations” (N. Luhmann). Still, early stages 

of processes of temporal coordination, which led to time commit- 

ments that could no longer be easily revised, can certainly be detected 

in the realms of the church and the schools. Many different indirect 

repercussions for the urban temporal order came, for example, from 

regulations that set the time of the main religious service apart by pro- 

hibiting many activities in the city during this time: selling, games, 

tavern visits, later also taking walks and driving carriages. Added to 

this were the requests not to schedule any committee meetings during 

this period, if possible, and not to ask for compulsory labor services. 

If the regulations also called for the closing of the city gates during the 

time of the main service on Sunday, all possibilities of an individual 

disposition of time were suspended for a while. In the larger cities the 

great number of services in the various churches necessitated careful 

time-coordination. This involved problems that were in part quite old. 
Parish churches had to defend themselves against competing mass- 
times especially from the churches of the mendicant orders. Questions 
of jurisdiction and rank merged with quarrels over income and dona- 
tions. Temporal order thus also meant the balancing of financial in- 
terest. Another perennial topic, which played a large role also in Prot- 
estant ecclesiastical constitutions, was the time of weekday services, 
which were to be located such as not to interfere with the worktime 
of city dwellers.'”* To the extent that after the Reformation church 
spaces had to be used by both confessions, additional temporal fixa- 
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tions were necessary. Here, too, it could happen that the confessional 
parties accused each other of manipulating the clock.!75 

A new practice was the temporal fixation of baptisms, weddings, 

and funerals, with the Protestant constitutions preceding the Catholic 

ones only chronologically. Two different goals were being pursued by 

this move. As was the case with the festal and sumptuary regulations, 

decency dictated that parishioners came to these ceremonies in a sober 

state and did not disturb the other schedule of services with requests 

for baptisms and funerals. In addition, these times had to be coordi- 

nated with school times. One issue was the fact that in the smaller 

cities the same people often held several posts. Priest, cantor, and sac- 

ristan were also teachers at the municipal school; teachers and sacris- 

tans were also town clerks and were, in addition, frequently charged 

with maintaining the public clock. “To the schoolmaster 20 gr. for set- 

ting the clock” — such notices are found with great frequency, for ex- 

ample, in the visitation reports since the first years of the Reformation. 

Complaints about this onerous additional task that was held in low 

esteem are heard until the end of the nineteenth century.!”° Another 

reason why times for services and school had to be coordinated was 

that the students provided the church choir that was indispensable for 

the main services and funerals. “In order that the students do not miss 

any classes,” the ecclesiastical constitutions constantly urged that ser- 

vices end punctually and that funerals be held in the early afternoon. 

In spite of such examples, temporal regulations that are explicitly 

coordinating in nature remain relatively rare in late medieval and early 

modern cities. The potentially endless differentiation of time struc- 

tures “internally” that clocks made possible in principle was realized 

only in rudimentary form. 

But clocks also expanded the physical space in which a temporal 

order was applicable beyond the zone delineated by acoustic or optical 

time indication: they made possible the coordination of temporal fixa- 

tions independent of the time signal. Virtually none of this was put 

into practice. All the small steps of abstraction and innovations in time 

organization I have described remained literally “under the bell tower.” 

Only in the eighteenth century do we begin to note that people were 

becoming consciously aware of the possibilities of coordination also 

beyond the boundaries of the “urban monads.” For example, in his 

Historie der Kirchenceremonien (1772), Christian Gerber discussed the 
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possibility of detaching the temporal order from the accustomed sys- 

tem of urban signals: “Those who are far away, say in villages, . . . 

cannot, after all, hear the bells, especially when the wind carries the 

sound in the other direction; they must therefore go by the clock and 

the hour to know when mass usually starts.”!”7 Adherence to a clock- 

time regulation outside of the reach of a certain public time signal 

became a part of everyday conduct only in the age of the train, which 

was at the same time an age of the private ownership of clocks. Up 

until the beginning of the nineteenth century, life by the clock re- 

mained simultaneously a life under the urban bells. 

Time-measurement and “scientia experimentalis” 

The transition to the continuous indication of equal hours was a tran- 

sition to a system of reference that was more abstract with respect to 

the period of daylight though not yet completely detached from it. 

The equal hour as a time period was one step in the direction toward 

abstract, measurable, and—to that extent— more objective time mea- 

sures. Of course it is necessary to point out the boundaries of these 

innovations that were not yet crossed in the Late Middle Ages. The 

“time of the cities” was not yet the abstract or mathematical time of 

the sciences. 

Misunderstandings in the historical literature arise when one fails to 

realize that up until the end of the sixteenth century, the clock-hour 

was the twenty-fourth part of the full day or the twelfth part of the day 

or the night at the two equinoxes. In everyday life this hour was di- 

vided into halves, thirds, quarters, sometimes into twelve parts, but 

it was not divided by sixty or understood as the period of sixty 
minutes.!78 

The great scholarly syntheses from Lewis Mumford to Alistair C. 
Crombie continuously repeat— invoking the work of Lynn Thorn- 
dike—that the division of the hour into sixty minutes and of the 
minute into sixty seconds had become customary as the framework of 
thought and action as early as 1345.!”? However, at least until the end 
of the sixteenth century one simply cannot talk of a customary use of 
minutes, let alone seconds. Minute and second indications — and this 
is also the only way in which Thorndike’s evidence can be under- 
stood — are found only in theoretical discussions and in astronomical 
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or astrological time indications. They were ancient and theoretical but 
not measurable time units. Clocks that indicated minutes might have 
existed at the end of the fifteenth century, though we have no reliable 
reports about this. 

If we were talking only about everyday linguistic usage in the Late 

Middle Ages, this correction would be of interest only to specialists. 

But such small misunderstandings become misjudgments of consider- 

able magnitude when it comes to the history of ideas and conscious- 

ness. The conventional thesis, as formulated by Crombie (who is 

drawing on Mumford) in his book Augustine to Galileo, reads as fol- 

lows: “The invention at the end of the 13th century of the mechanical 

clock, in which the hands translated time into units of space on the 

dial, completed the replacement of ‘organic’, growing, irreversible time 

as experienced by the abstract mathematical time of units on a scale 

belonging to the world of science.”!®° 

This thesis has problems that are typical of many discussions of the 

change in time consciousness: with a view toward the final outcome it 

severely condenses the actual historical process, and it treats the experi- 

ence of time and the scientific conception of time—in modern par- 

lance: the subjective sensation of time and “objective,” physical con- 

cepts of time—on one and the same level. Moreover, one gets the 

impression that linear conceptions of time —here infelicitously called 

“organic” — were replaced by discrete conceptions. For example, Dan- 

iel C. Boorstin, in his book The Discoverers (a popular synthesis), ex- 

plains that once clocks had become common, “people would think of 

time no longer as a flowing stream but as the accumulation of discrete 

measured moments.”!*! While the ticking clock makes such ideas plau- 

sible, they remain far removed from the historical developments of 

consciousness at that time. 

In an essay on the problem of quantification in medieval physics, 

Crombie formulated his theses more precisely and modified them: be- 

ginning in the High Middle Ages, efforts toward quantification were 

stimulated, on the one hand, by the biblical phrase that God “has 

ordered all things by measure and number and weight” (Wisdom 

11.20),!8? and, on the other, by the concept, borrowed from Platonic 

philosophy, that the universe was rationally created by God mathemat- 

ically or geometrically, and that it was therefore comprehensible ac- 

cording to mathematical or geometric rules.'** For Crombie this poses 
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two different levels of investigation for a modern inquiry: that of quan- 

titative theories and models, and that of quantifying procedures and 

measuring units and scales, that is, the level of counting, measuring, 

and weighing. 

Medieval physics was primarily concerned with the theoretical 

explanation of the world and the translation of qualitative descrip- 

tions into quantitative relationships. On the level of theory, however, 

measures, numbers, and weights were of interest only as relationships 

such as bigger-smaller, slower-faster, harmonious-unharmonious, or 

proportional-nonproportional. It is from this perspective that we must 

understand the quick reception of the mechanical clock into the arsenal 

of the metaphors and models of the natural scientists and theologians. 

The demiurge-God became a clockmaker-God, and the “machina 

mundi” became the clockwork-like universe, and the starry heavens, 

the ideal clock. In these texts the clock stands for a fixed order, for 

impulse-free, even movement, for the harmonious coordination of 

seemingly contrary movements or the balancing of movements of 

varying speed, for an elaborate artisanal contrivance or in general for 

an ingenious machine.'** In addition, clocks served as the drive for 

heavenly models that illustrated astronomical theories. In the four- 

teenth century, the clock, as an ideal timekeeper, was used by late scho- 

lastic discussions on the concept of time as an example, but it never 

played a role as a measuring instrument. The early clocks were simply 

not suitable for such a use. Measurements or experimental verifications 

of theoretical statements were of little interest to the sciences that were 

pursued at the universities. 

Measurements were made — largely without any connection to the- 

ories— only where there was a demonstrated practical need, for ex- 

ample, in astronomy for calendric calculations, in navigation, in sur- 

veying, and in mining. According to Crombie, it was thus not the 
universities but practical requirements which promoted the quantifi- 
cation of space and time in the experienced world. This hypothesis, on 
the whole plausible and supported by subsequent studies,'** has only 
one minor flaw: with respect to the quantification of time it bases itself 
once again on the legendary ordinance of Charles V.'8° The sources on 
clock-use and abstract time-measurements, by their very scarcity alone, 
substantiate Crombie’s thesis of the minor importance of practical 
time-measurement in the late medieval sciences. In only a single in- 
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stance from the middle of the fifteenth century do we hear about an 
attempt to draw water samples at two different thermal springs at a 
specific hour of the day which was determined with the help of a 
clock.'*” From the end of the century a report exists on the use of 
a mechanical clock for temporally limited astronomical observa- 
tions.'** Suggestions for using mechanical clocks to determine degrees 

of longitude at sea date only from the sixteenth century;'*? however, a 

solution to this particular problem was not found until the eighteenth 

century. At the level of scientific concepts, too, clocks and equal hours 

did not yet play a role in the sciences of the fifteenth century. I shall 

illustrate this with an example. 

In the middle of the fifteenth century, physicians picked up a sugges- 

tion from Greek physicians in antiquity to supplement the qualitative 

descriptions of the pulse, which was based on the prevailing teachings 

of Galen, with quantitative descriptions, that is, to count the pulse. 

Temporal categories like “fast” or “slow” were also known in the classi- 

cal doctrines on the pulse, but they were only subjective and empirical 

categories like “faster than normal based on experience,” or they 

expressed relationships such as “fast movement” as against “short 

pauses.” Around 1450, Michele Savanarola, professor of medicine in 

Padua and Ferrara, proposed in a tract on the pulse to determine the 

difference between the pulse of a healthy person and that of a sick 

person as the difference in the pulse rate. He evidently did not know 

of a suitable time measure for the pulse rate and thus recommended 

instruction by musicians in conductor’s tempo. He was confident that 

this could be learned in eight hours (!).!°° However, at this time men- 

sural music did not yet know an absolute time measure; instead, it 

used a system of tempo levels that was built up proportionally and 

learned by practice. Still, it seemed to Savanarola a sufficiently “objec- 

tive” time measure to determine the pulse rate. At this time Nicholas 

of Cusa also recommended counting the pulse and breaths of healthy 

and sick people for making diagnoses and prognoses. Following classi- 

cal suggestions, a clepsydra was to be used for this purpose. For the 

duration of one hundred breaths or pulses (not pulse beats!) each, the 

narrow outflow spout of a clepsydra should be opened and the water 

collected in a basin. While the pulse was counted here, it was not 

counted for a given time unit but up to an arbitrary number. The unit 

of measurement was not a time measure but a volume measure or a 
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weight, for Nicholas suggested comparing the collected amounts of 

water by weighing them.'*! Scale and water clock were to be used also 

for determining the weight of air through falling experiments, the 

depth of unknown bodies of water through the rising time of floats, 

the speed of ships, the running speed of people and animals, and astro- 

nomical data such as the relationship between the lengths of orbits 

and the diameters of planets (see chap. 2, Clepsydrae and scientific 

measurements).!%2 The “experimentalis scientia” projected by Nicholas 

of Cusa was to expand human knowledge through individual, contin- 

uously recorded experimental steps of measurements and comparison. 

But the suggested experiments do not fall outside the bounds of the 

armchair experiments of classical and Islamic textual tradition. For ex- 

ample, the procedure for measuring unknown depths of water, which 

is also suggested by Leon Battista Alberti and Giovanni Fontana, 1s 

found in the MS Ripoll 225 from the eleventh century as well as in 

other astrolabe tracts. How far these experiments were from actual 

practice is revealed by the fact that the problems of the outflow calibra- 

tion of simple water clocks, well known in antiquity as well as in 

China, seem to have been simply forgotten. These suggestions also 

overlook that such measurements were feasible at best in concrete situ- 

ations and were not suitable for documentation. Even more important 

to Our questions is this: what comes into view are only relations and 

proportions, and not abstract time measures that were made possible 

by the use of mechanical clocks or sandglasses and were thus docu- 

mentable in the long run. Although clocks and modern hours were 

certainly known to these authors, they do not appear in their scientific 

discussions. Only Giovanni Fontana seems to have worked on the fur- 

ther development of both types of clocks and on the construction of a 
stopwatch needed for such measurements.!?? But whether time mea- 
surements were carried out on physical phenomena in the fifteenth 

century seems very doubtful also in this case. 
If we follow the history of pulse measurement further, it becomes 

clear by what circuitous and protracted paths modern time- 
measurement gained access to scientific theory and practice. At the end 
of the fifteenth century, music theorists began to search for an obliga- 
tory time measure for notes, suggesting first the pulse, and then, from 
about 1530 on, mechanical clocks.!®* Girolamo Cardano used the pulse 
in 1570 for astronomical time measurements and established a relation- 
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ship between the length of the moon’s orbit during one hour and the 

distance it traversed between two beats. As the basis for his calculations 

he took the fairly accurate value of four thousand beats per hour.!> In 

1583, Galileo checked the regularity of the swings of a thread pendulum 

at first by the pulse. Only later did he arrive at the reverse concept, 

that of determining the rate of the pulse with the help of the swings 

of a pendulum.'*? As late as 1604, Kepler, too, explained a problem of 

determining an astronomical time by the duration of a pulse. Not until 

1618 does he report accurate pulse measurements in healthy and sick, 

old and young people.'”” Only from this time did it become customary 

to take pulse measurements per time units and, with the appearance 

of minute-showing clocks, use them in medical practice. 

This short look at one slice of the history of science shows that tech- 

nical limitations as well as weighty conceptual reasons explain why the 

innovations we have discussed gained entry into the realm of the sci- 

ences only with a considerable delay, unlike what took place in the 

sphere of public urban life. Theses that establish a direct connection 

between the development of physical conceptions of time and the 

diffusion of mechanical clocks in the Late Middle Ages are thus not 

tenable. Norbert Elias has also pointed to this late “emergence” of the 

concept of “physical time.”!°8 Only since the “Scientific Revolution” in 

the middle of the seventeenth century can one speak of experimentally 

quantifying scientific procedures and of conceptions of time as a scaled 

continuum of discrete moments.'”” 
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Work Time and Hourly Wage 

Work time has been one of the great themes of social conflict since the 

beginning of industrialization. At first the struggle was over the length 

of a working day, which, under the dictate of the “economy of time,” 

had been inhumanely lengthened in many places when the age of the 

machine began; only after fierce conflicts at the end of the nineteenth 

century was it gradually reduced to the “normal workday.” However, 

the new concept of the “economy of time” that arose along with work- 

shops and factories did not concern primarily the length of work time, 

but above all its regularity and intensity, and thus the preconditions 

for its efficient economic use. These aspects have been widely discussed 

in the last decades under the catchphrases “social disciplining” and “the 

loss of individual control of time.” 

A broad consensus has emerged that work in the factories made en- 

tirely new demands on the rural population, which was used to an 

uneven volume of work and uneven workloads. Part of the problem 

was supposedly also that money wages alone were not enough to mo- 

tivate this population to continuous paid work over and above what 

they subjectively determined to be the necessities of life. Only over the 

course of several generations, by means of compulsion and then also 

through internalized norms of productivity, did the adjustment to 

these new, more strongly regulated, and more intensely demanding 

work rhythms succeed. This recent European development has be- 

come, unawares, the model case for the path from an agrarian to an 

industrial society, and the accompanying problems appear as the typi- 
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cal problems also of countries that still have the transition to our type 

of industrial society ahead of them. This whole concept is so plausible 

that objections — be they against its view of modern European history, 

be they against the interpretation of the problems of the “world in 

transition” — are rarely voiced.! After N. McKendrick, S. Pollard, and 

K. Thomas described the factory-industrial disciplining also, and 

above all, as a process of disciplining in the everyday handling of time, 

E. P. Thompson, in a famous essay, raised the question of to what 

extent the changes in the perception and apprehension of time which 

preceded industrialization prepared for the adaptation to the new de- 

mands to such an extent that they could become, in spite of all initial 

resistance, the “second nature” of the inhabitants of Western Europe.’ 

His answer was that the revaluation of time into a commodity was the 

product of a marriage of convenience between the ethic of Puritanism 

and industrial capitalism. The key for the discussion of the change in 

the conception of time was also for Thompson the social use of time- 

keeping. Jacques Le Goff’s essay on “Church’s time” and “Merchant’s 

time,” in which the communal clock is described as “a distant precur- 

sor of Taylorism,” extended this perspective back into the Late Middle 

Ages.* Le Goff addressed the problem of working time in another es- 

say, describing the victory of modern time-reckoning as the adjust- 

ment to an altered economic situation, or more precisely: to the 

changed conditions of urban wage labor.* 

Time for sale: The working day 

For the large majority of workers in the Middle Ages, working time 
was not limited or measured, but was determined either by the de- 
mands of the peasant economy or by custom and authority. Within the 
boundaries drawn by tradition, the work rhythm and work intensity of 
the manorial lord, the master, or the master of the house determined 
directly the duration and intensity of the work of all subordinates. 
Work outside the house was usually farmed out as job orders (“ad 
tascam”), sometimes with a delivery or completion time attached, 
though not with working time regulations. Codified working time 
regulations are thus found only with the organized guilds and for the 
initially small group of wage laborers who were almost always em- 
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ployed on a daily basis. The customary word was “dieta”; derived from 
a measure of distance, it described in the fourteenth century, apart 
from a daytrip, a rural day’s work or in general a daily quota or a 

day’s wage. 

The selling of “one’s own time” as a period to be used by others was 

considered theologically acceptable in the Middle Ages, in contrast to 

the selling of “time belonging to all,” for example, in expectation of 

interest profit.> Work time that was for sale or owed because of an 

unfree status could be measured in years, weeks, days, or half days. 

With respect to the intensity or result of work, labor for a day’s wage 

was considered “unmeasured” right up to the eighteenth century.° 

Work assigned on the basis of a day’s wage is a quantity that is 

difficult to calculate. In part this has something to do with the number 

of yearly working days, a number that is important for the estimate 

of average incomes but one that can hardly be generalized. Assuming 

continuous employment —a fictitious assumption since it rarely ap- 

plied — most studies posit about two hundred and sixty working days 

per year. On average this yields a five-day week, whereby we must also 

take into consideration that feastdays and half feastdays were very un- 

evenly distributed across the year.” A large number of pertinent stat- 

utes attest unequivocally that from the thirteenth century, at the latest, 

the problem of what constituted the time of a day’s work led to con- 

flicts in many cities. And here we can distinguish two types of conflicts 

and two forms of regulation. There were, first of all, conflicts among 

guild members involving guarantees of working times of equal length 

and thus of equal earning opportunities. The resulting regulations of 

working time were part of the arsenal of guild measures to reduce 

competition, measures which also included, for example, controls on 

weights, measures, and quality, and restrictions on the number of ap- 

prentices or looms. They further included regulations about the mini- 

mum time that had to be spent for the production of one unit of a 

certain product, or about the maximum number that could be pro- 

duced during a certain time period. More frequent, however, were 

conflicts and regulations in connection with the working time of labor- 

ers who received time wages. Since the wages were often paid out on 

Saturdays, these laborers were in fact weekly wage earners; but since 

the rates were generally calculated by the workday, it makes sense to 
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call them day laborers. These working time regulations were usually 

connected with limits on the maximum wage permitted, limits which 

could hardly become the subject of conflicts or negotiations. 

By contrast, the workday was, within narrow boundaries, a compar- 

atively elastic quantity. Conflicts arose over the length of breaks and 

the end of work. If the regulations stipulated that work ended with 

daylight, it was open to debate, for example, whether it was permis- 

sible or in keeping with ancient custom to let workers return from 

construction sites or vineyards near the city while it was still light out. 

In many cities the end of work coincided with the peal of certain 

bells, and custom determined exactly how close to sunset they were 

sounded. Attempts to push the end of work into the late afternoon 

were not attempts to add “spare time” to “working time” — this mod- 

ern distinction was unknown at that time, both conceptually as well as 

terminologically* — but efforts to gain time for personal work, and to 

that extent questions of time, were, especially for day laborers, in those 

days also unequivocally questions of money. 

Opinions diverge on the percentage that day laborers accounted for 

in the labor market. The majority of work was awarded as job orders or 

piecework. Day laborers were a small minority — though a noticeably 

growing one in the Late Middle Ages. Despite the fact that wage labor 

went through a period of crisis—especially in the years 1336-1343, 

1349-1360, 1415-1430” — many authors speak of a golden age of wage 

labor, a result of the shortage of labor in the wake of the plague epi- 

demics.'° A flood of national, regional, and local ordinances fixing 

maximum wage rates were directed against wages that were showing 

a tendency to at least a nominal rise. Traceable since the thirteenth 

century, these ordinances appeared with increasing frequency in the 

decades following the Black Death, and a great many of them contain 
regulations of working time.!! 

For the day laborers affected the trend was clear: the work regula- 
tions issued by various authorities pursued a restrictive or restora- 
tionist policy. They consistently stipulate the full period of daylight as 
the standard measure of daily work, valid since time immemorial, and 
seek to enforce it with new controls and new penalties.!? These mea- 
sures reflected the distribution of power, since the urban employers 
everywhere also controlled city government and could at any time have 
such steps confirmed by the territorial lords. 
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However, if we follow the technical details of organization, we find 

innovations whose way was paved precisely by the incorporation of 
clock-measured times, innovations which in the long run turned work- 

ing time into a negotiable quantity. The new fixations of working time 

with the help of clocks spread so rapidly because the vagueness of the 

old time indications and the limits of what the old signal systems could 

do had for some time been recognized as a problem. Hence — and this, 

too, Jacques Le Goff has correctly perceived —new solutions to this 

problem were sought from the thirteenth century on. 

Since nearly all work was done collectively and in spatially tight- 

knit communities, daylight was a sufficiently accurate measure of daily 

working time. But in working time regulations since the thirteenth 

century, we also find time indications of greater specificity that supple- 

mented naturalistic indications for times of diffuse light with experien- 

tial values. In Paris, for example, fullers were to begin work in the 

winter “as soon as one can recognize a person in the street in day- 

light.”!* According to a statute from the year 1324, tawers were to use 

the possibility of distinguishing two coins as the criterion whether 

there was sufhcient light to work.'* In the 1375 Hamburg statute on 

smiths, work ended in the autumn when “the sun turns golden,” in 

the winter “when day gives way to night.”!® 

In the cities, working time was determined in part by daylight, in 

part by the ringing of the Hours in various churches, in part by civic 

time signals (for example, the wine or fire bell). A look at the collec- 

tions of older working time regulations reveals that working time sig- 

nals, too, developed over the course of time into quite complicated 

signal ensembles, at least in the very large cities. In the process prob- 

lems evidently arose with the reach as well as the differentiation of 

signals. The working time regulations for about one hundred guilds 

in the Livre des Metiers, which was drawn up in 1268 at the instigation 

of Etienne Boileau, prefect of Paris, contain, for example, three types 

of bell signals: Hour ringing from churches in quarters where certain 

trades were located; for changing work sites ringing “wherever it can 

be heard at the time”; and the ringing of Notre Dame especially for 

the end of work on evenings preceding major feast days.'° 

Calculations in which projects were computed in terms of their ex- 

pected time or costs as the sum of “day works” were complicated but 

not impossible to carry out. There were experiential values on how 
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large a field could be plowed in one day or how large a piece of cloth 

could be woven. At the end of the thirteenth century, the English stew- 

ard Walter of Henley reckoned the working year at “44 weeks woork- 

able.”!” The limits of the workday were determined by the length of 

daylight, that is, work usually began at sunrise and ended at sunset. 

This practice is neither especially medieval nor especially urban. The 

workday was thus shorter in the winter than in the summer, and wages 

fluctuated accordingly. For the purpose of setting wages, the year was 

divided into two, four, or six periods. Winter wages were on average 

one-quarter to one-third less than summer wages. The intensity of 

work, which varied strongly seasonally and with local feast day cus- 

toms, could be raised from case to case by giving general permission 

for work in the evening or at night, which was usually prohibited.’* 

Typical was the suspension of the prohibition against night work prior 

to markets and fairs or to allow orders from high-ranking individuals 

to be carried out. Construction projects that were commissioned by 

high-ranking persons or projects that were technically difficult — for 

example, in underground engineering, where groundwater posed a 

threat — also justified the lifting of the prohibition on night work and 

even work on feast days. 

Church bells and working times 

It is hardly possible to say to what extent the wealth of church time 

signals in the working time statutes of the thirteenth and fourteenth 

centuries led to effective time regulations. However, a famous ex- 

ample, the conflicts over working times in the vineyards outside of 

Sens and Auxerre in Burgundy, reveals that the ringing of the canonical 

hours was increasingly less suitable for regulating working times in 

such a way that they were immune from conflict.!? 

At the beginning of the year 1383, the nobility, clerics, and citizens 
of Sens obtained a royal ordinance which newly regulated the working 
time of the day laborers in the vineyards surrounding the city. The 
initiators of the ordinance had complained that the workers were de- 
manding excessive wages, and that for these wages they were also not 
working the usual time until sundown but left the vineyards between 
midday and None, in any case long before sundown. Moreover, they 
were easy on themselves so that they could work in their own vine- 
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yards after working hours. The royal ordinance put an end to this: it 
decreed that men and women had to appear before sunrise at the place 

where day laborers were hired, and subsequently had to work continu- 

ously and loyally in the vineyards until sundown, with reasonable 

(“raisonable”) breaks. At the same time a maximum wage was set. This 

statute evidently met with resistance, for two poor winegrowers ap- 

pealed to the parliament of Paris because the royal official in the city 

had imposed severe penalties on them after they gathered to defend 

their customary working hours. Invoking previous, similar decisions, 

the parliament rejected the appeal; however, since the appellants were 

merely “ignorant people,” their act of bringing the appeal, after pay- 

ment of a fine, was forgiven without any further consequences. 

Ten years later the conflict was repeated in almost identical form in 

Auxerre, about a two days’ journey from Sens. The wines of this region 

were precious, and in good times the shortened day’s work had appar- 

ently become a tolerated custom. Since 1359, however, the situation of 

the vineyard owners had worsened because of war-related devastation, 

and they now sought to reclaim the old, long working time. At first, 

in 1392, they received a royal ordinance for Auxerre and the other wine- 

growing towns of the region; this ordinance was an almost verbatim 

copy of the one granted to Sens in 1383. Subsequently conflicts erupted 

in the city, which led to the arrest of workers who refused to follow 

the new regulations. A second complaint from the burgher owners 

to the parliament led to the suspension of the pending dispute. Two 

delegates came to Auxerre and heard both sides. The case put forth by 

the owners is contained in a second, unrevised draft. The decision was 

the same as in Sens— work during the entire period of daylight — and 

in itself unremarkable. What is striking, however, is the trouble both 

parties had in defining the contested end of working time. 

The wage laborers raised the following objections: the ordinance 

was unjust because the custom of ending work in the afternoon was 

so old that nobody could remember it ever having been different. The 

soil of this region was particularly heavy, and ending work at None 

had always been the case in Auxerre as well as in other areas. A further 

reason was that None in Auxerre was presently being rung later than 

in previous times, between the fourth and fifth hour of the afternoon 

instead of at the third. The shifting of None, generally completed by 

1300, was thus not yet common in Auxerre, and the workers expressed 
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their objection with the help of a new system of reference, clocktime, 

which had long since become established in Auxerre. The only open 

question is thus how they knew that in the past None had been rung 

much earlier. 

The vineyard-owning burghers complained of poor yields and high 

costs. They denied that the abbreviated workday was customary and 

lamented the ineffectiveness of the royal ordinance. The workers, “fat, 

insolent, and obstinate like Pharaoh,” had carried on as before, de- 

nouncing, moreover, the commissioner as a “bloody rogue” and the 

burghers as “misers.” They had tried to incite a revolt like the peasant 

uprisings and tax revolt in Paris (in 1372) —a very serious charge, since 

both of those bloody events were still fresh in everyone’s memory.”° 

According to the text of the “arrét,” the burghers drew a clear pic- 

ture of the purposeful reduction of working time that the workers had 

pursued. At first they had worked to the end of the ringing for None. 

Then they had left at the beginning of the ringing. Currently they were 

ceasing work with the “cliquet,” the pre-signal to the actual ringing.*? 

And when the ringing came late in the judgment of the workers, they 

decided the end of work freely according to the position of the sun. All 

told they were now working little more than half a day. The historical 

argumentation by the burghers who had brought the complaint has 

flaws. As shown by the draft of the complaint, they were not at all 

agreed when the workers did in fact cease working in the afternoon: 

we hear “two hours,” “two and a half hours,” “three and a half hours” 

(sometimes with “approximately” added), and finally long (“grant es- 

pace de temps”) before sundown. In situations of conflict, the tradi- 

tional system of reference for the times of day proved to be inadequate. 

In Sens and Auxerre, however, the formal side of the conflict was not 

yet fully settled, since the king once again tied the end of work to 
sundown. 

After the Hundred Years’ War, the conflict flared up one more time 
in Auxerre. The parliament of Paris was once again brought in. Its 
decision did not amount to any fundamental change for the workers; 
it merely protected them from objections like the ones mentioned 
above and tied working time to communal clock-time. According to 
an “arret” from the year 1447, in the summer work was to go on— with 
a three-hour break — until the last stroke of the seven o’clock ringing.”? 
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Work bells (“Werkglocken”) 

The great importance that attached to the regulation of the length of 

daily work is borne out not only by the growing flood of working 

time regulations, but also by the spread, since the thirteenth century, 

of a new urban time signal. With the help of the so-called “Werk- 

glocken” (“work bells”), the time of day work was actually and sym- 

bolically detached from the intra-urban temporal order and separated 

in terms of signaling technique. If we trace the history of the work 

bells into the fourteenth century, it becomes clear that the problems of 

working time had given rise to some sort of need for greater precision, 

which then manifestly promoted the diffusion of clocks. 

It is not entirely clear where working time was given a separate 

signal for the first time. The podesta code of Orfinus Laudensis that 

was mentioned earlier gives the impression that a “campana laboris” 

for the urban trades (“artes”) was customary in northern Italy by the 

middle of the thirteenth century.*? Such bells, which in this area were 

often called “Marangona” (derived from the word for a carpenter’s ax), 

are attested, apart from Venice and Florence, in Ferrara (1287, “Maran- 

gona”), Novara (1295, “campana paraticorum”), Padua (1308, “Ma- 

rangona” for the “laboratores ad precitum”), Verona (1314-1315, “Mar- 

angona”), Parma (1317-1318, for the “laboratores manuales et diurni et 

muratores et magistri manariae”), and Treviso (1314-1315, “Maran- 

gona” for the “laborantes de quacumque arte sive opere”).** 
Work bells are mentioned under many different names around the 

same time also in the textile regions of northwestern Europe. A 

“clocque des teliers” can be found in Douai around 1250.” In the four- 

teenth century in Therouanne, the bishop was divested of the right of 

ringing the “campana operariorum,” a right that went back to an “ar- 

rét” issued by the parliament in Paris in 1261.° Bruges had a “wevers- 

clocke” (“weavers’ bell”) in 1269. In Provins in Champagne, the textile 

workers had rebelled after the burgomaster had moved the bell signal 

for the end of work into the evening. Since the unrest, in which the 

burgomaster was killed, had been rung in with the communal bell, 

that bell was destroyed during a punitive expedition against the town. 

The amnesty issued in 1282 by Edward I, King of England and Count 

of Champagne, explicitly permitted the ringing of the new bells also 
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for the working hours of day laborers.’” Such bells can be attested at 

the beginning of the fourteenth century in many other cities of this 

region,?* and judging from contemporary phrase books, they appear 

to have been common everywhere. 

The names of the bells and the circles to whom they were addressed 

bear out quite clearly that the spread of work bells must be seen in 

close connection with the growing importance of wage labor. At the 

same time, however, they also symbolized the political importance and 

the financial muscle of the guilds who were the major urban employ- 

ers. The “Arte della lana” in Florence was not only the mainstay of the 

cathedral workshop, it also paid for the largest bell in the campanile of 

the cathedral. In working time regulations that bell was referred to 

simply as “campana dicte artis.”?? Work bells were frequently taken as 

seriously as communal bells. They were described as an attribute of a 

“bonne ville,”*° and the penalties for the deliberate misuse of the work 

bells were often no less severe than for the communal bells.*+ Like the 

communal bells, the work bells marked out a sphere of jurisdiction. In 

Bruges in 1284, the weavers were described as “belonging under their 

bell”; they also had to pay for the signal themselves.*? Non-guild mem- 

bers, for example, the Beguines, were placed under the weavers’ work 

time signal, though not so readily other guilds.** The ritual of how 

punishment was exacted was also taken over from the communal bells. 

Following a rebellion in Bruges in 1380, the weavers were humiliated 

by having their bell removed “in perpetuity” and being subjected to 

the working time of the other trades.*# 

In the cities of northwestern Europe we can observe, following the 

great plague, a wave of newly acquired work bells, newly granted per- 

missions, and new directives for them, a wave that lasted for decades. 

The best-known case is the granting of a work bell for Aire-sur-la-Lys 
In 1355, since it was stated that the city was governed by the cloth trade 
and needed a bell so that the workers, but also the communal commit- 
tees, could keep “certain hours.”*> One cannot infer from this, how- 
ever, that this form of working time regulation was typical for cities 
that were strongly dependent on the cloth trades.3° Work bells are also 
found outside of the textile regions, for example, for rural workers in 
Riga, for vineyard workers in Wiirzburg (“Heckerglocke”), or for rural 
wage laborers in Sisteron in Provence.%7 

A large number of work bells regulated working times at the great 
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construction sites: 1354 at the Tower in London, “to ring the hours for 
the workmen”; 1356-1357 Windsor Castle, “campana pro operaril”; 1365 

Moor End (residence), “to ‘excittand’ the masons, carpenters and 
other workmen to hasten their work”; 1370 at the York Minster, 

“campana in logio cementariorum”; 1365 at the cathedral in Florence, 

“campana per operarios”; 1390 at the cathedral in Milan, “campanile 

fabricae”; 1396 at the Certosa in Pavia, “campanella posita super la- 

borertis.”** Working time problems were no less here than they were 

at weaving looms or 1n vineyards. 

Increasing precision 

When work bells are spoken of in the sources since the beginning of 

the fourteenth century, we often also hear about “certain hours” that 

are desirable. Leaving aside the de-coupling of a special time signal for 

wage laborers, what changes did the work bells bring about in the 

temporal reorganization of working times? 

Descriptions or regulations of the ringing of work bells are much 

rarer than reports about their installation. But the few reports we do 

have reveal that precisely the ringing was a problem for which there 

was no easy solution. A famous intervention by the French crown into 

urban labor law was the permission for a new work bell in Amiens in 

the year 1335.*° At the initiative of the linen weavers, cloth fullers, wool 

workers, and cloth shearers, the guilds in Amiens had asked for a 

stronger enforcement of older working time regulations which had 

lost their effectiveness. The representatives of the guilds believed the 

reason for this was that the assessors had not imposed and collected 

the appropriate fines. The assessors, for their part, argued that workers 

were able to come and go as they pleased because the old regulations 

were inadequate in making it clear that workers were obligated to 

come, take breaks, and leave at certain hours. The king gave permis- 

sion for the installation of a new bell that was to be different from the 

existing bells in the belfry. It was to be rung four times a day: in the 

morning, in the evening, and before and after lunch break. As for 

the details of the signal regulations and the determination of the penal- 

ties for violating them, the city should make an effort to obtain compa- 

rable regulations from Abbeville, Douai, Montreuil-sur-Mer, and 

St. Omer. Requests to those cities to that effect apparently did not re- 
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ceive a satisfactory response, and so the assessors, protected by an 

anticipatory authorization from the king, drew up such regulations 

on their own.?° 

For the signaling sequence they used two kinds of distance-time 

measures, one of which can hardly be reconstructed today but was 

undoubtedly quite common at the time. The other distance-time mea- 

sure was local; it made sense only in Amiens. In the summer the work 

bell was to ring beginning at sunrise for a period of one mile (“une 

licue de terre”). The break should last “2 lieues,” whereby the signal 

for the return to work should be sounded long enough to allow a 

person to return to the workplace from any point in town. The signal 

of the end of working time was to be given around Vespers in such a 

way that it was still possible to walk “une lieue de soleil” afterwards. 

In the winter, working time was demarcated by daylight and the pause 

was limited to “une bonne demie lieue.” 

When it comes to concrete situations, defining or converting 

distance-measures used at the beginning of the fourteenth century 1s 

no less difficult than it is in the case of time measures. The editor of 

the texts from Amiens estimates — plausibly, in my view—that the 

distance-time for a walk through the city was a quarter of an hour. But 

how long was a “lieue de terre” in Amiens in the year 1335? The Gal- 

lic “leuca” that was customary in England corresponded to a mile 

of about 2,400 meters. At the end of the century Geoffrey Chaucer 

reckoned it at twenty modern minutes, “three Mileway maken an 

howre.”*? The French “leuca” is considered to be twice as long as a 

“mileway” and is given as about 4,000 meters. The editor reckons it 

at forty-five modern minutes. The summertime work break would thus 

have lasted ninety minutes, or perhaps only forty minutes. Comparable 

time indications are rare and also do not reveal much. At the construc- 

tion site of the cathedral in York in 1352, the duration of the summer- 

time breakfast break was set for the time of half a mile (“spacium dimi- 
diae leucae”). In the redaction of this regulation in 1370, the breaks 
were given, among other things, as whole or half “mileways,” the end 
of working time in the summer as “a mileway byfore ye sone sette,”*? 
Such experiential time indications were no doubt suitable for the par- 
ticular purposes and to that extent precise enough. But they would 
hardly have been able to prevent the sort of conflicts we have seen in 
Sens and Auxerre. It therefore comes as no surprise that in the course 
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of the general development toward greater precision in working times, 
the possibilities of the new clocks were seized upon quickly and in 

many places. 

New methods of determining working time appeared first in 1358 in 
Valenciennes. According to the last entry in the final account for the 
new work bell in this important cloth city in Hainaut, the smith Jehan 

Biaulieu received a considerable sum for the purchase of “uns orloges” 

for the belfry, where the new bell was being installed.** The city had 

ordered the clock to regulate the four signals of the bell. Jt was in all 

likelihood a mechanical clock, probably without a striking work. In 

later accounts, to distinguish it from the large communal clock, it was 

described as “les petis arloges” in the keeper’s room. We do not know 

how the temporal regulation of the four signals was accomplished. 

It does not appear to have been an innovation, however, for the city 

dispatched a messenger into nearby Tournai to obtain work bell regu- 

lations. In Tournai and Valenciennes, working time —in regard to be- 

ginning, breaks, and end—was thus being regulated with the help of 

a clock. However, a work time statute from Tournai shows that in 1365 

the signals were not yet described as clock times.** 

In the subsequent years, the use of clocks and sandglasses continued 

to spread quickly in cities and on construction sites. At the site of the 

cathedral in Orvieto, a “temperator” for the “arlogium” was employed 

from 1365.45 At the quarries in Candoglia, where marble was quarried 

for the cathedral in Milan, two half-hour clocks appear in the accounts 

in 1392; presumably they were used to time breaks. In 1418 a mechani- 

cal clock was procured.*° In Hamburg in 1375, the end of work for the 

smiths in summertime was limited to the time “when the clock has 

struck five”; during the other seasons, indications according to natural 

daylight (mentioned in the statute) remained in use. In Frankfurt, 

clock time indications appear in 1377 in various work statutes. In Paris, 

the work time of the cloth shearers was newly regulated in 1384: jour- 

neymen working by the day began their work in the winter at twelve 

o’clock at night. The work lasted until sunrise, interrupted by two one- 

hour breaks and one half-hour break. In summertime work went from 

sunrise to sunset. The main break began one hour after midday and 

lasted two hours on “long days,” one hour on “normal days.” How- 

ever, journeymen who lived with their masters were excluded from 

this regulation. Modern hours appear in Cologne in 1377, when it was 
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stipulated that the break for wage laborers could last at most “one 

hour? 

Breaks were usually timed with sandglasses. In a statute from the 

first half of the fifteenth century for the caulkers in the shipyards out- 

side of Genoa, the length of the break has been given the name of the 

timekeeper used to measure it. For those engaged in repair work, the 

midday break lasted one “clock” (“unum horologium” = 1/2 hour), 

vesper break lasted a quarter of an hour or “half a clock” (“medium 

horologium”). When new ships were being built, the midday break 

was allowed to last one full hour (“una hora integra”), and vesper a 

half hour (“unum horologium sive mediam horam”).** 

The story of the public clock of Beauvais, procured in 1390 (that 

is, relatively late), shows once again how easily the traditional time 

indications could become embroiled in conflicts, what sort of solu- 

tions to such conflicts were envisaged at the time, and how important 

public clocks were as modern organizational aids. Our source is, as it 

was for Sens and Auxerre, a decision by the parliament of Paris, which 

reports in the preamble the arguments presented by the contending 

parties.*° 

Great conflicts, which had been brewing for decades, had erupted 

between the mighty guild of weavers on the one side and the guilds 

of the wool shearers and fullers on the other. The main problem was 

that the division of labor between the three guilds no longer func- 

tioned. The weavers had begun to have some of the preparatory work, 

which the other two guilds used to perform, done in house. In addi- 

tion, because they considered their craft to be more difficult than the 

other two, they had increasingly closed off their guild through longer 

periods of apprenticeship and higher admission fees. The journeymen 
and apprentices of the other two guilds could no longer switch over; 
more and more skilled workers became unemployed. Added to this 
was the quarrel over the traditionally different working times. 

The wool shearers and fullers maintained that their crafts had each 
formed an independent guild with its own statutes since time imme- 
morial. The physical strain on the fullers was much greater than on the 
weavers. With a helper a weaver could easily work an entire day (“dies 
integer”) from sunup to sundown. By contrast, a fuller, if he wanted 
to preserve his health, could put in only a shorter day’s work. Invoking 
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“antiqua statuta” that were at least fifty years old or even older, in any 
case far too old for anyone to remember anything to the contrary, the 
fullers gave their version of the old working time regulations. Ac- 

cording to the fullers, the differentiation among the guilds should be- 

gin at the market of the day laborers. At sunrise the weavers were the 

first who had to appear at the market and hire their people. Only then 

(“platea textorum finita”) did the fullers, and after them the shearers, 

come to the market. Thereafter the fullers had a short breakfast break 

(“per modicum spacium temporis”), about the time of the sacrament 

at the high mass at St. Pierre. The main lunch break began for them 
“around None” and lasted until the striking of None at St. Pierre. In 

the winter this time was so short that the bell sounded before the 

workers had finished eating. Contrary to all customs, the weavers ar- 

rived late at work, namely, not before the early mass, and some had 

also talked them into taking breaks as long as those of the other guilds. 

The weavers denied the special regulations for the other guilds. 

They accused them of extending the first break to a full hour (“una 

hora”) and of using all breaks and the time in the early morning and 

in part even the night to produce inferior products in violation of guild 

regulations. They also claimed that all had to start work at sunrise and 

take a short break around the time of Prime. The duration of the mid- 

day break in Beauvais, as in the other cities (Arras, Hesdin, St. Omer), 

was fixed in the summer at one “leuca terre,” in the winter at half. 

The weavers suggested, “for the evident benefit of the entire city,” that 

Beauvais follow the example of the other textile cities in Picardy and 

install a work bell with a corresponding regulation of working time. 

Apart from the simultaneous market for day laborers, the break-time 

regulations were to be maintained as described. 

The decision of the parliament reflected the usual restrictive policy 

and followed the suggestion of the weavers in this matter. In the pro- 
cess, however, it stipulated the installation of a modern instrument of 

control, a reliable clock, and at the same time also changed the much 

more unequivocal time indications it made possible.*° The market for 

day laborers should be held for all guilds at the same time, but different 

locations should be agreed upon for the various guilds. In the summer 

the market was to begin between “the fifth and the sixth hour” in order 

that work could begin at six o’clock. In the summer the first break 
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should last one hour, the second one hour and a half. In the winter the 

working time should last from five to seven o'clock, and the breaks 

half an hour and one hour, respectively. 

The modernization of the municipal work time regulations in Beau- 

vais that was decreed from Paris is characterized, in regard to the time 

indications (which actually render a work bel! superfluous), by an un- 

usual degree of consistency. In other cities the communal clock only 

gradually became the normal time giver for the regulations of working 

time. When the communal clock appears in the statutes of the Paris 

cloth shearers in 1415 (“orloge du palais”), in the statute of the fullers 

in Orléans in 1406, in that of the smiths in Troyes in 1412, and that of 

the stonemasons in Regensburg in 1440, these time indications are 

usually isolated cases amidst a sea of time indications of the old type.°? 

Frequently only the end of work in the summer or the duration of a 

break were tied to a clock, while the other time regulations, as, for 

example, the beginning of work at sunrise, were not. There were still 

clear limits to the emancipation (in terms of temporal organization) 

of working time from daylight. Occasionally we also sense distrust of 

the reliability of the devices, for example, when certain times are given 

in two different ways. In Ulm in 1420, for example, the end of work 

for the threshers was fixed both by the canonical hours and in the mod- 

ern way: they were to work “until the bell strikes three or Vespers is 

rung.” In Rouen, the canons of the cathedral had lent a clock to the 

masons so they could follow it with respect to their working times. In 

the middle of the fifteenth century, the break for the masons was then 

regulated by the communal clock. But in case the communal clock 

broke down, it was stipulated that the break should last as long as the 
great mass in the cathedral.*? 

Regardless of whether it was structured by a work bell with clock- 
regulated “certain hours,” directly by the main communal clock, or 

with the help of sandglasses, the length of daywork was at first not 
changed by these innovations.** New was the fact that working times 
were signaled in a way that was transparent to the various groups con- 
cerned and allowed these times to be checked. Only very slowly and 
in very scattered instances can we observe that the use of clocks made 
it possible to shorten working times without involving any major 
changes in regulatory technique. In Valencia in the fourteenth century, 
a statute had decreed that no worker was permitted to leave the slopes 
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prior to the stroke of the evening bell in the cathedral. In the sixteenth 
century, the period of daylight (“de sol a sol”) was reiterated as the 
normal workday. For particularly difficult kinds of work, however, 

working time was de-coupled from the old signal and, with the help 

of the clock signal, shortened in two steps. For digging and chopping, 

the statute on rural laborers of 1537 stipulated the time from seven in 

the morning to five in the evening, and in 1555 this time was further 

shortened to eight in the morning to five at night.*4 

With respect to working time, too, abstract clock time opened up 

possibilities of negotiating working time and regulating it anew or in 

such a way that it was immune to conflict. That this was an essential 

prerequisite for all reforms in the organization of working time was 

certainly understood at the time. The second book of Thomas More’s 

account of the happy island of Utopia was written at the beginning 

of the sixteenth century, presumably in Antwerp, one of the busiest 

commercial cities of late medieval Europe. Here we read that the Uto- 

pians divided night and day into twenty-four hours of equal length 

and assigned only six to work. This was possible because the socially 

necessary work could be done in a much shorter time by involving all 

idlers.°* More, the English jurist and later Lord Chancellor, combined 

his critique of the unmeasured workday with clear references to the 

prerequisite — not yet self-evident at the time — for the new organiza- 

tion of labor: modern hour-reckoning. 

Working times “underground” 

Already during the High Middle Ages there had existed special forms 

of the normal working day in underground mining. The sources, 

sparse with respect to working time regulations, show that the work- 

ing time of miners had long since been independent of daylight and 
had been organized independent of the urban bell system. It likewise 

seems doubtful whether the unequal or canonical hours were ever used 

in mining for the regulation of working times. The oldest known 

working time regulation for miners, the “Jus regale montanorum,” 

was an attempt, initiated by King Wenceslaus H, to standardize the 

mining law of Bohemia-Moravia. A Magister Goczius from Orvieto is 

listed as the editor of the redaction that was put together shortly before 

1300. This mining law was also valid for the important mining cities 
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of Iglau and Kuttenberg and is thus also called “Kuttenberger Bergord- 

nung” (“Kuttenberg Mining Code”). Johann von Geilnhausen trans- 

lated it into German at the end of the fourteenth century. The section 

on the shifts of the miners is based on an abstract division of the day, 

though without clocks. “Hora,” the miners’ shift, is in this text both a 

quarter of a day as well as an (equal?) hour: “[From the hour-caller] 

_.. one shall know that all hours [of the day and night in the mines] 

... should be divided into four hours... And the caller . . . shall call 

out the beginning .. .”*° 
The interpretation of this code is difficult, since it remains unclear 

what time-keeping technique was used to divide the working day of 

the miners. In the German version the passage goes on to say that 

these shift signals were unsuitable for fixing inspections “at a regular 

hour” because they “changed unevenly with the lengthening and 

shortening of the day,” and consequently the time for inspections was 

determined by the times of divine services.°” 

The next code with usable information about shift times, the Min- 

ing Code of the County Judge Johann von Usenberg in the Breisgau 

(1372), already takes modern hour-reckoning for granted. We read that 

the smelters and workers in the mines, the ore mill, and the smelting 

mill “work eight hours a day, four hours before noon and four hours 

after noon, that is the working situation in the mountains for all 

Miners a” 

Miners’ shifts were subsequently fixed at three times eight hours or 

four times six hours. The descending times that were included in these 

regulations, the prohibition of working two shifts in a row, and the 

questions whether it was permissible to dig for oneself in the “free 

time” outside of working time provided endless sources of conflict, 

though at the same time they also made people aware of the problem 

of a measured normal working day.°° The history of the regulation 
of working time “underground,” too, allows us to trace the growing 
importance of modern time-measuring techniques. From the Late 
Middle Ages on, the methods of time indication and time control in 
mining were improved. The first great account of mining and metal- 
lurgy by Georg Agricola (1556), city physician in Chemnitz, mentions 
the widely used special work bells for shift times (whose signals were 
passed on into the mines through the banging of the tools), but it also 
speaks of tallow lamps as basic time-keepers.®° Where the miners tried 



307 

WORK TIME AND HOURLY WAGE 

to bring the time indication under their control with the help of clocks, 
the costs for these timepieces were frequently imposed on them.®! Oc- 
casionally the attempt was made to compensate for the imperfections 
of the mechanical technology through large sandglasses. For example, 

in Altenberg in the Erz Mountains, a “sand clock of nine hours” was 

procured because the striking clock was not functioning properly.® A 

considerable modernizing impulse in respect to the organization of 

time thus also came from the mining industry. 

Time measurement and production 

Regulations of working time and breaks made no sense where the 

rhythm and duration of work were determined directly by work tasks 

or production methods. In the smelting of ores, the casting of bells 

and cannons, and in work at glass melting furnaces, complicated pro- 

duction methods dictated the measure of work without regard for day 

and night, Sundays or feast days. But even in these areas we can ob- 

serve changes brought about by the new methods of time measure- 

ment. There are, to begin with, the manufacturing directions and 

recipes handed down in writing (still very rare in the Late Middle 

Ages). Time indications appear naturally where certain production re- 

sults were not immediately obvious but were known from experience 

to occur only after a certain minimum or maximum time had elapsed. 

The famous Diversarum Artium Schedula of Theophilus Presbyter, a 

collection of instructions in the artistic crafts from the beginning of 

the twelfth century, supplies a few daytime and hour indications. For 

example, gold used in the illustration of books should be ground in 

the mill “for two to three hours”; ash and sand in glassmaking should 

be melted for one day and one night. By melting certain mixtures until 

Terce or None, one could produce yellow or crimson glass. The experi- 

ence of craftsmen was described and passed on by using the vague 

system of reference of the canonical hours. There is only one passage 

which mentions what is in all likelihood an estimate rather than a mea- 

surement: we read that one should wait for “one half hour” when cool- 

ing a coating of enamel.°? 
Only from the beginning of the fifteenth century on do we encoun- 

ter such descriptions with greater frequency in the writings of gun- 

smiths and blasters. Modern hour-indications appear with recipes in 
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the redaction of Marcus Graecus’s “Book of Fireworks” by Master 

Achilles Thabor, which is probably an assumed name of the writer Jo- 

hannes Hartlieb (died 1468). Subsequently the Fewerwerkbuch (“Book 

of Fireworks”) from the beginning of the fifteenth century, a famous 

and much copied compilation of knowledge concerning artillery and 

pyrotechnics, provided not only recipes — for example, how to make 

strong gunpowder from sulfur, saltpeter, and ammonium chloride by 

stirring the mixture over a fire for half an hour — but also instructions 

on how fuses could be measured off with the stroke of the bell.°* The 

Tower in London has a copy of the Fewerwerkbuch with the depiction 

of a powder mill in which it is not entirely clear whether the illustrator, 

in using the sandglass, was referring to the pounding time needed to 

produce the fine granulation of the powder or to the work shifts of 

the mill workers (fig. 63). Gunsmiths also had other uses for modern 

time-measurement, for example when they report of alarm clocks that 

set off a fire or a shot at.a certain time, or when they set to work 

constructing time fuses (“feuerschloss auff stunden und tag gerichtet 

wie man will”) (fig. 64).°° Technical manuals of the sixteenth century, 

like Piccolpasso’s Arte del Vasaio and Biringuccio’s Pirotechnia, are full 

of instructions in which old experiential values were frequently trans- 

lated into modern time indications. When it comes to the timing of 

work processes and work shifts, since we simply do not know enough 

about production processes (for example, in work at the printing 

presses) (fig. 65), we cannot always tell if our texts are talking about 

the supervision of working time, the guiding of a work rhythm, or 

adherence to production-related time limits.° 

Time controls and hourly wage 

Mathematically the hourly wage of a medieval day laborer could be 
determined even if the wage and working time regulations on which 
it was based contained no or only very few modern hour indications. 
With the help of tables for the time of sunrise and sunset in the various 
latitudes, of festal calendars for specific locations, and of data on the 
liturgy and thus the approximate length of masses, one could, first of 
all, determine the duration of the working day in hours and then, with 
the help of a wage table for the appropriate season, also the hourly 
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63. Work in a powder mill. Illus- 

tration from manuscript of the 

Feuerwerkbuch (around 1450). Royal 

Armories, HM Tower of London. 

Crown Copyright, The Board of 

Trustees of the Royal Armories, 

London. 

wage. After adjusting for the influence of fluctuations in monetary 
value and of non-monetary wage components, one would be left with 

an arithmetical hourly wage that would be usable for comparative 

studies on standards of living and economic cycles. Like historical cal- 

culations of caloric consumption, such studies presuppose a series of 

complicated considerations that operate with abstract measuring units, 

considerations that are conceivable for the Late Middle Ages only in 

rudimentary beginnings. Modern hour-reckoning is one prerequisite 

for such concepts, and the process of increasing precision that began 

in the Late Middle Ages and transformed “hora” as a vague time pe- 



64. Time fuse in Newe vuerfarne treffenliche vortheile zu allerhand Kriegsi- 
bungen im veld und bevestungen durch Veitt Wolffen von Senfftenberg aus Osterreich 

Itzo der von Dantzig Czeugmeistern fiirgegeben Anno 1568. Dresden, Sachsische 
Landesbibliothek: “Item, in cities, castles, and hamlets which one must aban- 

don after a long siege, one can with such hidden, buried explosives throw such 

an obstacle in the face of the enemy so that within two or three days he will 
come to regret this conquest: namely by placing buried into the earth one 
great fireball or several in more places in the chambers and rooms, here and 
there also in the stables, with a running clock attached with a fire lock, every- 

thing properly arranged as best one can. A number of such hidden explosives 
can be delayed as long as one wishes, and set at such hour as one desires. 
Indeed, with such a setup or in such a brief time many marvelous things can be 

done afterwards and with the cocked fire lock, it is more than one can relate.” 

65. The rhythm of work and the 

setting of time limits in a printing 

shop. Copperplate engraving by 

Abraham von Weerdt, 1666. Photo: 

Deutsches Museum, Munich. 
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riod into the modern hour led to advances in abstraction also in the 
sphere of time-money relationships, advances that have so far received 
no attention. 

In order to stabilize — for the purpose of calculation — the quantity 

“time” in time-money relationships, one needs a time measure such as 

year, week, day, hour, or minute. The advances made in this connec- 

tion concern also the transition—made possible by the new time- 

measuring technique — from day to hour or the specifying of the work- 

ing day as the sum of equal hours. 

That the period of daylight had twelve hours was a familiar notion 

in the High Middle Ages. If we leave aside the complications caused 

by the varying length of daylight, there was thus nothing to prevent a 

corresponding division of the day wage. The vineyard laborer of the 

biblical parable who appears at work in the eleventh hour of the day 

and still receives a full day’s wage (Mt. 20.6-12) did not unduly con- 

cern medieval commentators. Here and there at the beginning of the 

fourteenth century, the parable of the vineyard was used as an example 

of the disadvantages of time wages as against piece wages, but discus- 

sions of the just division of the day’s wage or appropriately calculated 

parts of the wage are not found in the theologians.°’ This is a bit sur- 

prising, since division of the work day and division of the day’s wage 

were quite common. On Saturdays and days preceding feast days the 

work time was shorter and in most cases only half the wage was paid. 

Deductions of thirds and fourths, at the end of the fifteenth century 

even of sixths and twelfths, were common at construction sites, for 

example, as deductions for bad weather.®* But not even the division 

into twelve parts led directly to the idea of paying or deducting an 

abstract time measure such as the modern hour. From the middle of 

the fourteenth century it became apparent, however, that the custom- 

ary divisions of the day and the day’s wage were no longer adequate. 

New forms of dividing the day and new wage demands appeared in the 

cloth industry and on an even larger scale in the construction industry. 

Bruno Dini has found a whole series of noticeable time measures 

that differentiate the time of day in the account books of a large Flor- 

entine woolen cloth company in the years 1355-1370. In every case the 

issue revolved around the “overtime” (a later term) of the time-wage 

workers.©? During the winter period, there was the “notte,” more 

rarely called “veglia,” for work in the evening until midnight. Both 
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periods of overtime were remunerated with half a day’s wage in sum- 

mer and winter. Summertime work in the evening, “lunata” or “sera,” 

would earn nearly a quarter of the day’s wage. The wage lists had pert- 

ods even for pre-dawn work, though without separate names. For ex- 

ample, while “sera” was by the end of the thirteenth century the name 

for a quarter-day or the corresponding wage, the quarter days that 

were also calculated and called “ore” were completely new.” These 

references to division of the day differentiated in this way are, however, 

a rarity and they appear in the bookkeeping of a company in which 

work was evidently carried on for unusually long periods of time in 

summer as well as winter. We cannot yet decide in this instance 

whether the “ore di straordinario” (B. Dini) can already be understood 

as modern hours or whether we are still dealing with differentiations 

within the old timekeeping, which would mean that “ore” were merely 

vague experiential values.”! 

Another new — though equally short-lived — time measure appeared 

in the middle of the fourteenth century. The above-mentioned supervi- 

sor at the construction site of the cathedral in Orvieto 1n 1364-1366 

had not only the task of maintaining the clock of the site, he also had 

to record completed working times. Those times were called “doctae 

magistrorum et operariorum.”” “Docta/dotta” is attested on one prior 

occasion in wage deductions in the accounts for public buildings in 

Siena (1341).7* The term appears once more in later statutes of the ca- 

thedral workshop in Orvieto from the year 1421, among other things in 

the expression “doctae pro horis.” According to the major dictionaries, 

“dotta” is a short time period but nowhere a temporally specific one.” 

According to our sources, “dotta” could stand for a kind of work shift, 

possibly for a still-vague hour, or for the wage that corresponded to 
this period. We do not know, however, how long such a “dotta” lasted. 

The construction site of the cathedral in Milan, begun in 1387, was 

in many respects organized in a far more modern way.”> While old 
divisions of the day were occasionally still used in making deductions 
for bad weather, modern hour-reckoning was largely familiar when 
it came to supervising working time and breaks. For the quarries in 
Candoglia, two half-hour clocks appear in the accounts in 1392, pre- 
sumably used to supervise break times. In addition, the daily work 
time was recorded in hours. A mechanical clock was procured for the 
quarries 1n 1418 “in order to be certain about the hours when the mas- 
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ters and workers leave their work on account of rain and when they 
take a break to eat.” The construction site in the city, too, had its own 
clock with a bell and after 1433 also with a dial.”° And at this time the 

new hour reckoning was already used not only for—still sporadic — 

calculations of working times, but also for modern cost calculations. 

In 1392, a man with two donkeys was to bring iron parts and foodstufts 

from the valley to the quarries so that the masters and workers would 

have no pretext for absenting themselves from the work site. In the 

justification of this measure, the loss to the cathedral workshop from 

such absences was calculated by work hours. In another instance in 

1411, the written recording of daily working hours was explained in 

part by the need to determine the unit costs for individual blocks of 

marble.”” With these early steps of calculating an abstract measure of 

work as a cost factor we have reached the limits of the mathematical 

abstraction possible in the fourteenth and—as far as I can see —also 

the fifteenth century. Even though all extant sources are not accessible 
at this time, we can state further that such calculations were extraordi- 

narily rare. Only for payment by the hour do we find, around 1400, 

scattered references also outside of Milan.”* The above-mentioned de- 

cision of the parliament for the guilds in Beauvais (1390) stipulated, 

for example, that the wool fullers did not necessarily have to hire them- 

selves out by the day wage (“ad dietam”), but could also do so by the 

weight of the product (“ad libram et pondus lanarum”) or by the hour 

(“ad certum numerum horarum”). In the statute on fullers in Orléans 

(14.06), too, hiring oneself out “a heure” was provided for as a possibil- 

ity Nexto ma terme, 
The subsequent development of this new form of time wage took 

an indirect course. It was not the case that day wages were divided 

with growing frequency into equal parts (in correspondence with the 

equal hours). Rather, hourly wages emerged much more often from 

payment for overtime or deductions for missed hours. We can trace 

this development above all at the construction sites from the middle 

of the fifteenth century. 
At the cathedral building site in Orvieto, the statutes of the cathedral 

workshop regulated not only the operation of the construction site 

clock but also the recording of missed hours (“hora obmissae”).°° In 

Nuremberg a comparatively complicated form of modern hour- 

reckoning was in use, which is why the records of the city architects 
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Lutz Steinlinger (1452) and Endres Tucher (1464-1465) contain thor- 

ough lists concerning the working times during the various seasons of 

the workers employed by the city.8! Endres Tucher also reports on a 

regulation by which a certain amount was taken from the pay enve- 

lopes (handed over to the workers on Saturdays) for hours missed or 

added for additional hours worked. These amounts corresponded to 

about one-tenth of the relevant day wage, and as far as I know this is 

the first time they are called “hour money” (“stundgelt”).°* In the ac- 

counts for the construction of the choir of the Church of St. Lorenz 

(1445-1449, 1462-1467) we still find hardly a trace of these kinds of 

wages.®? Later, in the accounts for the work on the towers of the same 

church, which began in 1481, there is mention of both overtime pay- 

ment for working through breaks (“under iren stunden”) as well as 

overtime work at fixed rates (“je von ainer stund 2 d.”).8* Here we are 

clearly looking at hourly wages, since their amount, in contrast to day 

wages, no longer varies with the time of year. 

The system of controlling breaks and of punitive wage deductions 

for missed working time presents itself as more severe and more pre- 

cisely regulated in the statutes for Calais (1474). This city was the 

English bridgehead in France, and the workers were in a quasi-military 

situation of subordination. Working time at “the king’s works” was 

regulated with great precision also because work on the harbor and 

fortifications had to be performed quickly on account of the tides. 

When it came to work during the day or night that was dependent on 

the tides, all rights to breaks, for example, were suspended. Normal 

working times were regulated in part by daylight, in part by the public 

clock, and when supervisors and artisans were penalized for being late, 

differentiations were made by the hour and half hour. In the building 
accounts for royal residences, churches, and colleges, too, the wages 
for extra hours— which were above all paid breaks (“hour times and 
drinking times”) —show themselves as precursors of hourly wages. 
These hours, as well, were in the vast majority of cases timed by sand- 
glasses—in this regard England was no different from France or 
Poland.*° 

The hourly wage that was developed in the fifteenth century was the 
rare exception in the Late Middle Ages, and this is even more so the 
case with the corresponding cost calculations. Only punitive deduc- 
tions for missed hours are frequently encountered. At least until the 
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66. Wool comber with sandglass in 67. Weaver with sandglass in Jo- 
The Book of English Trades (London, hann Manich’s Sacra Emblemata 
1818), p. 438. (Nuremberg, 1624). Wolfenbiittel, 

Herzog-August-Bibliothek. 

end of the eighteenth century, the day wage remained the normal form 

of wage for time-wage workers. In Paris, for example, the concept and 

the word for the hourly wage were unknown until the beginning of 

the eighteenth century.*’ In this area, too, the period developed only 

possibilities whose realization was still a long way off. 

Standard clock and factory clock 

The linkage of working times to the hour stroke of the standard mu- 

nicipal clock, and the timing of work by an instrument—the sand- 

glass — that was largely immune to manipulation, (fig. 66) reduced the 

sphere of freedom of those concerned. At the same time, however, it 

was also protection against the arbitrariness that was at least conceiv- 

able behind the vagueness of the old time indications. The employers 

had committed themselves with both devices. At least this was the case 

as long as the public clocks were not removed from public control. 

The control of the clocks became, first and sporadically in the coun- 
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tryside, then frequently and massively in the factories, a problem 

whose practical importance may have been slight, but whose consider- 

able psychological repercussions can be traced down to this day. pibiie 

prerequisites for this were, on the one hand, the rapidly improving 

accuracy of the clocks after the middle of the seventeenth century, and, 

on the other, the widespread private ownership of clocks in the seven- 

teenth century among the burgher class and from the eighteenth cen- 

tury also among the middle and lower classes. The monopoly of the 

communal public clock was preserved only in the countryside, and 

even there not everywhere. Since almost all appointed times and time 

periods had been switched over by now, the important question was 

less having a clock than controlling it. 

What I have said at the beginning of this chapter about urban day 

laborers applies also to compulsory labor in the countryside as late as 

the eighteenth century — to the extent that it was temporally fixed, that 

is, in terms of days. The daily corveée of the rural subjects was unmeas- 

ured work the extent of which was limited only by the principle of 

fairness and the breaks that were occasionally prescribed, two hours in 

the winter and one hour in the summer. Labor-owing peasants, how- 

ever, could no longer make sure their breaks were kept or demand 

them if the manorial lord had the clock changed or the sundial taken 

down, as is reported to have happened in Wormlage in Niederlausitz 

in the year 1724.°° But the exploitive despotism of tyrants (known from 

folk tales) who falsified clocks*® could be counteracted from the eigh- 

teenth century to a certain extent by private timepieces. Occasionally 

the state supported the afflicted subjects in their struggle. The Regle- 

ment der Hoff-Dienste (“Regulation of Manor Services”) which the 

Demesne Chamber (Doménenkammer ) of Strelitz issued in 1724 for 
the district (“Amt”) of Stargard in Pomerania, sought to put a stop to 
the exploitation of the peasants by the leaseholders. Various services 
are described as precisely as possible, summer work-time and breaks 
by the clock are listed with the following comment: “and here the 
subjects are free to take a proper hour-glass into the field with them 
and to take their cues from it.”°° The same technical device was used by 
the rural cottage workers who — euphemistically speaking — controlled 
their own work time. An older depiction (fig. 67) makes an emblem- 
atic connection between the timekeeper that was undoubtedly often 
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used in weavers’ cottages—though surely no longer called “clepsy- 
dra” — and the passing of the time of life. 

With the transition to industrial production from the end of the 

eighteenth century, the struggles over the organization of time in 

the factories attracted public attention. The factory codes combined 

authoritarian-patriarchal elements of urban and domestic time systems 

with new goals in the economy of time. Hatred for the factory bell 

and the experience that factory owners “falsified” clocks can be traced 

from the early factory reporting, which Marx and Engels summarized 

in detail, to the memoirs of workers in our century.?! Already at the 

very inception of sociocritical fiction, the new time systems — the social 

conditions of agrarian society had been turned into an idyll—were 

described in drastic terms: 

[H]ere, too, the lark had trilled its evening song: except that 

nobody had time to pay any attention to it! 

Not until the great, hoarse factory clock chimed, when 

the gates of the immense working halls swung open on 

creaking hinges, and the supervisors, through clouds of dust 

and steam and sweat, announced the end of working hours 

with raspy voices, did the day come to an end also here. 

(Robert Prutz, Das Engelchen, novel, 1851)°? 

Time measurement and time indication appear here as a prerogative 

that was abused on a large scale and against which people learned to 

defend themselves only slowly and with effort. According to older 

English and Swiss factory laws, factory clocks had to be set by the 

public clock. Occasionally factory owners prohibited the workers from 

bringing private clocks into the factories. From as late as 1907 comes 

a report that rural workers in Apulia pooled their money to buy a 

clock as a countercheck on the prescribed working times.°* The dual 

character of the clock, as an instrument of anachronistic lordship and 

simultaneously a means of overcoming it, is revealed in an account 

(contained in one of Marx’s footnotes) of a conflict in a power-loom 

spinning mill in Wiltshire in 1863. Here the cloth manufacturer had 

the working time announced by the blowing of a horn from the “time 

watcher.” Following a strike, the workers refused to return to work 

until a clock was procured and a new scale of fines was introduced.” 
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Occasionally, however, the clock was physically attacked by the work- 

ers as an instrument and symbol of the tyranny of industrial forms 

of work.”° 

With regard to external aspects of the organization of time, the fac- 

tory of the nineteenth century adopted practical and symbolic elements 

of the time organization of the late medieval city, with the difference, 

however, that clocktime, in the minds of those affected, had become 

largely alienated time dominated by the powerful. Down to the pres- 

ent, the architecture of factories has also reflected the new work ethic, 

first with small clock towers on the ridge of the roof in the manner of 

the medieval predicant orders, then with massive free-standing bell 

and clock towers.”° 

Precursors to Taylorism 

Profound changes became visible in the eighteenth century with re- 

spect to the precision (and the shortening it made possible) of the 

units of calculation that were used in paying for work and assessing 

fines for missed time. In the “Law Book” (drawn up before 1700) for 

the “Crowley Ironworks,” at the time the largest European ironworks, 

we find a detailed time regulation of almost pathological, hardly realiz- 

able perfectionism. The working time of “office workers” should be 

supervised from the office of a “monitor” and recorded to the hour 

and the minute in a “time sheet,” with the numbers written out in 

words. The office had a special clock, “minute dial,” which was to be 

the only authoritative one. Its function as the standard clock was 

underlined by the fact that only the monitor was allowed to operate 

the work bell. To accommodate the many individual work activities, 

the grounds of the works were expansive, and not all activities of the 
“office workers” could be supervised from one office. For that rea- 
son—and this, too, is quite new — these workers were to keep proto- 
cols of where they went and what they did, whereby they themselves 
were to record time not spent for the benefit of the works (“loitering 
hours”). The time that was recorded in the office (“Monitors Neat 
Time”) and the time spent outside minus breaks (“Corrected Extra 
Time”) should then be added and paid by the hours and minutes.” : 

With respect to time controls, this painstakingly precise law book 
goes far beyond what was common in the eighteenth century. In vari- 
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68. Manufacturing of razors in the English manner. Iron plate engraving 

(1783). Photo: Deusches Museum, Munich. 

ous “model factories,” which were probably atypical but much written 

about because of the new experience of highly divided labor, consider- 

able efforts were made in the control of working time also with the 

help of “ time clocks,” a device which at first served to supervise night 

watchmen in the cities. In the porcelain factories of the English entre- 

preneur Josiah Wedgwood, which the workers called “bell-works” 

after the introduction of the factory bell, primitive forms of time clock 

cards were used. At the end of the century, the factories hired a man 

who had to promise to make sure not to get caught observing the 

work activities with the help of a stopwatch.*8 

LArt de PE pinglier, the account of the manufacturing of pins re- 

worked by M. Perronet in 1762, not only describes the highly divided 

production steps but also indicates their times.” Even more modern 

procedures of time recording are found in the Architectura Hydraulica 

of the French fortifications engineer Bernard Forest de Belidor, where 

an astonishingly subtle form of time recording was used in calculating 

the time and costs for driving in pilings for breakwaters and harbor 

walls.1°° For the operation of the pile driver, Belidor calculated the 

time needed for hoisting and dropping the ram in relationship to the 
various soil layers and took into account corrections when the pile 

deviated from a straight line. Next he estimated the output of the 

workers, which declined because of fatigue, by reckoning for twenty 
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working hours a real value of eighteen hours, thirty-two minutes, and 

twenty-four seconds. Because of the high cost of drawing water, he 

recommended having the work proceed day and night. When drawing 

up a contract with the contractor, each piling that was driven in should 

be estimated, inclusive of incidental expenses, at six livres, ten sous, 

eight deniers. There followed other recommendations for the timesav- 

ing use of the driver, “especially since in hydraulic constructions every- 

thing must revolve around this.” This regulation was not so much mo- 

tivated by economics as compelled by the natural circumstances. Tides 

created time pressure. The result was very modern, and since fatigue 

was taken into account it is in fact part of the prehistory of Taylorism 

and the rationalization movement. At the end of the eighteenth cen- 

tury, people had begun to calculate not only time spent in the work- 

place but also productive capacities. The Municipal Archive of Co- 

logne has a list, written in French and dating from the last years of the 

eighteenth century, in which the performance of humans, horses, and 

simple machines is given in meters and kilograms per second.!”! 

In the workshops and factories of the early nineteenth century, it 

was often natural circumstances (for example, the uneven operation of 

water-driven machines) as well as economic problems (for example, 

unevenly distributed workloads) that prevented work from becoming 

regularized and intensified. The steam engine and favorable economic 

circumstances subsequently made possible the headlong industrial 

surge and at the same time the new forms of factory-industrial working 

times that, for a small segment of the workforce, eliminated the dis- 

tinction between day and night, summer and winter. Since then, work- 
ing time has been one of the dominant themes of economic and social 
policy, in two respects. For employers, the rational use of working 
time, “the economy of time,” has been paramount, though its external 
control has remained a major topic with great symbolic significance. 
When Alfred Krupp admonished that “the time and the regulation of 
the clock” be observed in his factories because “each lost minute now 
costs 100 Sgr. in wages without production,” the “horrible differences 
of the clocks” was for him the symbolic expression of impending 
chaos. To prevent it he had a central chronometer installed in the villa 
Hiigel: “We must never tolerate a difference of one minute; only then 
will I be satisfied and reassured, only then do we have an orderly fac- 
tory system (Fabrikordnung).” 
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Erhsht Produktions - Fahigkest 
COMNEACETOLEA punch-clock system rzielt Ersparnisse an Arbeitsléhnen 

from the first issue of the PRITEG- oie elart Be pores 
Nachrichten, the company paper of N (e) ZENTs 

the Fuld & Co. Telephone and Tele- FRANKFURT ra: MAINTERIANDSTR.3640 
graph Works, 1923. MIEDERLASSUNGEN: BERLIN - HAMBURG -ESSEN- DUSSELDORF -STUTIGART-BRESLAU-SAARBRUCKEN 

Workers, too, discovered the topic of working time and in the nine- 

teenth century made the workday into the object of political struggle. 

The often-described road to the shortening of working time led, at 

a different pace under varying political constellations and in various 

countries, to the normal workday and accordingly to leisure time as a 

measured and contested quantity.'°* With the new aspects of vacation 

and the shortening of lifetime work, working time has remained a 

prominent theme down to the present, and discussions about flexible 

working hours are keeping people aware of the significance of mea- 

sured time. 
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Coordination and Acceleration: 

Timekeeping and Transportation and 

Communications up to the Introduction of 

“World Time” Conventions 

The terms “universal time” and “world time” came into common use 

from the end of the nineteenth century in connection with the discus- 

sions and conventions on standardizing and coordinating all local and 

regional customs for determining the time of day. Uniform practices 

in the chronology of years and in dating had been widely established 

in the Late Middle Ages and the early modern period; it became appar- 

ent from the end of the eighteenth century that the acceleration and 

growing density of transportation and communications also necessi- 

tated the synchronization of local and regional times. Until then, local 

times or the various “burgher times,” as they were called in the nine- 

teenth century after their origin with the city burghers, had remained 

the times of unconnected “urban monads.” 

While mechanical clocks and sandglasses had made it possible to 

compare day times and abstract periods of time since the Late Middle 

Ages, the conventions of universal time at the end of the nineteenth 

century now made it possible to relate them to one another with re- 

spect to their temporal location. The international Meridian Confer- 

ence in 1884 initiated the final disappearance of the “urban monads.” 

In the Middle Ages, too, people had been aware not only of the 

connection between geographic latitude and the length of the day, but 

also of the difference between local times. At least the educated, for 

example, had been familiar with the fact that in the summer daylight 

in England was much longer than in Italy, and that the sun rose later 

in Paris than it did in Regensburg. These differences were taken into 
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consideration for astronomical observations; however, given the slow 

speeds in communications and transportation, this kind of knowledge 

made no difference on a practical level in everyday life. 

At first sight only one epochal threshold becomes apparent: the de- 

velopment of railroad and telegraph technology. Prior to that, terrain, 

weather, and the strength and fatigue of animals and humans set im- 

mutable natural limits to all speeds of travel and transport. These 

speeds could be raised to a certain extent only through a system of 

“postal” transport that was known already to the high cultures of an- 

tiquity. 

“Postal” refers to a technique of transport which eliminates the natu- 

ral factor of fatigue with the help of messenger relays, horse changes, 

and the maintenance of changing stations or relays (posts).' In this 

way the short-term maximum effort attainable by animals and humans 

could be turned into average, continuously maintained speeds for 

transports over long distances, as well. 

Ancient authors report quite astonishing speeds and distances in the 

transmission of signals and messages via chains of fire, smoke signals, 

and calling signals. Despite the fact that recent scholarship has de- 

bunked many legends about ancient communication techniques, it re- 

mains uncontested that from the fifth century B.c., at the latest, eftec- 

tive signal relays for governmental and military purposes were known 

and used. Deserving of our interest among these reports are schemes 

by ancient authors that sought to use contemporary time-keeping 

technology to move from the transmission of single signals to the 

transmission of messages. Polybius reports the following suggestion 

by Aeneas Tacticus (“the Tactician”), a Greek writer of military treatises 

in the fourth century B.c.: two calibrated outflow vessels exactly equal 

in size should be equipped with a float and a rod divided into fields to 
which various messages could be assigned (“cavalry have entered the 
country,” “hoplites,” etc.) (x.44). Once a fire signal has been given, 
both “water clocks” should be opened. When the message field on the 
sinking rod of the “sender” reached the rim of the vessel, a second fire 
signal stopped the “transmission,” and the “receiver” could read the 
message from his own rod. In a collection of war stratagems written 
in the second century, Polyainos, a jurist living in Rome, attributed to 
the Carthaginians the development of an improved “clock telegraph” 
(v1.16). The dials of two clepsydrae of the Vitruvian type (see chap. 
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2, Continuous time-indication and automata mechanisms) should be 
inscribed with the kind of supplies that had to be taken from Africa to 
Sicily. A starting signal began the message; a second fire signal stopped 
it and would allow the message to be read from the clepsydra, which 
would have to be operated after sunset. Leon “the Mathematician” is 

said to have suggested a similar procedure with two synchronous wa- 

ter clocks to emperor Theophilus in the ninth century for setting up a 

message link between Cilicia, where attacks from the Saracens were 

expected, and Constantinople. In the nineteenth century, all these 

projects, unworkable for many different reasons, were made into pre- 

cursors of optical telegraphy, and they contributed to an overestima- 

tion of ancient signaling technology that has in many instances per- 
sisted to this day.? 

No new transmission and transportation technologies were devel- 

oped in the old European world. In his handbook of postal courses, 

Ottavio Codogno explained around 1600 that with respect to the 

speed of transport, the contemporary courier system was inferior to 

that of Roman imperial times.* If we compare the individual reports 

that are extant, we find that the post had in fact not gotten any faster. 

During the Roman Republic, as during the French Revolution, a letter 

could be taken from Rome to Paris in ten days, at best. The difference 

lay in the fact that until the beginning of the modern period, such 

rapid connections were in every case maintained only for brief periods 

for privileged users at great economic and political-administrative cost. 

During the French Revolution, by contrast, everybody who paid the 

postage could use these links and, moreover, expect that the forward- 

ing time would be met and connections to other cities would be en- 

sured. The early modern postal system had turned what had earlier 

been unusual transmission speeds into the rule. 

The history of communication and transport speeds and of the 

postal system in the various countries has been well researched, and 

we can concentrate here on the question of what role the new techno- 

logies of timekeeping played in the gradual coordination and accelera- 

tion of communication and transportation links. In the process I shall 

try to shed more light on the “creeping” evolution — so to speak—of 

acceleration processes within the transportation systems that were tied 

to natural conditions. Our starting point is the observation that the 

time-organizational means of acceleration appear to have been due to 
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a process of “literary reception,” and that the first known practical uses 

of the new time-measuring techniques can be observed once again in 

Milan under the Visconti. 

Reports about the postal system in Asia 

The word “post” for stations of a message system operated on a regular 

basis was used in medieval Europe for the first time in Marco Polo’s 

account of his travels in Asia, which was written around 1298. This 

famous traveler reported that the Great Khan had the roads radiating 

into the country from Peking furnished with stations where his mes- 

sengers and envoys could change horses. The distance between these 

posts was between twenty-five and forty miles, depending on the ter- 

rain. Between the posts were small hamlets, about three miles apart, 

that were relay stations for the unmounted couriers. This part of the 

postal system worked as follows: 

They [the runners] wear large belts, set all around with bells, 

so that when they run they are audible at a great distance . . . 

And at the next station three miles away, where the noise 

they make gives due notice of their approach, another cou- 

rier is waiting in readiness. As soon as the first man arrives, 

the new one takes what he is carrying and also a little note 

given to him by the clerk . . . And I can assure you that by 

means of this service of unmounted couriers, the Great 

Khan receives news over a ten day’s journey in a day and a 

night . . . So in ten days they can transmit news over a jour- 

ney of a hundred days . . . I assure you that the [mounted] 

messengers ride 200 miles in a day, sometimes even 250.4 

The postal system, like paper money, was one of the standard topics 
in medieval travel accounts of Asia. In the thirteenth century the Mon- 
gols had set up a postal system with horse relays and express messenger 
relays on the old Persian model, and after conquering China they re- 
structured the similarly organized Chinese postal system.’ These posts, 
set up for military and administrative purposes and organized in a cor- 
respondingly military and bureaucratic manner, struck travelers from 
the West with admiration. Aside from the relays that were posted in 
regular intervals independent of settlements, the travel accounts ex- 
press amazement, especially about speeds. Marco Polo tells us that the 
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Chinese express messengers covered a distance of a normal ten days’ 
journey in one full day. The account by Odoric of Pordenone (ca. 1325) 
speaks of the distance of a thirty-days’ journey, a number which some 

manuscripts corrected downward to three.© The Dominican friar Jo- 

hannes von Cara reports (ca. 1330) that news from a distance of a three- 

months’ journey were transmitted within fifteen days,” and the widely 

read Mandevilles Travels (1356), though entirely compiled from second 

hand, gives in the original French version once again a ratio of one to 

three.* There is not much one can say about these relative numbers; 

hence the information in Marco Polo’s account, which on the whole 

is considered to be reliable, about the distance covered in one day by 

mounted messengers also causes us some difficulty. If we take as our 

base value the Venetian mile (1 miglio = about 1.7 kilometers), rela- 

tively short compared to all the miles in use at the time, we arrive at a 

daily distance of between 340 and 425 kilometers. Even these figures 

are still far above the speeds of the posts as ordered by Gazan, the 

Mongol ruler of Iran (1295-1304). Here the distance between the 

postal stations was to be 3 parasangs (16.5 kilometers). The official mes- 

sengers were to cover 30 to 40 parasangs within twenty-four hours 

(165 to 220 kilometers), the express messengers as much as 60 para- 

sangs (330 kilometers).” 

Following Persian and (indirectly) Egyptian models, an expansively 

organized postal system (“cursus publicus”) — serving exclusively the 

purposes of government and using relay stations and relay riders — had 

been organized in Roman imperial times. However, as with the Asian 

postal systems, it is unclear whether it was continuously operated over 

longer periods of time. The maximum daily distance in this system is 

given as 165 to 220 kilometers, the average distance as 80 kilometers.'° 

In late antiquity, however, the cursus publicus collapsed along with 

the political structure. Reasons for its demise were the high costs and 

the problems of requisitioning horses, carts, quarters, and supportive 

services from the populace. Beginning in the thirteenth century, these 

postal systems were rebuilt—on the Mongol model—in Egypt and 

Syria. Horse relays, as well as a well-organized pigeon post, linked the 

strategically important lines from Cairo to Damascus (reachable in 

four days), Beirut, Aleppo, Tripoli, and Baalbek."? 

Medieval Europe no longer had large-scale political and administra- 

tive structures that could have maintained such postal systems. Thus 
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the speed of messages reported from Asia had to cause astonishment. 

Although the maintenance of relay horses and messenger services are 

attested as part of feudal tenures, a state-organized postal and messen- 

ger system no longer existed in the early and high Middle Ages. The 

papal curia and great territorial lords, such as the kings of Aragon, 

maintained their own messengers or used traveling clerics and mer- 

chants as the need arose. Cities, monasteries, and universities also 

employed messengers (mostly on foot), who were in part organized 

into messenger establishments.” The city of Strasbourg, for example, 

maintained a major establishment with dozens of permanently em- 

ployed messengers. According to the messenger codes of 1443 and 

1484, they were paid a fixed rate for each mile they covered. If they 

had to run, ride, or drive day and night, extra pay was due.'* 

Regular messengers were also maintained from the thirteenth cen- 

tury by the Italian merchant houses. Contacts with the merchants’ 

agents (the factors) at the cities of the great fairs in Champagne and 

with the branch offices in France, Flanders, England, and Spain led to 

permanently organized communication links with collective transports 

of letters on fixed routes and dispatch times that were coordinated 

with the dates of the fairs. In the regulations concerning the “cursores” 

in the statutes of the guild of clothmakers in Florence (before 1301), 

the couriers were obligated by oath to complete the journey to and 

from a place within fixed periods, without detours and without inter- 

ruptions.'* The institution of the fair couriers disappeared in the sec- 

ond half of the fourteenth century. However, after this time we con- 

tinue to find letter services maintained by merchants. F. Melis has 
reconstructed the routes and conveyance times within this network, 
which linked Europe with the Mediterranean region, from the let- 
ters— more than 100,000—in the Datini archive in Prato.!5 Melis 
points not only to the extraordinary frequency of dispatched letters, 
but also to what appear to have been fixed mail departure times for 
individual routes. Thus, in Florence around 1400, mail was dispatched 
every Saturday, at the least, to Genoa, Milan, Pisa, and Rome. 

The speeds of communications and transport 

By now, numerous studies on the speed of the transmission of mes- 
sages and the transport of passengers and goods within old world Eu- 
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rope have yielded, on the one hand, remarkably consistent average val- 
ues, and, on the other, extreme variations even with transports and 
transmissions that are well suited for comparison.!° A day’s journey is 
pegged at an average of thirty kilometers, fifty kilometers at the most. 

The actual distance frequently fell short of average values; high values 

could hardly be attained several days in succession. Even on identical 
routes, the seasons, the weather, and the conditions of the road (which 

varied a good deal) led to travel times that fluctuated to an extraordi- 

nary degree. 

The usual means of transporting news was the messenger on foot, 

whose daily performance probably did not exceed the normal speed of 

travel. But far greater speeds could be reached in the transporting of 

messages, letters, and light goods. Here we must distinguish between 

sensational, exceptional performances, standardized speeds, and aver- 

age values calculated on the basis of extensive data. A skilled horseman 

could cover between seventy and one hundred and fifty kilometers a 

day, a pace that could be maintained over several days only with a 

continuous change of horses and couriers. That required organiza- 

tional prerequisites, horse stations, lodgings, and considerable finan- 

cial means. Courier relays were therefore set up only on rare occasions 

and then only for limited periods. For example, King Alfons of Naples 

in 1444 established relay lines—some of them with daily connec- 

tions — to Calabria (Cosenza and Atr1).!” 

There is no lack of examples from ancient times on of extraordinary 

courier speeds with and without change of horses. In order to send 

a message that concerned a cathedral provostship in Wiirzburg from 

Nuremberg to Venice in the year 1494, Duke Albrecht of Saxony 

promised the Nuremberg resident Jakob Krause eighty-four Rhenish 

gulden— twice a worker’s yearly wage or a small pension — on the con- 

dition that he complete the distance in four days. For each additional 

hour two gulden would be subtracted. Jacob Krause’s receipt reveals 

that he set out from Nuremberg on Friday evening, February 14, “at 

twenty-three hours as it strikes in Venice,” and arrived at his destina- 

tion Tuesday night “at one quarter before ten o’clock at night.”!* For 

the ten and three-quarters hours he was over, his wages were therefore 

reduced by twenty-one and a half gulden. This example — chosen be- 

cause of the apparently common conversion of Venetian into Nurem- 

berg time in the fairly precise hour indications —shows that speed 



330 

(ClSUAUP WIE RR WEIN 

commanded a high price. Jakob Krause’s ride, however, was no pursuit 

of a record, and his payment was in keeping with normal fees. In the 

papers of the Augsburg company Paumgirtner we find after 14.90 a list 

of costs for express messengers. The “common wage” for the distance 

from Venice to Nuremberg amounted to twenty-five gulden for the 

normal delivery time of six days; it rose as high as eighty gulden for a 

delivery time of four days.'” 

The delivery time for a normal letter from Pisa to Champagne 

amounted in the thirteenth century to twenty to twenty-two days. Ac- 

cording to F. Melis’s analysis of the Datini letters, a letter on the com- 

parable route from Florence to Paris around 1400 took twenty-one 

days on average, in the best case ten days. The same time is given in 

the section on letter delivery times in the Practica della mercatura 

(around 1450) of Giovanni Antonio di Uzzano from Florence.”° 

Fast delivery times (in parentheses) and average delivery times in days on routes men- 

tioned with greater frequency: 

Datini letters Practica 

Florence-Rome (2s 5-6 

Florence-Milan (2) 6 10-12 

Florence-Paris (lo) on 20-22 

Rome-Paris (13) 26 

Rome-Bruges (20) 31 

Paris-Brussels/Bruges Gre 

The section on delivery times (“Termini di Chorieri di andare da luogo 

a luogo”) in the Practica and the empirical times extracted from the 

letters resemble the standardized times rather accurately, of course 

with the exception of the extremely long time given by Giovanni Anto- 

nio for the route from Florence to Milan. In the middle of the fifteenth 

century, the general traffic in messages thus did not function any faster 
than it had in the thirteenth century, though in all likelihood far more 
regularly and reliably. 

Hour passes 

Connections that were calculable and punctual to within a few days 
were sufficient for merchants to transact their normal business in 
goods and money. Commercial practices and the legal framework took 
the efficiency of the means of transport and conveyance into account. 
Obvious need for greater speed in transport and communications links 
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existed above all in mercantile speculation and in the military sphere. 
News about harvest sizes and prices, about cargoes and shipwrecks 
were as prized and — figuratively speaking — highly traded among mer- 
chants as reports about the actions of the enemy among generals, for 

whom a quick shifting of troops could decide the outcome of a cam- 
paign.*! In both cases there existed an ardent interest in the fastest 

possible and exclusive conveyance of information. News of speculative 

importance lost value in the degree to which it became widely acces- 

sible, and movements a military enemy knew about or could follow 

became useless. 

In cases of deaths, proclamations of rulers, or declarations of war, 

the speed of transmission could become a factor of political or military 

relevance. News of the election of the Borgia Pope Alexander VI on 

August 11, 1492, had spread in Florence within about twelve hours, 

but it reached a Venetian delegation in Swabia only nine days after the 

event.” “Sensational” speeds are reported especially for news of this 

type. Much more rarely do we hear about crucial delays, about the 

political consequences of the time difference in the transmission of ru- 

mor and authorized news, or about the effects of transmission speeds 

that were far below average.** 

Then, at the end of the fourteenth century, attempts were made to 

secure or even accelerate the standard delivery times of news by setting 

up rates in a specific way. In 1390, the managers of the cathedral work- 

shop in Milan and their messenger agreed that he would receive ten 

florins if he brought the letters to Rome in eight days. If it took him 

nine days he would receive only nine florins; if it took him ten days, 

only eight florins.** F. Melis mentions a messenger contract from the 

year 1394 that stipulated not only deductions from the wage for ex- 

ceeding delivery times but also rewards for coming in under them.” 

Until the end of the fourteenth century, however, delivery times con- 

tinued to be measured only in days.”° 
With the help of clocks, a transition to smaller time units was made 

at the end of the fourteenth century. New methods of time control 

appeared first in the military-political sphere, and from the end of the 

fifteenth century they were permanently established in the emerging 

European postal systems. 
Marco Polo’s travel account was a great literary success. The original 

version in Old French was soon followed by translations into Latin 
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and Tuscan, in which the text was in part shortened, in part purged, 

but in part also expanded with explanatory additions. The first printed 

version, which most older translations followed, was published by 

Gian Battista Ramusio in Venice in 1559. It presumably followed a 

Latin manuscript that has now been lost, and in which the text quoted 

above was expanded by an interesting passage. According to the addi- 

tion, an official at the Chinese postal stations recorded the day and 

hour of the arrival and departure of the messengers.” 

The other contemporary accounts by travelers to Asia contain no 

comparable information. Time controls, however, were quite common 

in the Asian states. In Iran, courier passes were marked with a sign for 

on-time or late arrival.?* In China, too, passes were marked with 

the times of arrival and departure using the Chinese hours (unequal 

double hours). It is unclear, however, what sort of timekeeping devices 

were employed.’? These certificates served the purpose of checking up 

on the messengers, who were supposed to cover three stations per day. 

But they were also intended to keep the messengers from wrecking the 

horses. Whether reports of these practices reached Europe, whether 

they might go back to Marco Polo himself, or whether they were only 

added in the fourteenth century is not something we can determine. 

It is striking, though, that they circulated at a time when two compar- 

able techniques of control came into common use in two places in 

Europe.*° 

Among the approximately 30,000 extant pieces in the letter archive 

of the Teutonic Order there are about 1,800 “express letters,” that is, 

for the most part letters directed to the Grand Master at whatever place 

he happened to be and marked with formulaic notations of urgency. 

About 1,500 of these “express letters” contain in addition “praesentata 
notices,” list-like notations with hour indications of the places of dis- 
patch and transit. 

1420 Apr. 5, To the honorable Grand Master with all rever- 

ence day and night . . . Left from K6nigsberg on Friday be- 
fore Easter hora IX before midday. Left from Brandenburg 
on the same day hora XII at midday. Left from Balga on the 
same day hora sexta.*? 

Striking clocks were consistently used for these notations: 

1409 Aug. 6, Left... when then clock struck IX before 
midday. — Left from Papau when the clock struck I after 
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midday. — Left from Grudenz when the clock struck V after 
midday on the same day.** 

Indications such as “when the clock was about to strike V” or “be- 
tween HII and V after midday” show the limits of more precise time 

indications. It is also striking that the praesentata notices with hour 

indications begin only on the territory of the Order, which means that 

they were still not common outside of this area. The commanderies, 

“Vogteien,” and “Pflegeamter” were linked together into a network of 

relay stations for the Order’s communications system, whose begin- 

nings lie presumably in the years around 1400, from which time come 

the first reports about a tower clock at the Order’s headquarters, the 

Marienburg. However, many of the other houses of the Order — con- 

vents, military strongholds, and centers of landed lordships— were 

also equipped with mechanical tower clocks as early as the beginning 

of the fifteenth century. Moreover, thousands of individual notices 

show that the installation of clocks was already very dense. This is con- 

firmed not only by the large number of hour notations in letters, but 

also by the time indications 1n the records of the diets from the sphere 

of the Order’s jurisdiction. Dials also dominate the town views of the 

former branches of the Order in Christoph Hartknoch’s Altes und 

Neues Preufsen (1648) (fig. 70).%° 

To be sure, the Teutonic Order did not play a pioneering role in the 

diffusion of modern time-keeping at the beginning of the fourteenth 

century.*° In the fifteenth century, though, it knew how to make quick 

use of the new technology of time-keeping for its undeniably modern 

administrative organization. 

In looking at the delivery times on the most frequented express let- 

ter routes in the territory of the Order, we notice remarkably high 

speeds in individual cases, on the one hand, and extreme variations in 

the speeds, on the other. It took anywhere from one hour to fourteen 

hours to cover the route from K6nigsberg to Brandenburg. The pur- 

pose of the praesentata notices was evidently to check on the messen- 

gers and to pinpoint the causes of delays. This communications system 

spanned an enormous territory. The Baltic was reached via Konigsberg 

and Memel. From Thorn, messengers went to Poland, Hungary, Sile- 

sia, Austria, and Bohemia. The branches of the Order served as horse 

and messenger relays and received in return subsidies from the treasury 

of the Order. Although it was exclusively in the service of military and 
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7o. View of Frauenburg from Christian Hartknoch’s Altes-und Neues 
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administrative purposes (merchant letters were transported consider- 

ably more slowly in the same region),*” this communications system 

still displays — despite the irregular delivery time — typical features of a 

more modern postal transportation technique. Whether the Order, in 

systematically setting up permanent relay lines, drew inspiration from 

Asian models remains a speculative question. However, when it came 

to the technique of controlling delivery time, there were also models 

from northern Italy. 

In Milan of the Visconti at the end of the fourteenth century, relay 

lines (called “poste”) were maintained at least in times of military ten- 

sions, and here too we find the formalities of what were later called 

“hour passes.” From the small town of Trezzo sull’Ada, Barnabo Vis- 

conti informed Lodovico Gonzaga in Mantua on June 4, 1373, that his 

enemy, the Signore of Ferrara, who was allied to the pope and the 

Duke of Savoy, was moving toward Bologna. On the back the letter 

bears the posting mark with a modern hour indication of a messenger 

who set out on horseback from Brescia. A little later (1387-1389) we 
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find continuous markings with the departure times for individual sta- 
tions and references to chains of couriers organized like relays. Later 
examples then show what was for hour passes a typical combination 
of the demand for lightning-fast conveyance with the threat of horrible 

punishments. For example, we read the following on a dispatch of 

Filippo Maria Visconti, dated November 27, 1427: “On penalty of a 

thousand gallows it shall be carried by our messenger day and night, 

not fast but like lightning, fast, fast, fast, fast, fast, fast, fast; posted in 

Milan in the twenty-second hour.”** From the beginning of the fif- 

teenth century, relay courses after this model — which naturally presup- 

poses the use of modern clocks — were set up in Italy. A postal code of 

Ottoboni Terzi (Lord of Reggio Emilia, Parma, and Piacenza) from 

the year 1408 combined modern controls of letter delivery times with 

regulations on the normal speed of messenger traffic. His officials were 

to pay heed that the mounted couriers covered five miles per hour in 

the summer and four in the winter, the foot couriers a mile less. Every 

mile under the norm was to be punished with one blow from a cane.*? 

With the help of relays of “posted” couriers and horses, the natural 

limit to the acceleration of news had been reached, or reached again, 

around 1400, at least for certain stretches. The early hour passes, in a 

sense an early form of the postmark, were not an indispensable but 

certainly an effective and relatively modern means of control for this 

technique of transmission. At the same time, modern hour-reckoning 

changed the general perception of routes and distances. In the corre- 

spondence of the dukes of Milan, the postal distance Rome-Naples 
was given as thirty hours, that from Rome to Milan as eighty and a 

half hours.#° No longer the day but the hour had become the measure 

of the speed of travel. 
Already around 1400, all organizational means for accelerating the 

conveyance of mail that would be available until the beginning of the 

nineteenth century had been exhausted. But only the postal services 

that arose at the end of the fifteenth century combined methods of 

transport and time control into permanent and large-scale organiza- 

tions. 

The “invention” of the postal service and the Taxis family 

To legitimate its claim to the heritable position of postmaster in the 

German Reich, the Taxis family always maintained that in the time of 
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Emperor Frederick II it had invented, through posts and couriers, 

the means of imparting the requisite speed to the news service of the 

princes.*! Members of the Taxis family were “the first inventors and 

originators of this postal service” and thus had claim to the imperial 

fief.*? In the letter-happy century of the Enlightenment, the invention 

of the postal service was placed in the same category as the discovery 

of America.*? However, the typical features of the postal service were 

in fact not revolutionary innovations; new in the postal system of the 

Taxis family, even though this has been occasionally denied, was only 

its setup as a “sub-contracted” state enterprise and its gradual interna- 

tionalization.** 

The rise of the Hapsburgs to a European power was the occasion 

and prerequisite for the development of a stable postal system. 
Through his marriage to Mary of Burgundy, Maximilian I, elected 

king of the Romans in 1486, had become heir to the highly developed 

Netherlandish part of the Burgundian kingdom. In 1489 he also took 

over the government in the Duchy of Tyrol, which he inherited in 

1496. Through his son Philip the Fair the Kingdom of Spain was sub- 

sequently linked with the house of Hapsburg. In order to secure com- 

munications between the widely dispersed parts of this realm, Maxi- 

milian engaged members of the family of Taxis, which hailed from 

northern Italy and had previously been active in Venetian and papal 
courier services. 

The first documents of this new, international postal system are five 

hundred years old. Chronicles of the city of Memmingen report its 

establishment in the year 1490. The term “postal system” (German: 
“Post”) refers to a setup in which nearly all known organizational 
means of conveying information were combined to give rise to the 
early modern postal system: post stations at regular intervals, changes 
of horses and couriers, fixed delivery times, acceleration through con- 
tinuous transport, and — implicitly — the organizational framework of 
the state. It was this combination which appeared as a significant inno- 
vation. 

In this year they began to establish the posts at the order of 
Maximilian I the Roman king, from Austria all the way to 
the Netherlands, France, and Rome. Everywhere one post 
was separated from another by five miles [38 kilometers] 
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(and everywhere one courier had to wait for the other, and 

as soon as the other came riding to him he blew into his 

horn; the courier lying in the lodgings heard this and had to 

rise immediately) . . . one courier had to ride one mile each 

hour, that is two hours far, or deductions were made from 

his wage, and they had to ride day and night. In this way a 

letter often made it from here to Rome in five days.*® 

The resemblance to Marco Polo’s account is striking but surely coinci- 

dental. Although it based itself in part on contemporary reports, the 

chronicle undoubtedly gives too short a time for the delivery of a letter 

to Rome. The distance between the posts and the speed of one mile 

an hour, though, whereby one geographic mile was set at the distance 

of a two-hour journey, correspond approximately to the conveyance 

activities we can ascertain from the hour passes. 

For France, too, it is reported that individual courier relay lines were 

set up at the end of the fifteenth century for the royal message traffic. 

However, the edict of Louis XI (dated June 19, 1464), according to 

which the main roads of the kingdom were to be furnished with sta- 

tions for relay couriers at intervals of four lieues and letter packages 

were to be signed with the day and hour of transit, is presumably a 

seventeenth-century forgery.*° 

According to the hour passes of the Taxis postal service that have 

survived from 1494 on (at the time called “lista de posta” or “Post- 

Zed|”), the postal routes under Maximilian initially linked Innsbruck 

with Milan, Vienna, Augsburg, Worms, Mecheln, and Brussels.*” The 

wording of the passes clung closely to the Milanese models. As an 

example I shall give an hour pass for a dispatch that ran between the 

seventh and eleventh of February from Milan via Bormio to the king, 

whose whereabouts were not known to the postmaster in Milan. On 

the outside: “Lista. Per postas Cito Cito Cito Cito. Expeditum.” Next 

to it once again a drawing of a gallows. The formulaic threat of the 

gallows remained in use in the Taxis postal system until the middle of 

the sixteenth century, whereby it was gradually stylized into a sym- 

bol: XOX.*8 

1495 Milan Friday February 6 [7], at the eighth hour [= 1 

o’clock A.M.] couriers of the post to Bormio and onwards 
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to where the most gracious Roman king is! Transmit this 

pouch [“bolgieta”] quickly, quickly, quickly, quickly, flying 

day and night, without losing any time, because these are 

matters of the greatest importance . . . by signing this slip 

from post to post.*? 

There follow the various transit stations with transit times — according 

to the Italian hour-reckoning as far as the mountain pass, thereafter 

according to central European reckoning. In the earliest examples 

the notices of the change of courier on the Italian side are always 

signed off by a high local official, the procurator or referendarius. 

The verification of transit times by political authorities still points to 

the original governmental character of the organization of relay 

lines. 

As with the Asian post and the couriers in the territory of the Teu- 

tonic Order, the routes were not links between cities, because the latter 

did not lie along the shortest route and because they would have de- 

layed the activities and made them more expensive with their cumber- 

some gate-closing regulations. The conflict between the time require- 

ments of postal conveyance and the urban time system that was still 

largely oriented to daylight was a permanent topic for the Taxis postal 

system. The routes, instead, linked the administrative seats of the court 

with the respective whereabouts of the temporary residence of the king 

and thus had to be frequently newly “laid.” Cities that were reached 

by the imperial post via branch routes continued to run their own 

messenger services. 

The analysis of the extant hour passes confirms the information in 

the chronicle of Memmingen. The intervals between the stations were 

between four and five (geographic) miles, and the average speed of 
transport was not quite one mile per hour, that is to say, between one 
hundred twenty and one hundred eighty kilometers per day.5° Ac- 
cording to an hour pass filled in on March 31, 1506, by Franz von Taxis, 
a package of letters went from Mecheln to Innsbruck in five and one- 
half days. One hundred and thirty-two hours were needed for one 
hundred and three miles (164 kilometers). On one segment of the 
route the shipment also included private postal matter, which was de- 
livered separately to an urban recipient. 

There is a package in this bag, it belongs in Augsburg into 
the hands of Anthony Welser, and you will find a letter with 
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it and XII plapart [half groschen] inside; with it you can 

send a courier immediately to Augsburg.*! 

As security against the always precarious financing by the emperor, the 
quasi-ofhicial Taxis postal system had opened itself to private customers 
who could use it for a fee. 

In January of 1505, Philip I the Fair, King of Spain and Archduke of 

Austria, drew up a contract with Franz von Taxis, who had been 

named chief postmaster in 1sor. According to the terms of the contract, 

von Taxis was to set up postal routes from Brussels to the Spanish- 

Dutch residence of the governor, to the king in Germany, to the 

French court, and to the sometime residences of the king in Aragon, 

Castille, and Granada.*? In return for 12,000 livres per year, Franz von 

Taxis was to maintain, at his own expense, mounted posts and trans- 

port the official correspondence at no additional charge. In times of 

war he had to ensure the fastest possible shifting of threatened routes 

and maintain contact with the commander in the field by means of 

posts that were spaced four miles apart. The delivery times were also 

fixed in the contract: from Brussels to Innsbruck 5 1/2 days in the sum- 

mer (6 1/2 in winter), to Paris 44 (54) hours, to Granada Is (18) days. 

In a new contract, Charles I of Spain — after 1519 Emperor Charles V — 

had the routes expanded, among other destinations to Rome and 

Naples. Rome should be reached from Brussels in ro 1/2 (12) days, the 

route Brussels-Paris was to be shortened to 36 (40) hours.5* Even if 

these delivery times could not always be consistently maintained, we 

can see that the stable organization of the Taxis postal system cut the 

conveyance times of letters and messages approximately in half com- 

pared to those of Italian merchant letters.°* 

Adherence to the contractually guaranteed conveyance times in the 

“Extraposten” (“special dispatches or conveyances”) was checked in all 

European postal systems by hour passes, which from this time on were 

customary in some systems, and obligatory in others.*° 

Although the contracts stipulated that the postal lines of the Taxis 

were to be run or established only for royal letters and business, the 

transport of private postal matter was not explicitly excluded. This en- 

sured the Taxis a profitable monopoly, though in the years to come it 

had to be protected with much effort, by means of numerous privi- 

leges and patents, against competition from older, local courier and 

postal institutions. 
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“Postal reform”: the coordination of routes 

The expansive political structure of Hapsburg rule had been favorable 

to the creation, in the German Empire under the leadership of the 

Taxis family, of a postal system that spanned large areas. Inevitably the 

postal system was also affected by the political crises of the Hapsburg 

empire. The division of the Hapsburgs into a Spanish-Netherlandish 

and an Austro-Bohemian line, the strengthening of the territorial lord- 

ships within the Empire in the course of the confessional conflict, the 

revolt of the Netherlands, and the bankruptcy of the Spanish monar- 

chy: all this threatened the financial and administrative up-front ser- 

vices as preconditions for the running of the postal system and cast the 

various branches of the Taxis family into conflicts of loyalty and finan- 

cial difficulties. The Protestant estates of the Empire, in particular, mis- 

trusted the Netherlandish postmaster general. Competing postal in- 

stallations, particularly urban ones, flourished again. Around 1570, the 

imperial postal system had largely collapsed. The end of the century 

saw the beginning of the “postal reform.”°° 

Following the stabilization of conditions in the Catholic provinces 

of the Netherlands, Leonard von Taxis was appointed chief postmaster 

general of the German Reich in 1595, and once the debt questions had 

been settled the reorganization of the postal routes was undertaken. 

The conveyance of private letters was now intended to finance the con- 

veyance of official correspondence and the maintenance of the relay 

routes. The interest of merchants in reliable connections emerges as a 

noticeable motive alongside the governmental-administrative interest 

in fast connections. The first step was the elimination of the “secondary 

courier systems.” In 1597, Rudolph II elevated the postal system to an 

imperial prerogative and made its unauthorized exercise punishable. 

Only the Imperial Post of the Taxis was allowed to transport letters 

“postally,” that is, with horses posted at intervals and with courier re- 

lays. City couriers were permitted on the condition that they trans- 

ported their parcels “without any change” of couriers.°7 

The European postal routes were subsequently linked together 
through numerous agreements. Punctual transportation, that is above 
all adherence to fixed delivery times, was now important not only for 
the guaranteeing of minimum speeds, but also for the intermeshing 
of routes, their coordination. Thus the postmaster of Cologne, Jakob 
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Henot, as the plenipotentiary of the Taxis Post, explained to the em- 

peror (in a report of May 8, 1596) the importance of the punctual pro- 

cessing of the mail from Prague to Augsburg by pointing out that the 

imperial mail would be idled in Augsburg for one week if it did not 

reach the main route from Augsburg to Speyer, Cologne, and the 

Netherlands, on the one hand, and to Innsbruck and Italy, on the 

other, punctually on the hour.** 

Hans Fugger, in his capacity as imperial commissioner for postal 

reform, had written to Leonard von Taxis: “everything depends on 

reliability; the merchants, too, are especially concerned with this.” 

The delegates of the imperial postmaster tried to organize the sys- 

tem of routes around this maxim of reliability. Examples are the ar- 

rangements which Jakob Henot concluded in the spring of 1598 

in northern Italy. First he entered into an agreement with the post- 

master of the dukes of Mantua by which the latter was to serve 

the route from Mantua to Trest with couriers within twenty-four 

hours, whereby a separate register of the hours of arrival and depar- 

ture had to be kept. On the same day Henot concluded in Verona an 

agreement with the Venetian postmaster by which the mail that 

accumulated in Verona had to be taken on Saturdays to Volargne to 

the postal route from Mantua to Trieste. In order to better serve the 

merchants and traders, the mail coming from the north should be 

brought from Volargne to Verona in four hours via an express courier 

service.°? A few days later, Henot came to an agreement with the 

royal Spanish postmaster general in the Duchy of Milan to the effect 

that the mail from Rome, Genoa, Florence, and Lombardy was to 

be in Mantua Fridays at the midday hour, and that the mail coming 

from the north was to be delivered to the recipients in northern Italy 

by express couriers (“con cavalcata espressa”).°° Numerous similar 

postal contracts and postal regulations made the careless filling in of 

the hour passes or delays on the various segments of the routes pun- 

ishable. 
To be sure, the development of the postal network and the adher- 

ence to specific transportation speeds served directly to accelerate ur- 

gent news or to transport letters for certain senders or recipients.** But 

it had also become a means of coordinating the postal routes, and the 

system of these routes, according to the wording of the sources, now 

served primarily the commercial exchange of news. 
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Increasing precision in the eighteenth century 

After the Thirty Years’ War state postal services were deliberately set 

up, especially in the Protestant states, and those that set them up had 

recourse to a (legally controversial) territorial postal privilege. Such 

systems were set up in part because of a mistrust of the imperial postal 

service, in part because of the obvious profitability of such institutions. 

What distinguished the territorial postal services from the imperial 

postal service was their legal form as pure state institutions, a network 

of routes that covered their territories more densely, and the linking 

together of the transport of letters, passengers, and small goods. The 

organization and technique of transportation did not change. 

However, postal laws and regulations of the eighteenth century re- 

veal the attempt to use the existing possibilities to stabilize the speed 

of transportation and to arrange the coordination of the routes with 

greater precision. Demands for punctuality are reflected in the con- 

stant admonitions to mail coach drivers and sub-postmasters to adhere 

to the hours “precisely” and to keep the “hour-cards” or “hour-passes” 

(which were now printed as forms) accurately and without any “bias” 

“so as to speed up the post stations.” Enforcing these norms was not 

easy, since mail coach drivers were supposed to be not only sober but 

also literate. The prescribed speed for ordinary postal riders of the reg- 

ular service as well as for relay couriers of the special dispatches was at 

least one mile per hour; mail coaches and carriage post should cover a 

mule, depending on the time of the year and road conditions, in one 

hour and a quarter to two hours, a norm that combined the desire for 

punctuality with the desire to go easy on the horses.°? 

Room for acceleration seems to have existed with dispatch and 

changing times, and consequently these were strictly limited. The car- 

riage post could be delayed for half an hour at the most, the mounted 

post only one quarter of an honr. While the Saxon Postal Code of 1713 

still stipulated that relays had to be dispatched “with the loss of only a 

few minutes,” but at the very most within a quarter of an hour, in 

Prussia during the second half of the century this time was set at five 

minutes in small stations.°* Moreover, the scheduled running of the 

mail service was to be disturbed as little as possible by the affairs of the 

lords. Thus the Prince Elector of Saxony issued a patent in 1693 ac- 
cording to which the posts leaving from Dresden should wait at most 
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one hour in affairs of the territorial ruler, so that “the orderly running 
of their posts is not impeded to the disadvantage of the correspon- 
dence, in that the other posts, who are coordinated with them, must 

also wait long and in excess of the time.” The Saxon Postal Code (1713) 

adopted this regulation “in order that the connection with the other 

posts is not severed and the entire route upset,” and for official pur- 

poses it called for special relays that were supposed to catch up with 

the mail.® Finally, control and penal regulations were toughened and 

drawn more narrowly in temporal terms. According to the Code of 

the Electorate of Saxony, every quarter-hour delay in the expedition of 

the relays was to be fined half a gulden. The renewed Prussian Postal 

Code of 1732 set a fine of one Reichstaler for each half-hour delay with 

the carriage post, and for each quarter-hour delay with the mounted 
post.® 

However, the prerequisite— by no means self-evident in the eigh- 

teenth century — for such increased precision was a reliable public indi- 

cation of the time. The Prussian Codes (1710-1712) no longer accepted 

the unequal running of clocks as an excuse for time lost at the stations 

and demanded that the postmasters urge the authorities and magis- 

trates to set the public clocks by the sun. Tax commissioners (“Steuer- 

rate”) of the Electorate of the Mark of Brandenburg were asked in 1719 

to urge the magistrates of the cities subject to their inspection to set 

the clocks properly, on the grounds that this was “a necessary part of 

good administration.” 
These normative texts undoubtedly create an unrealistic image of 

the postal stations, describing how they were supposed to function 

but never in fact did. They should thus be understood as concepts 

for systematically organized transportation and communication links, 

which, if we trace them over a longer period, reveal the growing im- 

portance of the techniques of time measurement and time control. 

“Transport revolution”: The acceleration and 
increasing density of traffic 

Mercantilist policy, which was aimed at creating national markets with 

the freest possible internal circulation, included the development of 

trunk roads and canal systems. The goal of this policy was to develop 

the national territory as completely as possible and to free domestic 
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traffic from the impediments of urban as well as feudal forms of eco- 

nomic interchange. The result of the development of the national 

transportation systems in the century prior to the age of the railroad 

was the so-called transport revolution, the precondition for and later 

part of the process of the industrial revolution.° 

The repercussions of the development of land routes and waterways 

manifested themselves quickly in England, more slowly in France, as 

Arthur Young has observed with astonishment, though his verdict is 

undoubtedly correct.°® The most noticeable changes were an expan- 

sion in the range of the profitable transport of heavy goods and an 

increase in the volume of all areas of traffic, including the transporta- 

tion of letters. The new postal systems were also preconditions for the 

letter culture of the Age of Enlightenment. The intensity of correspon- 

dence is closely related to the frequency with which letters were con- 

veyed.’ Through improved and standardized road construction tech- 

niques, the straightest possible alignment of routes, and new carriage 

designs, wheeled traffic on the trunk roads of the eighteenth century 

was gradually brought to the speed of mounted messengers and cour- 

ers of earlier times. Judging by its schedule, the express coach (“dili- 

gence”) from Paris to Brussels in 1775 reached quite precisely the speed 

of the old express couriers (two days). Moreover, new roads and mac- 

adams connected to the network of routes cities which had previously 

been hard to reach and thus far away in terms of time—for example, 

those located in central France or Wales. Comparatively remarkable 

speeds were attained on such routes. By contrast, the general tempo 

of the transmission of news hardly changed between 1500 and 1775. 

The maps published by F. Braudel, on which the speed of news is indi- 

cated with isochronic lines, indicate, for example, an average speed of 

two weeks for the distance from Paris to Venice during this entire 
period.” 

Between 1830 and 1850, during the time when the first railroad and 

steamship routes were being established, the conventional means of 

road transport reached their peak capacity in terms of volume and 
speed. The cumulative effects of tighter organization, better roads, and 
better carriages produced a doubling of the average speed to about 10 
kilometers per hour in the transportation of letters and passengers. The 
Prussian express posts for mail and passenger transport, established 
in 1821, was to cover 1 mile on macadamized roads in 35 minutes (13 
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kulometers/hour); the continuing “courier and relay service” was to do 
it in 30 minutes (15 kilometers/hour). In France the average speed of 

coaches rose to 9.5 kilometers per hour prior to 1848. In printed service 

regulations, the English “Mail Guards” were admonished in February 

of 1800 to spend every possible minute on the road. In 1812, the Post 

Office considered 5 minutes changing time for the coaches sufficient 

on the line from London to Brighton. The same time applied to the 

“express coaches” of the Prussian express post.”! According to P. Bag- 

well, in England after 1820 the traveling speed of the coaches exceeded 

that of riders.” 

These accelerations, which seem very modest today, struck contem- 

poraries as notable progress and by no means an ordinary fact of life. 

In his Monograplne der deutschen Postschnecke, Ludwig Borne in 1821 

mocked the transportation style of the Turn and Taxis carriage post. 

After having spent forty-six hours on the Frankfurt-Stuttgart route he 

provides statistical data (“doctrine of standstill”) according to which 

the alcohol-tinged breaks of the postal carriage amounted to a total of 

fifteen hours. For Borne the personnel of the postal service was a re- 

flection of the German burgher: not dangerous or malicious, but calm 

and slow, not inclined to undertake anything daring.”* 

Transports were a profitable business, because the users hardly had 

to bear the costs for the infrastructure, and from the turn of the cen- 

tury there is a growing number of clues indicating that rapid and reli- 

able transport was not only a functionally necessary organizational 

task, but that punctuality and speed had also become values of intrin- 

sic worth. 
The demand for punctuality constantly moved its guarantors, 

clocks, into the center of attention. Initially the question was which 

public clocks should be binding for the posts. When the Prussian 

Postal Inspector F. Chasté announced the first Rhenish express post in 

1821, he still identified one of the city clocks in each location as the 

standard clock: “The departure in Cologne, Koblenz, and Diisseldorf 

shall occur with the bell-stroke of the clock, that is in Cologne the 

Cathedral clock, in Diisseldorf the clock on the church of the Francis- 

cans, and in Koblenz the city clock closest to the postal station shall 

serve as the guide.””# 
The new, more precise time of traffic and the cult that was made of 

valuable minutes had been made possible by advances in the technol- 
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ogy of precision measurement.”® Public clocks participated at least in 

part in these advances. Beginning in the middle of the seventeenth 

century they had been gradually converted to pendulum drive and 

thereby moved into a range of accuracy of a few minutes per day. The 

development of the clock spring as the regulator for transportable 

chronometers and portable watches made the reckoning in minutes 

accessible to everybody and made possible the construction of watches 

that were off by only a few seconds a month. Chronometers gradually 

discredited the public clocks, for with their help anybody could easily 

determine that the sun was only a moderately accurate time standard. 

Owing to the inclination of the earth’s axis and its elliptical orbit, the 

duration of the only thing known up to that time, the “true local day,” 

that is, the time between the passages of the sun’s center through the 

north-south line of a locality, varied. Once this had been recognized it 

was seen as troublesome, and in the large cities (Geneva 1780, London 

1792, Berlin 1810, Paris 1816), one began to set the public clocks ac- 

cording to the “solar mean time.” The difference between “solar true 

time” and “solar mean time” (between —14.3 and +16.4 minutes) was 

published in tables with the “equation of time.””° The civic day was 

now no longer an object of direct experience. To ease the transition, 

in Berlin in 1811, for example, the sundial, now superfluous, was re- 

moved from the authoritative clock of the Academy. 

What had begun as a bow by the large cities to the scientific spirit 

of the age was turned into common practice by the needs of transpor- 

tation. In Prussia, for example, the transition to solar mean time after 

1825 was ordered by the Ministry of the Interior on the urging of the 

General Post Office, because the “correspondence of the public clocks 

. 1s indispensable for all transportation, particularly for the postal 

system which is now so well ordered.” At the same time the city magis- 

trates were admonished to have one clock, usually that of the post 

office, regulated by solar mean time and thereby turn it into the stan- 

dard clock.’”” Clocks in the church towers and town hall were to be set 

by it; they had lost their central function of ordering time. In sealed 
“course-clocks,” the postilions of the mounted and express posts, in 

England, the “mail-coaches,” brought the time of day also to places 

where the maintenance of a standard clock or a “regulator” was too 

expensive.’* Already before the beginning of the age of the railroad, 
the “time of transport” had rendered the “time of the cities” obsolete. 
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Railroad time — hour-zone time — world time 

With the considerable increase in the tempo of carriage traffic in the 
first decades of the nineteenth century, the limits of the physical capac- 

ity of animal power, the horses, had been reached. It was clear to con- 

temporary observers that even with an optimal organization of the 

relays and with the most advanced carriage designs, a continuous 

pace of two miles per hour (ca. fifteen kilometers/hour) was possible 

only at the price of exploiting the natural resources—horses and 
humans.” 

By contrast, the speeds on the first railroad lines — very moderate in 

hindsight — meant already at the time a doubling or tripling of the 

tempo, which could be maintained along the entire stretch. In describ- 

ing the new experience of speed, the first travelers reached for the old 

image of the ultimate in speed, the flight of birds, and measured the 

distances in hours of marching or riding time. “One sits on the train 

and slides in thirty to thirty-five minutes to the five-hour-distant Pots- 

dam.” Like Jacob Burckhardt, David Friedrich Strauf also spoke of 

the “magical flying” on the occasion of a train trip from Heidelberg to 

Mannheim, which he completed “in half an hour instead of five 

hours.” The Ludwigs Railroad Company in 1850 advertised a trip from 

Nuremberg to Fiirth with the promise to travel “one and a half hours 

in ten minutes.”®° 

What stands out in the metaphors of the travel accounts of “railroad 

time,” in the flood of evidence for the experiential change triggered by 

trains, is the identification of the historical change with the progres- 

sive “Zeitgeist” and the persistent topoi “emancipation from nature,” 

“destruction of space and time,” and “conquest of time.”*! “Emancipa- 

tion from nature” meant the liberation of the distance surmounted 

“from all resistance, variation, and adventure.” Contemporaries noted 

that natural impediments to travel were not experienced because the 

machine ensemble of vehicle and road, of locomotive and rail, cut 

through mountains and spanned valleys. The image of the “landscapes 

flying by” that was common from the age of carriages became intensi- 

fied into a landscape panorama that was unrolled in front of the com- 
partment window.*? The even, reliable, and tireless functioning of the 

steam engine drive was also experienced as ‘an emancipation from na- 

ture. Even if traveling speeds were occasionally described as “still mod- 
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est at present,” in the imagination they were already being infinitely ac- 

celerated.** 
The actual traveling speed of trains rose, and the railroad networks 

of the various railways grew together with increasing density. For the 

purpose of setting up their schedules, which accustomed the traveling 

public to everyday dealings with minutes, the railways had each taken 

the local time of their headquarters as the basis and had made this time 

binding for the so-called internal operating service.** For the dealings 

with the public at train stations and in the schedules, the so-called 

external service, the respective mean local time was at first retained. In 

southern Germany, however, the “internal” railroad time was also valid 

for the external service, and in many cases it became in this way the 

local time. State authorities supported this synchronization of distant 

places with the local time of the railway’s administrative seat. No 

longer the postal service, but the railroad mediated the capital city’s 

time of day into the regions, and it was precisely this which prompted 

the absentminded mailman Bornike to utter the malapropism: “It is 

high train, the time arrived three hours ago.”®° 

In Bavaria time was reckoned after Munich time south of the Dan- 

ube, after Ludwigshafen time north of the Danube. In Wiirttemberg 

it was reckoned after Stuttgart time, in Baden after Karlsruhe time. As 

late as 1874, the mean times of Berlin, Cologne, K6nigsberg, Liibeck, 

Oldenburg, Elmshorn, GiefSen, Frankfurt am Main, Leipzig, Munich, 

Stuttgart, and so on, were used for time reckoning in Germany. That 

same year Berlin time was prescribed for internal service, at least for 

the North German railways. Railways worked like “great national 

clocks.”8° In other countries, especially those with not much of an 

East-West spread, the transition to railway time as nationwide local 

time had been made far more quickly and with less fuss. In Germany 

and Austria the public discussion over the standardization of time 

reckoning began in the 1870s. The plans to synchronize all local times 

into one world time or “standard time” came from America, which had 

seventy-one railway times in 1873. Sandford Fleming, chief engineer of 

the Canadian Pacific Railway, had suggested in a number of memo- 
randa to select 24 normal meridians at intervals of 15 degrees — that 

is, at one hour apart— from the 360 latitudes of the circumference of 
the earth. Localities belonging to different normal meridians would 
thus have exactly one hour time difference but the same minutes and 
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seconds. Support was sought for these proposals at a series of con- 
ferences, and the quarrels revolved primarily around the question 

whether Greenwich, Jerusalem, or a fictional place in the ocean should 
be the prime meridian. 

Various countries followed this concept— some quickly, some hesi- 

tantly — by assigning their national times to a time zone, for example, 

the central European zone. The Reichs Law “concerning the introduc- 

tion of uniform time reckoning” decreed the following on April 1, 

1893: “The legal time in Germany is the solar mean time of the fifteenth 

degree latitude east of Greenwich.” France at first made Paris time in- 

stead of railway time binding (1891). Not until oir did it join Green- 

wich time, though no mention was made of the English observatory: 

legal time in France and Algeria was now mean Paris time minus nine 

minutes and twenty-one seconds (= Greenwich time). In the German 

Empire the “time reform” was not without controversy. But the de- 

fenders of the “dear old local time” had no chance against the advo- 

cates of reform. 

In the Reichstag, Field Marshall von Moltke, too, spoke up as an 

advocate of a uniform national time. To be sure, the introduction of a 

“world time,” demanded by the scholars at the observatories, was not 

a necessity, he maintained. However, the difference between railway 

time and local times was a remnant from the time of political disunity, 

“which now, after we have become one Reich, should rightly be done 

away with.” A uniform national time was demanded not only by the 

operational needs of the railways but also by an important group of 

passengers: “The noblest travelers, gentlemen, are the troops.” Work- 

ing time regulations of the factories could be easily changed; “And as 

far as the rural population is concerned—well, gentlemen, the rural 

worker doesn’t look at the clock much, for the most part he doesn’t 

have one; he looks around to see whether it is already light, then he 

knows that he will soon be summoned to work by the court bell 

(“Hofglocke”). However, if the court clock is wrong, which is usually 

the case (laughter) . . . he arrives a quarter of an hour early . . . , except 

he will also be let go by the same clock a quarter of an hour earlier: 

the working time stays the same.” In his last Reichstag speech, Moltke 

then drew a picture of bourgeois daily life at the end of the nineteenth 

century in which minutes and the synchronicity of all clocks were still 

of no great concern: . 
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Gentlemen, practical life rarely demands a punctuality reck- 

oned in minutes. In many places it is customary to set the 

school clock back ten minutes so that the children will be 

present when the teacher arrives. Even the court clock is fre- 

quently set back so that the parties will assemble before the 

proceedings begin. Conversely, in villages that lie close to 

the railroad, the clock is usually set ahead by a few minutes 

so that the people will not miss the train. Indeed, gentle- 

men, even this honorable house keeps an academic quarter 

hour, which sometimes also gets to be a little longer.*” 

This picture was no longer realistic. Not only the railways, but the 

needs of factories, schools, and public transportation in large cities for 

punctuality and coordination, too, made the manner, technique, and 

quality of public time indication into a perennial topic. Professor For- 

ster of the Berlin observatory declared in 1890 that urban time indica- 

tion that did not guarantee everywhere punctuality to the minute was 

a device that was downright contemptous of people.** Centrally con- 

trolled public clocks were installed at an exceedingly rapid pace. From 

the beginning of the twentieth century, under the influence of the rail- 

way route books, a new kind of hour-reckoning — continuous count- 

ing from midnight — slowly gained in importance, and the introduc- 

tion of daylight saving time has brought to our awareness once again 

the fact that the relationship between daylight and hour of the day is 
established by society. 

The universal time promoted by the railroad system — “world time” 

was never really able to catch on terminologically — was still astro- 

nomically determined and to that extent a natural time. Transmitted 

telegraphically at first, then via the radio, the synchronicity of all local 

times —in a world in which small local times under city clocks and 

court bells were still in operation — opened new horizons for the sense 

of time. But the observable universe was not suitable as a time standard 

where the utmost in precision was called for, and since the 1960s, time 

has been determined physically, in accordance with the 9,192,631,770 

oscillations per second of the cesium atom. 
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the night offices of the clerics at the church in Beaucaire (Languedoc): “unum 

horologium bonum et sufficiens per quod possint horas cognoscere tam de 

die tam de nocte,” A. M. Beaucaire, GG 45; compare A. Eysette, Histoire ad- 

ministrative de Beaucaire, vol. 2 (Beaucaire, 1889), 216 f. 

54. Abelard, ed. T. 2. McLaughlin, Medieval Studies 18 (1956): 260, 262; 

other instances where the clock is mentioned among the “ornamenta”: Lincoln 

Cathedral, “Liber Niger” (1236), ed. by H. Bradshaw and C. Wordsworth, 

Statutes of Lincoln Cathedral, part. | (Cambridge, 1892), 285, 386, part 2 (1897), 

160; 1295 London, St. Paul’s Cathedral, inventory 1295, W. Dugdale, The His- 

tory of St. Paul’s Cathedral, 3rd ed. (1818), 330, 331, quoted from O. Lehmann- 

Brockhaus, Lateinische Schriftquellen zur Kunst in England, Wales und Schottland 
(901-1307), vol. II (Munich, 1956), nos. 2933, 2934; Augsburg, Cathedral of 

St. Maria, Liber Ordinationum (1305), “orologium bonum et bene in- 

structum,” Mon. Botca 35 (1847): 147. 

5s. See the recommendation (in 1238) of Robert Grosseteste, Bishop of Lin- 

coln, to the abbot of Ramsay, Huntingdonshire, to remove the clock from the 
church before consecrating the latter, if possible; Epistolae, ed. by H. R. Luard, 
Rer. Brit. M. A. script. 25 (1861), 190 ff. 

56. On the older discussion about origin and date see Bergmann, Innovatio- 

nen, 69 ff.; a description of the contents of the codex can be found on pp. 

243-245. 
57. J. Millas Vallicrosa, Assaig Whistoria de les idees fisiques 1 metematiques a la 

Catalunya Medieval, Estudis Universitaris Catalans (Barcelona, 1931), 316-318; 

transl. and suggested reconstruction: Maddison, Scott, and Kent, “Medieval 

Waterclock,” reconstruction: Farré-Olivé, “Medieval Catalan Clepsydra.” 

58. An unpublished text from the Vatican Library in Rome (Vat. lat. 5367) 

could offer additional clues. E. Zinner, Frihzeit, 6, describes it: “A thirteenth- 

century manuscript originating in France provides instructions for the con- 
struction of a wooden (?) water clock with cylinders and cords.” According to 

L. White, Jr., Medieval Technology, 120, this was a very simple design: “A cord, 

with a float at one end and a counterweight at the other, passed around an 

axle which rotated the dial and operated the alarm.” F. Maddison and B. Scott 

are preparing an edition of the text; see D. Hill, Avabic Water-Clocks, 126, 

note 5. 

59. Farré-Olivé, “Medieval Catalan Clepsydra.” 

60. Chronica Jocelini de Bracelonda, ed. by H. E. Butler (London, 1949), 
106 f. 

61. Liber ordinis Sancti Victoris Parisienis, chaps. 21, 54, ed. by L. Joqué and 

L. Milis, CC Cont. Med. 61 (1984), 94, 224; compare Bilfinger, Horen, 148. 

62. P. Sheridan, Les Inscriptions sur Ardotse de VAbbaye de Villers, Extrait des 
Annales de la Société de Bruxelles, vol. 10 (Brussels, 1896); because of the 
exhaustive commentary and in part variant readings, the reader should also 
consult A. d’Haenens, “Le Clepsydre de Villers.” 

63. “Si tardaveris temperare horologim donec sol existat in medietate prime 
fenestre pones horologium super [I]itteram B,” P. Sheridan, Les I NSCYIPtiONS, 16. 
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64. P. Sheridan, Les Inscriptions, 20; one should bear in mind that not 

all problems of the text have been resolved. For example, the passage “Post 
festum sancti Martini hyemalis, Secunda stella equorum adherente super 

linim(ari) fenestre; Thome apostoli, prima rota suppressa, tectum .. .” (17), 

does not reveal whether the observation of the stars was also used in regulating 

the clock, or whether the clock might have had in addition also a dial (“rota”) 

with the signs of the Zodiac. 

65. The Itinerary of Benjamin of Tudela, ed. by M. N. Adler (London, 1907), 
BOND2: 

66. Bernardi Abbatis Casinensis in regulam S. Benedicti expositio ad c. 8, ed. by 
A. M. Caplet (Monte Cassino, 1894), 172. 

67. H.R. Hahnloser, Villard de Honnecourt, 30-32 and 34.9; Hahnloser refers 

also to the clock case in Beauvais (fig. 82), though in my view that case, with 

its narrow pedestal construction, bears no resemblance to Villard’s sketch; the 

broad base in the latter seems rather better suited for housing a water tank. 

On the “earliest clockwork with wheels” that is supposedly also present in 

Villard’s sketchbook, see below chap. 4, The “angelic clockwork” of Villard 

de Honnecourt. 

68. A. J. Turner, Water Clocks, 28, gives 1223-1226 as the date; L. White Jr, 

Technology, 120 f., dates it to around 1250. 

69. See G. Hentschel, Kommentar zum Alten Testament, 2. Konige (Wiirz- 

burg, 1985), 99; Ahaz, 735-728 B.c.; Hezekiah, 728-700 B.c. 

70. C. B. Drover, “A Medieval Monastic Water Clock,” AH Dec. 1954: 54— 

58, 63 ff. (repr. in AH 12 (1980): 165-170); L. White, Jr., Technology, 120 f.; 

North, “Monasticism,” 383 f.; A.W. Sleewyk, “The 13th Century ‘King 

Hezekiah’-Water-Clock,” AH 11 (1979): 488-494; C. B. Drover, “The 13th 

Century ‘King Hezekiah’-Water-Clock,” AH 12 (1980): 160-164 (with a refer- 

ence to an approximately contemporaneous miniature in the “Biblia de Saint 
Louis” in the cathedral library of Toledo [vol. I, fol. 151], MAS Barcelona 

79228, where the drum is divided into twenty-four chambers, and in a copy 
from around 1300 in London BL Add. MS 18719, fol. 92); J. J. Combridge, 

“Addenda” (with corrections on the dates), AH 12 (1980): 300; idem, “Further 

Addenda,” AH 1991: 290 ff. I am limiting myself to presenting the most im- 
portant arguments. None of the articles mentioned discusses the possible im- 
plications of the use of divisions of the day that were equal for technical 

reasons. 
71. See especially Wiedemann and Hauser, Uhren, but also E. Wiedemann, 

Aufstitze zur arabischen Wissenschafisgeschichte, 2 vols. (Hildesheim and New 
York, 1970); D. R. Hill, Arabic Water-Clocks, and the studies by the same au- 

thor listed in the bibliography. An overview is provided by A. J. Turner, Water 
Clocks, 17-24, where we also find a reference to an “hourly self-sounding bell” 

which excited the admiration of the pilgrims David, Teilavus, and Paternus in 

Jerusalem in the fifth or sixth century: “. . . cimbalum, magis famosum quam 
pulchrum; quia dulci sono videtur excellare omne oranum [organum?]. Per- 

juros damnat, informos curat, et quod magis videtur mirabile, singulis horis, 
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nulla movente, sonabat.” From a “Book of Llandaff” (twelfth century), in Pe- 

ter Roberts, The Chronicle of the Kings of Britain to which are added original disser- 

tations ... (London, 1811), Appendix VI, 308a; also quoted by A. J. Turner, 

Water Clocks, 18, note 105; see also the account of Ridwan about the journey 

of the water clock from the Persians to the Greeks: Wiedemann and Hauser, 

Uhren, 180. 

72. In addition to the works of Needham, Price, and Hill, see for an over- 

view L. White, Jr., “Tibet, India, and Malaya as Sources of Western Medieval 

Technology,” American Historical Review 65 (1959): 515-526. 

73. Annales regni Francorum, ed. F. Kurze, MGH Script. rer. Germ. 6 (1895), 

123 f.; the similarity holds even if we take into account that when H. Diels was 

giving a hypothetical reconstruction of the external appearance of the clock of 
Gaza, his mind’s eye was seeing the so-called palace-clock of al-Jazari. 

74. Hill, Arabic Water-Clocks; idem, in Journal of Arabic Science 1 (1977); 

D.R. Hill, The Book of Knowledge of Ingenious Mechanical Devices (Dordrecht, 
1974); to which we must add a Greek-Arab construction description, “On the 

Construction of Water-Clocks,” ed. by. D. R. Hill, Turner and Devereux Occa- 

sional Paper No. 4 (London, 1976). 

75. See A. G. Drachmann, Ktestbios, Philon and Heron: A Study in Ancient 

Pneumatics (Copenhagen, 1948), 36-41. Drachmann does not use the term 

Pseudo-Archimedes, though D. R. Hill does: Water-Clocks, 15 ff. 

76. “Tentoritum mirifica arte constructum, in quo ymagines solis et lune 
artificialiter mote cursum suum certis et debitis spaciis peragant et horas diei 

et noctis infallibiliter indicant.” Chronica Regia Coloniensis Continuatio IV, ed. 
by G. Waitz, MGH Script. rer. Germ. 18 (1880), 263; “celum astronomicum 

aureum gemmis stellatum, habens philosophicum intra se cursum plan- 
etarum.” Conradi de Fabaria Casus Galli, ed. by G. H. Pertz, MGH SS 2 (1829), 

178; compare E. Poulle (1980), 500; on the high esteem in which Frederick I 

held the mechanical arts see Sternagel, Artes Mechanicae, 58 ff. 

77. Quoted, for example, by Bilfinger, Horen, 166; the error was noticed by 

L. White, Jr., Technology, 121, note 4; it was overlooked by Needham, Science, 

vol. 4, sect. 27, p. 532. 

78. See R. Hammerstein, Macht und Klang, 83; compare M. Sherwood, 

“Magic and Mechanics in Medieval Fiction,” Studies in Philology 44 (1947): 

567-592. 

79. Compare Maurice, Rideruhr, 1, 42; compare J. Matthews, DerGral 
(Frankfurt, 1981), 24. 

80. Compare the poetic description of a scaled water clock by al-Kushagim 
in Wiedemann and Hauser, Ubren, 30. 

81. The two accounts are in F. Hirth, China and the Roman Orient: Researches 
into Their Ancient and Medieval Relations (Shanghai, 1885; repr. Chicago, no 
date), 53, 57, explanations 213 f. 

82. Wiedemann and Hauser, Uhren, 176 ff.; Turner, Water Clocks, 69 ff. 

83. D. J. de Solla Price, Mechanical Waterclocks of the r4th Century in Fez, Mo- 
rocco (Ithaca and Paris, 1962). 
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84. F. Gabrieli, ed., Michele Amari, Le epigrafi arabiche di Sicilia, (Palermo, 

1971), 29 ff. 

85. Among the few smaller divisions of the hour mentioned in this context 
see the arc degrees (four minutes) mentioned in The Book of the Scale of Wisdom, 
Hill, Water-Clocks, 47 f£.; according to Borst, Computus, 50, around 980 the 

circle around Lupitus of Barcelona turned the prevailing usage on its head and 
called the temporal hours “crooked” or “artificial,” and the equinoctial hours 
“straight” or “natural.” 

86. See, for example, the outflow clock attributed to Archimedes; Wiede- 

mann and Hauser, Uhren, 32 ff.; by the same authors also Uhr des Archimedes 

und zwei andere Vorrichtungen, Nova Acta Leopoldina, Abhandlungen der 
deutschen Akademie der Naturforscher 103 (Halle, 1918). 

87. The following condensed historial sketch, which leaves out many prob- 
lems of detail and the development and variety of the instruments (equato- 
rial?? Equatorien, quadrants, etc.), is based on Turner, Astrolabes, 1-57; and 

Borst, Astrolab. An introduction to the construction and use of the astrolabe is 

also given by J. D. North, The Astrolabe,” Scientific American 230 (Jan, 1974): 

96-106. The standard work on the history of the astrolabe, now in need of 
supplementation, is that of R. T. Gunther, The Astrolabes of the World, 2 vols. 

(Oxford, 1932). D. J. de Solla Price provides a provisional list of extant and 

datable specimens in “An International Checklist of Astrolabes,” Archives In- 
ternationales d’Histotre des Sciences 3, ser. 8 (1955): 243-263, 363-381. The newer 

literature is given by Turner, Astrolabes; the older literature by E. Zinner, Ge- 

schichte und Bibliographte der astronomischen Literatur in Deutschland zur Zett der 

Renaissance (Leipzig, 1941). 

88. Wiedemann and Hauser, Uhren, 5; Turner, Astrolabes, 23. 

89. The text of al-Biruni is in E. Wiedemann, “Ein Instrument, das die Be- 

wegung von Sonne und Mond darstellt nach al-Biruni,” Der Islam 4 (1913): 
5-13; compare D. J. Price, “Origin of Clockwork,” 97 ff. 

90. E. J. Millas Vallicrosa, Assaig (note 57), 271 ff. 

ot. De utilitatibus astrolabii, ed. by N. Bubnow, Gerberti Opera Mathemat- 

ica (note 15), 114 ff.; on the discussion about the attribution of the work see 

Bergmann, Innovationen, 170. 

92. “In horologicis et musicis instrumentis et mechanicis nulli par erat com- 

ponendis,” Annales Bertoldi, ed. by G. Pertz, MGH SS V (1844), 268; on the 

“horologium viatorum” see Bergmann, Innovationen, 170. 

93. In quattuor libros sententiarum IV, 15.3, 4c, in R. Busa, ed., Opera Om- 

nia, Vol. 1 (1980), 5143; Borst, Astrolab, 97. 

94. After Borst, Astrolab, 92 f. 

9s. Bergmann, but also North and Turner, emphasize, despite all misgiv- 

ings, the function of the astrolabe as a timekeeper. They are not unaware of 

the problem of the relatively difficult handling of the astrolabe, the rarity of 

documented cases, and the question concerning the accuracy of measurement 

required for astronomical observations, which would be conceivable in large, 

stationary instruments, but which is unattainable with the extant specimens 
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with a diameter between ten and forty centimeters. See the skeptical comments 

about the hour-lines engraved on the backs of astrolabes by J. D. North, “As- 

trolabes and the Hour-Line Ritual,” Journal for the History of Arabic Science 5 
(1981): 113-114. In contrast, E. Poulle, one of the scholars best acquainted with 

medieval astronomical literature, has repeatedly emphasized the role of the 
astrolabe and similar instruments in astronomical teaching and for practical 

astrology. See E. Poulle, “Le Quadrant Nouveau Medieval,” Journal des Sa- 

vantes (1964): 148, 204. 

96. C. H. Haskins, “The Reception of Arabic Science in England,” English 
Historical Review 30 (1915): 57 f.; a few of such time indications are not clear on 

the nature of the instruments that were used, for example, Annales Brunwilar- 

enses: “1147 anno, 7. Kal. Novembris, die dominica, accidit eclipsis solis a ter- 

cia hora, et perseveravit usque post sextam; qua defectione horam pene integ- 

ram fixus et immobilis ut in horologio notatum est, stetit,” ed. by G. H. Pertz, 

MGH XVI (1859), 727. 

97. Quadrans vetus; on its accuracy see M. Archinard, “The Diagram of the 

Unequal Hours,” Annals of Science 47 (1990): 173-190. 

98. Edition by E. Poulle, Les Tables Alphonsines avec les canons de Jean de Saxe, 

text, transl., and commentary (Paris, 1984). 

99. See table 8, ibid., 123. According to the explanations of Johann of Sax- 

ony (around 1320), this table was needed so that one could, after having deter- 

mined the time of day in equal hours by means of an astrolabe or sundial (?) 

(“per horologium”), locate the corresponding constellation in the tables that 
were consistently drawn up according to the minutae diei; ibid. 44 f. 

100. Edited by M. Rico y Sinobas, Libros del Saber de Astronomia del Rey D. 
Alfonso X. de Castilia, 5 vols. (Madrid, 1863-1867); Quecksilberubr, vol. IV, 

67-76; compare Bilfinger, Horen, 150-160; A. J. Cardenas has corrected the 

text in “The complete Libro del Saber de Astronomia and Cod. Vat. Lat. 

814.4,” Manuscripta 15 (1981): 14-22; German transl. by F. M. Feldhaus, “Die 

Uhren des Kénigs Alfons X von Spanien,” Deutsche Uhrmacherzeitung 54 

(1930): 608-612; Engl. transl. and description of an attempted reconstruction 

in A. A. Mills, “The Mercury Clock of the Libros del Saber,” Annals of Science 

45 (1988): 329-344. 
ror. D. J. Price, “Clockwork,” 100-102; Needham et al., Heavenly Clockwork, 

70 ff.; compare Hahnloser, Villard, plate 9 and pp. 24 f., 356 fF. 

102. Compare E. Narducci, Intorno una traduzione fatta nell’anno 1341 di una 
compilazione di Alfonso X. Re di Castiglia (Rome, 1865). 

103. On the later history of this clock type see S. A. Bedini, “The Compart- 
mented Cylindrical Clepsydra,” Technology and Culture 3 (1962): 115-141; and 
Turner, Water Clocks, 31-44. 

104. “Et si quissieres que se muevan las campaniellas en cada ora, don hy 
XXII estacas, una a cada ora. Et desta guisa faras 4 dos oras, 6-4 tres, 6 4 
quantas quissieres, compartiendi et cero a quantas oras quissieres.” M. Ricos 
y Sinobas (note 100), vol. IV, 74. 

105. Bilfinger, Hoven, 156 ff. 
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106. These cultural contacts have been frequently described: see S. A. Be- 
dini, “Oriental concepts of the measure of time,” in Fraser, Time II, 452-484; 
K. Maurice, “Propagatio fidei per scientias. Uhrengeschenke an den chin- 

esischen Hof,” in K. Maurice and O. Mayr, eds., Welt als Uhr, 30-38; I. Schus- 

ter, “Uhren und Automaten: Medien und Spiegel kultureller Kontakte mit 

Ostasien,” Technikgeschichte 52 (1985): 1-24; J. Needham et al., Heavenly Clock- 

work, 142 ff. 

107. T. Spengler has outlined this image of China all the way to Max Weber 
and Benjamin Nelson, in Spengler, ed., Joseph Needham, Wassenschaftlicher Unt- 

versalismus (Frankfurt, 1979), 10-33. 

108. Needham, Science and Civilization in China, vol. 1, 243. 

109. Compare J. Needham, “The Missing Link in Horological History: A 

Chinese Contribution” (1958), in Needham, Clerks and Craftsmen in China and 

the West (Cambridge, 1970), 203-238; Needham, Science and Civilisation, vol. 3 

(1959), sect. 20 (Astronomy), and vol. 4 (1965), section 27 (Mechanical Engi- 

neering, Clockwork). A detailed account with a translation and thorough com- 

mentary on all important sources is in J. Needham et al., Heavenly Clockwork. 

110. This is the phrase used by D. J. Price in many publications. 
mr. Turner, Water Clocks, 62. 

112. Needham et al., Heavenly Clockwork, 199 ff. 

113. To my knowledge there is no account of the history of Japanese clocks 
and timekeeping 1n any European language. Here I am relying on some scanty 
comments in N. H. N. Mody, Japanese Clocks (Vermont and Tokyo, 1932; repr. 

1977), 23 ff, and on a survey of a number of different Japanese authors which 

Mrs. Yasuko Toyonaga kindly prepared for me. 

114. Needham et al., Heavenly Clockwork, 51 ff.; compare, however, the new 

interpretation of the speed of the rotation (one hundred rotations a day) in 
Needham, Science and Civilisation, vol. 4, 461 f. Speculation about parallels 
suggests itself: the setting wheel of the clock according to MS Ripoll 225 had 
a division of the day into one-hundreths. The clock of Villers-le-Ville presum- 

ably had 4 X 24 fields on a dial. If the four alphabets were separated by empty 

fields, we would once again arrive at one hundred fields. Following a sugges- 

tion in the sixth century for remedying the irreconcilability of the two systems, 
in the Liang dynasty the number of “quarters” was reduced to 96; see Heavenly 

Clockwork, 199 note I. 

115. Compare the overview in J. Needham, Science and Civilization, vol. 3, 

316; and the works of J. H. Combridge cited in Turner, Water Clocks, 165. 

116. Marco Polo, I/ Milione. Die Wunder der Welt, ed. by E. Guignard (Zu- 

rich, 1984), chap. 85, 135; compare H. Yule and H. Cordier, The Book of Ser 

Marco Polo, 3rd ed. (London, 1903), vol. 1, 378, and vol. 2, 215, where Martin 

Martinis Atlas Siniensis and other accounts are given. 
117. Needham, Hall of Heavenly Records. 

118. Landes, Revolution, 17 ff. 

119. Needham, Heavenly Clockwork, 197; Needham, Science and Civilization, 

vol. 4, 541. 

1H 
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20. D. R. Hill, “A Treatise on Machines,” 39 ff.; compare, for example, 

also J. H. Combridge, “Chinese Steelyard Clepsydras,” AH 12 (1981): 530: 

“The Chinese Steelyard clepsydra per se was in fact a straightforward adaption 

of an Islamic device to Chinese horary requirements and traditional tech- 

niques.” 

121. See chap. 2, note 31. 

122. “Motus horologiorum qui per aquam fiunt et pondera, quae quidem 

ad breve tempus et modicum fiunt et indigent renovatione frequente et aptati- 

one instrumentorum suorum atque operatione forinseci,” De anima, c. I, pars 

7a, in Guillelmus Alvernus, Opera Omnia (Paris, 1647; repr. 1963), part II, 

suppl., 72. 

123. Needham et al., Heavenly Clockwork, 188 ff.; and Needham, Science and 

Civilization, vol. 4. sect. 27, 538 ff. 

124. Epistola de Magnete, ed. by G. Hellmann, Rava Magnetica (Berlin, 

1898), 7 £.; the suggestion may date to before 1248, for Roger Bacon describes 

such a globe, though without the “drive.” Epistola fratri Rogeri Baconis de 

secretis operibus artis et naturae et de nullitate magiae, chap. 6, ed. by J. S. 

Brewer, Opera quedam hactenus tnedita, vol. 1 (London, 1859), Rer. Brit. M. A. 

script 15, 537; compare Hahnloser, Villard, 346-349. 

125. Commentarius in Sphaeram, chap. 11: “Nec est hoc possibile, quod ali- 

quod horologium sequatur omnino tudictum astronomie secundum verita- 
tem. Conantur tamen artefices horologiorum facere circulum unum qui om- 
nino moveatur secundum moitum circuli equinoctialis, sed non possunt 
omnino complere opus eorum, quod, si possent facere, esset horologium 

verax et valde et valeret plus quam astrolabrum quantum ad horas capiendas 
vel aliud instrumentum astronomie, si quis hoc sciret facere secundum mo- 

dum antedictum. Modus autem faciendi tale horologium esset, quod homo 
faceret unum circulum equalis ponderis ex omni parte secundum quod melius 

possibile esset. Postea quod appendatur pondus plumbeum axi ipsius rote, 

quod quidem pondus taliter moveat rotam istam quod motus ille compleatur 
ab ortu solis usque ad ortum preter tantum tempus per quantum oritur unus 

gradus fere secundum estimationem propinquam veritati.” Ed. by L. Thorn- 
dike, “Invention;” improved text and transl. in Thorndike, The Sphere of Sacro- 
bosco and Its Commentators (Chicago, 1949), 180, 230. 

126. A brief explanation of the difference between solar time and sidereal 

time is given by R.-H. Giese, Einfiihrung in die Astronomie (Darmstadt, 1981), 
22 ff. 

127. Ed. and transl. by J. D. North, “Opus Quorundam Rotarum Mirabil- 
ium,” Physis 8, fasc. 4 (1960): 337-372; on the question of dating, the drive, 

and a detailed critique see Poulle, Equatoires, 500, 502, 641-657; North assumes 
the period around 1290 as the time of origin, Italy as the place, and thinks the 
device was intended for a hydraulic drive. Poulle dates it to the beginning of 
the fourteenth century and believes the drive was manual; in addition, ac- 
cording to Poulle this was presumably the first genuine mechanical simulation 
of the planetary orbits. 
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128. J. Labarte, Inventaire du Mobilier du Charles V., Roy de France, Coll. Doc. 

Inéd. sur PHist. de France (Paris, 1879), no. 2598; Galvano Fiamma, Cronica 

ordimis Praedicatorum, ed. by B. M. Reichert (Rome and Stuttgart, 1897), 107. 
129. J. E. Viard, Les Journaux du Tresor de Philippe le Bel (Paris, 194.0), nos. 

2517-5964, passim, the entries concerning Pierre Pipelart and Gilebertus de 

Lupara (1299-1308). 

130. “Un pieche de fer as ologes” (1300), “pour ouvrages faites as ologes, 
une roe refaire et 1 retenail a arrester les plons” (1316), “souffles des orloges” 
(1322) for a musical mechanism? J.-M. Richard, Archives Départementales, Ar- 

chives Civiles, Série A, parts 1 and 2 (Arras, 1878-1885); J.-M. Richard, Une petite- 

niece de Saint-Louis —Mahaut Comtesse d’Artois et de Bourgogne (1302-1329) (Paris, 

1887), 368; compare M. Sherwood, “Magic and Mechanics” (note 78), 590, 

with references to later accounts of the park. 
131. “Et refait sonner ses orloges / Par ses sales et par ses loges / A rées trop 

sotivement / De pardurable movement.” Verses 21033 ff., ed. by E. Langlois 
(Paris, 1914). 

132. “Indi, come orologio che ne chiami / ne Pora che la sposa di Dio surge / 

a mattinar lo sposo perché Pami / che Puna parte e Paltra tira e urge, / tin tin 
sonando con si dolce nota . . .” Paradiso X, 139-143; “E come cerchi in tempra 

@oriuoli / si giran si, che’! primo a chi pon mente / quieto pare, e Pultimo che 
voli,” Paradiso XXVI, 13-15, ed. by U. Bosco and E. Reggio (Florence, 1979), 

171, 398; compare Petrus de Ceffons Clarevallensis, Lectura super quattuor libros 
sententiarum, ca. 1350; comparison of a work of commentary to a clock: “arti- 

ficialia contemplabar attendens qualiter ex unius rotae circumductae gyro plur- 

ium sequitur per intermedia volubiltum rotarum motus,” D. Trapp, “Peter 
Ceffons of Clairvaux,” Recherches de Théologie ancienne et médiévale 24 (1957): 

130; for the sake of brevity I will not discuss X, 145.6, “la gloriosa rota,” where 

Dante could be hinting at an automatically moved procession of figures. 
XXXII 144, “come rota ch’igualmente mossa,” probably does not deal with a 

mechanism at all, but with the concept of a ideal circular movement; compare 

G. Boffito, “Dove e quando poté Dante vedere gli orologi meccanici che des- 
crivi ... 2?” Giornale Dantesco 39 (1938): 45-61; and B. Nardi, Nel Mondo di 

Dante (Rome, 194-4), 337-350. 

133. Compare J. P. Lacaita, ed., Benvenuti de Rambaldis de Imola Comentum 
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however, the new edition of P. Kiinzle has appeared. According to Kiinzle’s 

research, of the 233 manuscripts he examined, only 4 that date from the fif- 

teenth century have the variant “rotis”; compare P. Kiinzle (note 136), 61. But 
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(1847), 147; Chorges: “pro quodam horologio empto de mandato domini nos- 

tri et dato monasterio b. Marie ord. Cartus. civit. Caturci,” K. H. Schafer, Die 
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143. E. Volckmann, “Koln als altester Sitz deutscher Uhrmacherei,” Die 
Rheinlande. Monatsschrift fiir deutsche Kunst und Dichtung 28 (1918), 120, 121, 
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155. Exeter: A. M. Erskine, The Accounts of the Fabric of Exeter Cathedral 1279- 
1353, part I (Exeter, 1981), 7 f.; Howgrave-Grahem, “Clocks,” 296; Hesdin 

(note 130); London: F. Madden, Archeological Journal 12 (1855): 173 f.; Genoa: 
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schragen darneben uff.” 
160. The relief is often referred to in the horological literature; most re- 

cently Needham described it as a “representation of a clock,” Scrence and Civilt- 

zation, vol. 4.2, $4.43 a possibly mechanically driven bell-wheel is also depicted 
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Bruxelles, Bibliotheque Royale, MS IV, 111,” Scriptorium 23 (1963): 277-299 and 

plates 21-30; P. R. Monks, The Brussels Horloge de Sapience (Leiden, 1990), 53 ff. 

164. Illustrations in K. Maurice, Raderuby, U, figs. 34-46. 
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166. Compare Hahnloser, Villard, 134 f., 370 f., plate 44, and fig. 92. 
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7; B. Gille in Histoire Generale des Techniques, vol. 1 (Paris, 1962), 593, and In- 
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trie, Nouvelles Preuves de V Histoire de Chypre, I (Paris, 1837), 56 f.; C. Dehaisnes, 

Documents et extraits divers concernant Vhistotre de Part dans la Flandre etc., 2 vols. 
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177, Ibid., 41. 

178. Annales Mediolenses Anonymi, Muratori 16 (1730), 710. 
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381 

N@WES TOSVANG E S121 2.3 

213. The Leonardo sketch from the Codex Madrid in Maurice, Raderuly, 

H, figs. 80a-e; sketches of spring cases with fusees from the same Codex in 
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Dernier Recueil de Notes Historiques et avchéologiques (Rouen, 1892), 310 f.; Autun 

1377: A. De Charmasse, “L-Horlogerie et une famille @Horlogeurs,” Mem. Soc. 

Eduenne n. s. t. 16 (1888): 174 ff.; Lyons (1379): E. Vial and C. Cote, Les Horlag- 

ers Lyonnais de 1550 & 16501 (Macon, 1928), 1 ff.; Troyes (1380): J.-F. Gadan, Le 

Bibliophile Troyen (Troyes, 1850-1851); Bourges (see note 39); Sens (see chap. 4 

note 52); Angers (see note 38); Mainz (1369): Mitteilungen des Vereins fiir Ge- 

schichte und Altertumskunde in Frankfurt 5 (1874-1879): 607 f.; Minden (1384): 

K. Loffler, Die Bischofichroniken des Mittelalters, Mindener Geschichtsquellen 1 

(Miinster, 1917), 212; Xanten (note 1). 

59. Ruppert, Chrontken (chap. 3 note 36), 203. 

60. Compare the explicit remark of the Nuremberg Council when it took 

over the costs for the “ureglocken” of St. Sebald in 1489: the clock was 

“nit der kirchen, sunder gemeiner stat notturftig”; A. Giimbel, “Baurech- 

nungen,” Mitteilungen des Vereins fiir die Geschichte der Stadt Niirnberg 20 (1913): 
17; Rendsburgische Stadt- und Polizeiordnung 1720 Sept. 17: “Wie dann 

auch eben so wenig die Kirchen mit den gemein Uhren Reparation zu schaf- 

fen haben, sondern dieses Onus billig der Stadt-Cassa alleine zufallen muf, 

nachdem malen der nutzen davon nicht an die Kirche, sondern unstreitig 

auf die gesamte Biirgerschaft und Einwohner redundierte.” Corp. Const. 
Regio-Holsaticarum, ed. by F.D.C. von Cronhelm (Altona, 1749-1757), 

vol. II, 1753, 841 f. Remarks of a priest: “Ein Uhrwerk stehet zwar meh- 

renteils, sonderlich in Dorffern, auf dem Kirchthurm, es gehGrt aber eigent- 

lich nicht zur Kirche ..., weil es mehr zum weltlichen als zum geistlichen 

Gebrauch dienet.” Acta Ecclesiastica .. . (Leipzig, 1727-1752), vol. XIV, 1218 f. 

Decree of the Neumark Directorate of Church Revenues of Dec. 3 1772: 

“die Uhren aber mit dem Gottesdienst und der Kirche in keiner noth- 

wendigen Verbindung stehen, sondern einzig und allein zum Besten der 
Gemeine gereichen”; quoted from G. Arndt, “Die kirchliche Baulast in der 

Mark Brandenburg,” Jahrbuch fir brandenburgische Kirchengeschichte 15 
(1907), 8 f. 

61. Paris, Archives Nationales KK 532 n°2ter; the text of the vignette after 

R. Rodiere, “Le clocher de Sainte Saulve de Montreuil,” Mém. de la Comm. 

dep. des mon. hist. de Pas de Calais 33 (Arras, 1910): 252: 

Nos maire et eschevins de Monsterrel sur le Mer 

Avons fait cest orloge pour b(ien)n edeffier.- 

Tantost me veissiez ceste tour chi abatre 

Se Saint Sauve ne fust q(ui) n’en vau rien (r)abat(re).- 

Lorloge est b(ien) sea(n)z ychi; Dieu le nos sauve, 
Saint Justin, saint Waloi, sant Macleu et Saint Sauve. 

62. Paris (note 38); Magdeburg: ed. by C. Hegel, Chroniken der deutschen 
Stadte 7 (Leipzig, 1869), 378; compare Venice, 1394: “pro honore et consolati- 
one totius civitatis,” A. Tessier in Giornale degli eruditi et curiosi Padova 4 
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(1884): 45; Avignon 1461: P. Achard, Les Horloges publiques et les horlogers a 
Avignon (Avignon, 1877), 72. 

63. Paris 1419: Bossuat (note 38), 98 f.; Siena: G. Milanesi, Documenti per la 

storia dellarte senese, vol. 1 (Siena, 1854), 236 f.; Oudenburg 1402: E. Feys and 

D. van de Casteele, Histoire de Oudenburg (Bruges, 1873), vol. 1, 546 ff.; Liine- 

burg 1445: G. Melbeck, “Liineburger Uhren und Uhrmacher,” Liineburger 

Blatter 15-16 (1956): 243 ff. 

64. Aix-en-Provence 1486: Archives communales, BB 29, fol. 60; this infor- 

mation was kindly supplied by the staff at the archive. 

65. Compare V. Carpaccio, “Incontro dei Fidanzati,” for the (probably 

imaginary) dial on the Campanile in Venice, which has been placed higher so 

as tO Move it into view; see also the clock tower in “Arrivo degli Ambasciatori 

Inglesi.” Both paintings in Venice, Gallerie dell’Accademia. 
66. G. Campori, “Gli oroligieri degli Estensi,” Atti eMem. delle RR deputazi- 

ont di storia patria per la provencie dell Emilia, new series 2 (1877): 244 ff; S. 

Davari (chap. 4 note 217), 9. 

67. A. S. Milano, Reg. ducale no. 214; compare also Archivio Storico Lom- 

bardo 48 (1921): 610 f. 

68. M. A. Arnoult, Boussott-sur-Haine, 63 f., 67; C.-L. Diericx, Mémoires sur 

la ville de Gand, vol. 2 (Ghent, 1815), 68. 

69. L. Pastor, ed., Antonio de Beatis, Die Reise des Kardinals Luigi d’Aragona 

(Freiburg, 1905); L. Guiccardini, Descrittione di tutti i paest bassi (Amsterdam, 

1612; repr. 1968), 30. L. Lautrey, ed., Michel de Montaigne, Journal de Voyage 

(Paris, 1906), 78, 360; it is not entirely clear whether Montaigne means only 

public clocks when he speaks of the “mancamento d’oriuoli ch’e in questo loco 
(Luccata) et in la piu parte d'Italia.” He used the word “orioli” also to describe 

the clocks (sandglasses?) that were readily available to him in the baths of 

Lucca; see 334. 

70. Compare also the depiction of an unidentified village in western Swit- 
zerland: ibid., fol. 93 recto, and C. Pfaff, “Umwelt und Lebensform,” in A. A. 

Schmidt, ed., Die Schweizer Bilderchronik des Diebold Schilling 1513 (volame of 

commentary, Lucerne, 1983), 620. 

71. Compare the accounts from Torgau, Volkenroda, and Homburg, in D. 

van Adrichem, “De horologia a. 1525 apud Fratres Minores Torgaviae existenti- 

bus,” Arch. Francisc. Hist. 25 (1932): 105-108; a wealth of material is provided 

by K. Pallas, ed., Die Registraturen der Kirchenvisitationen 1m ehemals sachsischen 

Kurkreise, Geschichtsquellen der Provinz Sachsen 41 (Halle, 1906). 

72. J. Perrin, “Le Doyenné du Sundgau a la fin de la Guerre de trente ans 

(1647),” Archives de PEglise a Alsace 23 (= vol. 29, 1976-1979): 117-186, esp. 

147 ff. 

73. K. Pallas, ed., Die Registraturen der Kirchenvisitationen im ehemals stich- 

sischen Kurkreise, Geschichtsquellen der Provinz Sachsen 41 (Halle, 1906), H, 
4, 5, 421; from the decree for Bodenteich from a Liineburg visitation (1568): 

“Kirche bawfellig vnnd das volck wegerich diesselben zu bessern. Wollen auch 

di gebottene zulage vom seger, die zu 24 dalern erstiegen, nicht erlegen.” In 
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B. Lange, “Die Generalvisitation im Fiirstentum Liineburg,” Zeztschrift fiir 

Nidersiichsische Kirchengeschichte 58 (1960): 53. 

74. Codex Augusteus (chap. 10 note 62) I, col. 109; the Ecclesiastical Con- 

stitution in E. Sehling, Die reformatorische Kirchenordnungen des XVI. Jahrhuna- 

erts (Tubingen, 1902 ff), vol. V, col. 423. 

75. Quoted from Cancellieri, Campane, 89, who bases himself on S. Sarnelli, 

Lettere ecclesiatice, vol. VII (Venice, 1706), 24. 

76. See note 38. 

77. See the admonitory letter by the kings of Aragon to Perpignan in 1379, 

1387, 1399, Vielliard, “Horloges” (chap. 4 note 209), 163; Beeson, Perpignan, 

st ff; D. Girona Llangostera, “Itinerari del rey Marti (1396-14.02),” Institut 

Westudis Catalans, Anuari 4 (1911-1912): 145; the letter of the Marchese of Man- 

tua to Goito in 1523, Bertolotti (chap. 4 note 215), 289. 

78. Lyons 1481: L. Caillet, “Le consulat de Lyon et le clocher de St. INiZicte 

Bull. Hist. du Dioc. de Lyon 12 (1911): 316 ft; compare the ethical and political 

tone in the prologue to the first statute of the clockmaker’s guild in Paris 

(1544): “Maintenant que Pinvention des orloges a esté trouvée pour vivre et 

se conduire en reigle et ordre de vertu.” Paris Archives Nationales Y 6s, fol. 

110, printed in A. Franklin, Vie privé, 179. 

79. J. H. L. Bergius, Neues Polizey- und Cameralmagazin nach alphabetischer 
Ordnung, vol. 6 (Leipzig, 1780), 258; compare G. H. Zincke, Cameralistikbibli- 

othek, I. Theil (Leipzig, 1751; repr. 1973), 432 £5 Grundsitze der Polizenwis- 

senschaft, 3rd. ed. (Gottingen, 1782; repr. 1969), § 76, p. 68; compare Marp- 

erger, Horologiographia, 22 f., 57 f. 
80. Ed. by E. Eckertz, “Chronik der Stadt Erkelenz,” Annalen des histor- 

ischen Vereins ftir den Niederrhein 5 (1857): 45. 

81. N. van Wervecke, Kulturgeschichte des Luxemburger Landes 11 (Luxem- 
bourg, 1924), 86; A. Rigaudiere, Saint-Flour. Ville d’Auvergne au Bas Moyen Age 

(Paris, 1982), 754 and 276; J.-P. Leguay, Un Reseau urbain au Moyen Age (Paris, 

1981), 206 f. and elsewhere. 

82. Breslauer Urkundenbuch (note 51), 211, 214 f., 221; A. Kerschbaurner, 

Geschichte der Stadt Tulln (Krems, 1874), 374 f. 

83. J. Neyntjes, “Oudste Stadsrekeningen van Culemberg,” De Navorscher 

64 (1915): 81 ff; J. Jager, Urkundenbuch der Stadt Duderstadt (1885), 453; Pegau: 

J. Hohlteld, Stadtrechnungen als historische Queilen (Leipzig, 1912), 141 fF.; 

A. Meerkamp van Embden, Stadsrekeningen van Leiden 1390-1434, vol. 1 (Am- 

sterdam, 1913), 39; E. Dupont, “Registre des recettes et dépenses de la 

ville de Boulogne,” Mem. Soc. Acad. arr. B. 7 (1882): 186; J. H. W. Unger and 

W. Bezemer, Bronnen tot de Geschiedenis van Rotterdam, Yl, De oudste 

stadsrekeningen (Rotterdam, 1869), 70. 

84. Zurich 1366; H. Zeller-Wermiiller, ed., Die Stadthticher des t4. und 15. 

Jahrhunderts 1 (Leipzig, 1899), 412; Letter of safe-conduct for clockmakers 

from Delft, 1368, “De horologiorum artificium exercendo,” in T, Rymer, Con- 
ventiones, Literae ... , 3rd. ed. (Farnborough, 1967), vol. II, part II, 145; E. 
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Lemaire, Archives anciennes de la ville de St. Quentin, vol. I, 1910, vol. HI (MS), 
nos. 701, 744 ff. (information kindly furnished by the archive); in Lille Pierre 

Demileville was employed at the city clock from 1381, D. Clauzel, Finances et 

politique a Lille pendant la periode bourgignonne (Dunkirk, 1982), 143. 

85. Lucca (note 51); Montpellier (note 1); F. de Potter and J. Broeckhardt, 

Geschiedenis der Stad Aalst, part 2 (Ghent, 1874), 77 f.; Brunswick 1385-1386: 

Stadtisches Archiv Braunschweig, Copialbuch fol. 54 v., 65 v; Lucerne 1385: 

P. X. Weber, Das dalteste Luzerner Buirgerbuch (1357-1479) (Stans, 1921), 176 f.; 

Santiago de Compostela: F. Landeira de Compostela, Theatro Chronométrico 

del Noroeste Espanol (Madrid, 1957), 7; Moscow (chap. 4 note 181); Cafta 1374: 

M. Balard, La Romanie Genoise, vol. 1 (Genoa and Rome, 1978), 208 f. 

86. Mondinus 1334: L. de Mas Latrie, Nouvelle preuves de Histoire de Chypre, 

vol. 1 (Paris, 1837), 65 f.; journey of the company of Giovanni Loredan 1338: 

R. S. Lopez, “Venezia e le grandi linee dell’espansione commerciale nel secolo 

XU,” in La Civilta Veneziana des secolo di Marco Polo (Venice, 1955), 53, 77; C. 
Potvin, ed., Ouvres de Ghillebert de Lannoy (Lowen, 1878), 67; Kurz, European 

Clocks, 20 f.; Kurz downplays the event of 1338 for no good reason by interpre- 

ting the “relogium” as a sandglass, which would hardly have been mentioned 

in a property liquidation. 

87. On the clocks as part of the tributes paid to the Turks see the thorough 

work by G. Mraz, in Welt als Uhr, 39-54. 

88. “Neque enim horae sunt Turcis, quibus temporum, neque millaria, 

quibus locorum spatia distinguant. Talismanes habent hominum genus tem- 

plorum ministerio dicatum; hic mensuris utuntur ex aqua. Quibus postquam 

adventari auroram cognoverunt, clamorem tollunt e celsa turri in eum usum 

constructa; [division of the day into four unequal segments according to the 
seasons] Noctis omne tempus incertum es.” ... “Non enim facile gentem 

aliam minus piguit aliorum bene inventa ad se transferre. Testes majores- 

minoresque bombardae, multaque alia, quae a nostris excogitata ipsi ad se 

avertunt. Ut libros tamen typis excuderent, horologia in publico haberent, 

nondum adduci potuerunt: quod scripturam, hoc est suas literas sacras, non 

amplius scripturam fore, si excuderetur,; & si horologia publice haberentur, 

aliquid de aedituorum suorum & prisci ritus authoritate diminutum iri arbi- 

trentur.” Ogier Ghiselin des Busbecq, Opera quae extant omnia (Basel, 1740; 

repr. 1968), 28 f. The lack of interest on the part of the Muslims 1s confirmed 

in the introduction of Tag ad-Din, in Wiedemann and Hauser, 12. 

89. The report about Murad III comes from a MS in the monastery of 

Koutloumousi, R. M. Dawkins, The Monks of Athos (London, 1936), 311; R. 

Lubenau, Beschreibung der Reisen, ed. by R. Sahm (K6nigsberg, 1914), 98 (Ja- 

godina, 1587); see Kurz, European Clocks, 100; H. W. Duda, “Balkantiirkische 

Studien,” Osterreichische Akademie der Wissenschaften, Philosophisch-Historische 

Klasse vol. 226,1 (Vienna, 1949): 18, 28, 60 f. 

90. Following are the dates on the geography of the spread of public clocks: 

(a) abbey/monastery (c) residence/palace: 
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—by 1360: Orvieto, Parma, Valenciennes, Milan, Modena, Padua, Monza, 

Windsor (c), Avignon (c), Florence, Genoa, Bologna, Perpignan (c), Prague, 

Vincennes (c), Regensburg, Siena, Durham. 

— by 1370: Nuremberg, Frankfurt, Munich, Ferrara, Freiburg im Breisgau, 

Brussels, Augsburg, Beucaire, St. Quentin, Zurich, Fano, Queensborough (c), 

Breslau, Sheen (c), King’s Langley (c), London, Ivrea, Troppau, Udine, 

Utrecht, Mainz, Schweidnitz, Brieg, Deventer, Gloucester, York, Paris. 

—by 1380: Verona, Forli, Ghent, Middleburg, Ely (a), Mons, Mechelen, 

Golzinne (c), Rouen, Cologne, Colmar, Strasbourg, Tulln, Stralsund, Aachen, 

Exeter, Caffa, Feodosija, Culembourg, Bourges, Bridgewater, Perugia, Xanten, 

Avignon, Toledo, Chambéry, Douai, Dunes (c), Assisi, Vercelli, St.-Jean-de- 

Maurienne, Stade, Go6rlitz, Vienna, Montreuil-s.-M., Tournai, Termonde, 

Lier, Autun, Auxerre, Castres, Sens, Beaute-s.-M (c), Vicenza, leper, Mehun 

(c), Nonette (c), Argentan, Valencia, Pinerolo, Rostock, Liineburg, Koster- 

neuburg (a), Lyons, Noyon, Riez, Ripon, Pisa, Bamberg, Basel, Bern, Neuve- 

ville, Neufchatel, Zwolle, Nieppe (c), Cambrai, Macon, Tours, Troyes, Reims, 

Montargis (c), Rouvres (c), Montbard (c), Cornillon (c), Montserrat (a). 

—by 1390: Blankenburg, Vorau (a), Lowen, Male (c), Lille, St. Mihiel, 

Senlis, Hamburg, Bruges, Nymegen, Courtrai, Zutphen, Elbing, Fritzlar, 

Oudenburg, Dyon, Laon, Venice, Friedberg, Minden, Liibeck, Amiens, 

Angers, Greifswald, Lucerne, Tonnere, Burgos, Reggio, Emilia, Wiirzburg, 
Brunswick, Neusohl, St. Omer, Hesdin (c), Evreux, Villaines (c), Palma de 

Mallorca, Salisbury, Muggia, Albenga, Cracow, Poitiers, Beauvais, Germolles 

(c), Barcelona, Oxford, Reinbek (a), Bethune, Lerida, G6ttingen, St. Flour, 

Rottenmann, Chalons-sur-Marne, Schlettstadt, Wittingau (a), Ragusa (Du- 

brovnik), Gubbio, Preetz (a), Luxembourg, Hal, Leiden, Grenoble, Ottery 

(a), Sagan (a). 

—by 1400: Lucca, Chieri, Metz, Melun (c), Riom, Damme, Chartres, 

Wells, Olmiitz, Hannover, Ochsenfurt, Beaumont, Namur, Rodez, Olite (c), 

Aire-sur-la-Lys, Doberan (a), Esslingen, Speyer, Lausanne, Enghien, Aalst, 

Beaune, Santiago-de-Compostela, Mantua, Sluys, Niort, Magdeburg, Seville, 

Citta di Castello, Ulm, Duderstadt, Asniere-sur-Seine (c), Lsle-sur-Sorgue, 

Caen, Fougeres, Chateauneuf-sur-Loire, Aardenburg, Saaz (a), Koscian, War- 

rington (a), Marienburg, Leitomischl, Geraardsbergen, Le Quesnoy (c), 

Locquignol (c), Peronne, Montpellier, Ingolstadt, Kaster (c), Pegau, Uber- 

lingen, Yverdon, s'Hertogenbosch, Lens, Apt, Nimes, Winchelsea, Auxonne, 

Piacenza, Brescia, Ancona, Rovato, Winterthur, Chinon, Compiegne, Abbe- 

ville, Moulins, Coutances, Jugny, St. Jean-d’Angely. 

For reasons of space it is not possible to list all localities. They have been 

collected in a source inventory on the history of public clocks in late medieval 
Europe; the inventory 1s being prepared for duplication. Interested readers are 

invited to address question and inquiries to the author. 
g1. J. Le Gott, “Ordres mendiants et urbanisation de la France médiévale,” 

Annales: Economies. Societes. Civilisations 25/2 (1970): 937. 

92. P. Contamine, “Contribution 4 PHistoire dun mythe: Les 1,700,000 



393 

NOTES TO PAGES 163-168 

clochers du royaume de France (XV-—XVI siécles),” in Economies et Sociétés au 

Moyen Age (Melanges E. Perroy) (Paris, 1973), 414-421; P. Meyer, “Les dix-sept- 

cents mille clochers de la France,” Romania 7 (1878): 104-106. 

93. N. Machievalli, “Ritracto de Cose di Francia (1512/1513),” in Opere II (Ve- 

rona, 1979), 338, where the figure is given as 1,000,700 (incl. seven abbeys); 

the German edition, ed. by H. Floerke, vol. 2 (Munich, 1925), 196, takes over 

this figure with the comment that the French edition of Guiraudet (Paris, 

1798) corrected it to 17,000. 

94. L. Génicot, “Les grandes villes de Poccident en 1300,” in Economies et 

Socieétes (note 92), 199-219. 

95. H. Aubin and W. Zorn, eds., Handbuch der deutschen Writschafts- und 

Sozialgeschichte, vol. 1 (Stuttgart, 1971). 

96. An “arlogio all commune” is mentioned in Fano after 1366; this infor- 

mation was kindly furnished by the town archives; Troppau (note 82); Brieg 
1370: I. Griinhagen, Urkundenbuch Brieg, Codex diplomaticus Silesiae 9 (Bres- 

lau, 1870), no. 295; Scheidnitz (note 51); Ivrea (note 49); Tulln (note 82); Gor- 

litz 1377: R. Hecht, Gorlitzer Ratsrechnungen, Cod. dipl. Lusatiae superiores, 

part II (GoOrlitz, 1896), 42; Stade ca. 1377: J. Bohmbach, Urkundenbuch Stade 

(Hildesheim, 1981), 101; Stadthagen 1388: R. Brosius, Stadthagener Stadtrech- 

nungen 1378-1401 (Biickeberg, 1968), 44 ff; Culembourg (note 83); Castres 

1377: L. Barbaza, Annales de la ville de Castres (Castres, 1886), 133; Donaustauf 

before 1400: C. T. Gemeiner (chap. 4 note 197), III, 107. 

97. On the demography see W. Preuvenier, “La démographie des villes du 
comte de Flandre aux XII le siecles,” Revue du Nord 65 (1983): 255-275; A. Der- 

ville, “Le nombre @habitants de l’Artoise et de la Flandre Wallone (1300- 

1400),” ibid. 277-299. A comparison with the cities invited to the general 
meeting of the Estates General further reinforces this impression. 

98. Chevalier, Bonnes Villes (note 50), 37 ff; C. H. Taylor, “Assemblies of 

French Towns in 1316,” Speculum 14 (1930): 275-299. 

99. J. Le Goff, “Ordres” (note 91). 

100. Recently the usefulness of the “critere mendiant” for comparative pur- 
poses in the research on urbanization has been questioned. A. Derville has 

pointed out that while there is little doubt that four or more convents presup- 

pose a certain urban size, it is not true that every large city, at least in north- 
western Europe, was home to a corresponding number of convents. He also 
points to the appearance of demographically and economically insignificant 
localities with convents of mendicant orders. ; 

ror. N. Bulst, “Vers les états modernes: Le tiers état aux Etats généraux de 
Tours en 1484,” in R. Chartier and D. Richet, eds., Representation et vouloir 

politiques (Paris, 1982), 11 ff; N. Bulst, Die franzdsischen Generalstande von 1484. 

Prosopographische Untersuchungen zu den Deligierten, Beihefte zu Francia 26 

(Sigmaringen, 1992). 
102. Favreau (note 38). 

103. Leguay (note 81), 206 f. 

104. L. Fillet, “Horloges publiques dans le Sud-Est de la France,” Bull. 
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Archéol. du Comite des travaux Historiques (1902): 101-119; R. Bailly, “Horloges 

et Beffrois Vauclusiens,” Mém. de PAcadémie de Vaucluse 5. ser. 8 (1961-1962): 

65-129. 

105. A. Bovelli (note 27); Juan Alemany in Valencia (1378): L. Montanés 

Fontenla, Capitulos de la Relojeria en Espana (Madrid, 1954), 61 f., Antonio Core 

from Bologna and Matheu Alemani in Lérida (1390, 1406), Roberto de Malina 

(Mecheln) in Valldigna (1435): L. Montanés, 68 f. 

106. Palermo: H. Bresc, Un monde méditerranén. Economie et société en Sicile 

1300-1450, vol. 2 (Paris, 1986), 721; Diaria Napoletana, in Muratori 21 (1732), 

cols. 1043 ff.; Ragusa 1389: D. Petrovic (the first public clock and the first 

clockmakers in Dubrovnik), Museum fiir die dekorativen Kiinste 13 (Belgrade, 

1969): 59-66; My earlier conjecture that no dates existed for this region must 

be corrected; see G. Dohrn-van Rossum, “The Diffusion of the Public Clocks 

in the Cities of Late Medieval Europe 1300-1500,” in B. Lepetit and J. Hoock, 

eds., La ville e Pinnovation (Paris, 1987), 38. 

107. “Veruntamen confitendum erit, ob imperitam antiquitatem et simplici- 

tatem vetusti seculi, tardissime ad gentes Aquilonares eam dierum, hora- 

rumque distictionem, qua nunc alie nationes utuntur (immo et ad usum cam- 

panarum) pervenisse. Nunc autem in Aquilonari plaga fere tota adeo perfecta, 

facilia et usta horologia, tam domestica, quam externa arte fabricata sunt, ut 

nil amplius, quam sagax directio eisdem competere videatur . . . Quod autem 

tardius modernorum usus pervenerit ad Septentrionales regiones, mirum non 

est, cum Roma omnium rerum curiosissima, longissimo aevo indiscretam lu- 

cem habuisse perhibeatur, donec Scipio Nasica . . . [there follows an account 

based on Pliny, Hist. nat. VII, 215].” Olaf Magnus, Historia de gentibus septentri- 

onalibus .. . (Rome, 1555; repr. 1971), 52 f. 

CHAPTER 6 
1. Maurice, Raderuhr I, 26. 

2. A. Hauber, Planetenkinder und Sternbilder (Strasbourg, 1916). Since ed- 

ited textual sources are relatively rare, I should like to give one example of the 

description of the children of Mercury: “Sin kind ist gar wol gesprech vnd 

maisterlich red vnd ru(e)mat sich selber geren vnd fraget gern nach grossen 

kunsten vnd wurt gewunlich ain maister der redkunst vnd predigens der 

astronomi der geometri der mensur des ertrichs vnd der figur des gestirnes, 

der speren des hymels vnd der elementen beschayden kan ain disputirer vnd 
ain maister naturlichen sachen vnd zaubry vnd ander ku(e)nsten mit den man 
kunftigew ding bevindet. vnd ain maister hu(e)bscher spru(e)ch vnd ain mays- 

ter dichtens vers machens vnd grosser rechnung, malens snitzens vnd ergra- 
bens vnd entwerffens vnd hat wunderlich betrachtung vff die kunst vnd ainen 
vnmu(e)ssigen sin vnd begrift was er wil vnd behebt es lang vnd is vnstat vnd 
beweglich vnd kumpt gern in fremdw lant.” Astronomisch-astrologisches Lehr- 
biichlein, after a text (dated 1404) in the F. Ottingen-Wallersteinschen Biblio- 
thek zu Maihingen, ed. III (German) 14° I, fol. 25, quoted from V. Stegemann, 
Aus emem mittelalterlichen deutschen astronomisch-astrologischen Lehrbiichlein 
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(Reichenberg, 1944; repr. 1973), 53; compare R. Dieckhoff, “Antiqui-moderni. 
Zeitbewuftsein und Naturerfahrung im 14. Jahrhundert,” in A. Legner, ed., 
Due Parler und der schone Stil (Exhibition Catalog), vol. 3 (Cologne, 1978), 83. 

3. From “De Sphaera,” Biblioteca Estense Modena, MS lat. 209, quoted 

from “Arti, Mestieri, Tecnichi” (Exhibition Catalog) (Modena, 1983), 6s. 

4. An account of the theoretical literature in Sternagel, Artes Mechanicae. 

5. The comparison of cosmos-creator with clockwork-clockmaker in Nico- 

las Oresme, Tractatus de commensurabilitate . . . (ca. 1360), ed. by E. Grant, Ni- 

cole Oresme and the Kinematics of Circular Motion (Madison, 1971), 294; Nicolas 

Oresme, Le livre du ciel et du monde (1377), ed. by A. D. Menuit and A. J. De- 

nomy (Madison, 1968), I.29 and II.2, p. 288; Heinrich von Langenstein, 

Lectura super Genesim (1385-1393), comparison of creator-god with clockmaker, 

creatures with clockwork, unpublished; compare N. H. Steneck, Science and 

Creation in the Middle Ages: Henry of Langenstein (died 1397) (Notre Dame, 
Ind., and London, 1976), 92, 112, and elswhere. 

6. J. Abeler, Meister der Uhrmacherkunst (Wuppertal, 1977); G. H. Baillie, 

Watchmakers and Clockmakers of the World, vol. 1 (London, 1972); J. L. Bassanta 

Campos, Relojeros de Espana. Diccionario Bio-Bibliografico (Museo de Ponteve- 
dra, Pontevedra, 1972); B. Loomes, The Early Clockmakers of Great Britain 

(London, 1982); E. Morpurgo, Dizionario degli orologiai italiani, 2nd ed. (Mi- 

lan, 1972); idem, Nederlandse klokken —en horlogemakers vanaaf 1300 (Amster- 

dam, 1970); Tardy (H. Lengelle), Dictionnaire des Horlogers Frangais, 2 vols. 

(Paris, 1972). 

7. L. White, Jr., “The Expansion of Technology 500-1500,” in C. Cipolla, 

ed., The Fontana Economic History of Europe, vol. 1 (New York, 1972), 160. 

8. On the role of clockmakers as machine builders during the early phase of 
industrialization see A. E. Musson and E. Robinson, Science and Technology in 
the Industrial Revolution (Manchester, 1969). 

9. See, for example, Cipolla, Clocks, 47-49. 

10. Goldsmiths as clockmakers according to K. Maurice, Die franzdsische 
Pendule des 18. Jahrhunderts. Ein Beitrag zu threr Ikonographte. Neue Miinchner 

Beitrage zur Kunstgeschichte, vol. 9 (Berlin, 1967), 93; clockmakers as a small 

elite from the fifteenth century: D. Sella, in C. C. Cipolla and K. Borchardt, 
eds., Europaische Wirtschaftsgeschichte, vol. 1 (Stuttgart, 1978), 238. 

i. Clockmakers and bell-founders as traveling craftsmen: K. Maurice, Rad- 

eruby, 1, 43; on the wanderings of specialized craftsmen see Sella (note 10), 255. 

12. Hermann Josef (chap. 4, note 51); Beaulieu, St. Paul’s in London (chap. 

4 note 141); Robertus Anglicus (chap. 4 note 125). 

13. Landes, Revolution, s6 f.; see also North, “Monasticism,” 384 f. 

14. See chap. 4 note 122. 
1s. H. Géraud (chap. 3 note 25), 162; he is listed in Tardy, Dictionnaire (note 

6) as the earliest name in the French-speaking regions. 
16. FE. Godefroy, Lexique de VAncien Francais (Paris, 1901), 18; Le livre de taille 

de Paris Pan 1296/1297, ed. by K. Michaelsson, Romanica Gothoburgensia 7, 9 

(Goteborg, 1958), 1962. 
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17. On Pipelart and Gilebert see chap. 4 note 129. 

18. Sens: Julliot (chap. 4 note 52), 389; he is described as an English 

clockmaker in Paris in Tardy, Dictionnaire; the frequency of the last name 
“Panglais” is apparent from the tax rolls of 1296 and 1297 (note 16) as well as 

from the roll of 1313, ed. by K. Michaelsson (Goteborg, 1951), passim. 

19. Noyon 1333-1334: “cura de pulsatio orologiorum . . . magister orlogi- 

orum. . . ad videndum si esset aliquid corrigendum dictis orologiis,” Archives 

de département Oise, G. 1380, compare Revue des Soc. savantes 3 (1862): 587; 

Hesdin (chap. 4 note 119); J. Houdoy, Histozre artistique de la Cathedrale de 

Cambrm (Lille, 1880), 158. 
20. Avignon 1329: K. H. Schafer, Die Ausgaben der apostolischen Kammer 

unter Johann XXII (Paderborn, 1911), 772; B. Guillemain, La cour pontificale 

a’Avignon 1309/1376 (Paris, 1966), 401; Mondinus of Cremona (chap. 4 note 

172), Johannes de Scilo (note 14); R. Ebeling, ed., Das alteste Stralsunder Biirg- 

erbuch (1319-1348) (Stettin, 1926), 71. 

21. I. H. Jeayes, ed., Court Rolls of the Borough of Colchester, vol. 1 (1310-1352) 

(Colchester, 1921), 35 f.; W. Hudson, ed., The Three Earliest Subsidies for the 

County of Sussex, Sussex Record Society 10 (Lewes, 1910), 229; see G. Fransson, 

Middle English Surnames of Occupation 100-1350 (Lund, 1935), 136. 

22. Compare Middle English Dictionary, vol. 7 (Ann Arbor, 1980), 296. 

23. C. Wordsworth, Statutes of Lincoln Cathedral (chap. 4 note 140), pt. 2, 

p. CXVI £.; Norwich 1322-1325 (chap. 4 note 171); St. Albans: Gesta Abbatum, 

ed. by H. T. Riley, Rer. Brit. M. A. script. 28 (1867), 335, 383, 385. 

24. For the early period see, in addition to G. Fransson (note 21), also T. 
Erb, “Die Berufsbezeichnung der Handwerker im Mittellatein,” dissertation 

(Berlin, 1973); idem, “Probleme der Terminologie der Handwerksberufe . . . ,” 

Ungarische Akademie der Wissenschaften, ed., Internationales Handwerks- 
GZeschichtliches Symposton (Veszprém, 1978), 395. 

25. On the construction of astronomical clocks see esp. the works by E. 

Poulle and J. D. North; L. White, Jr., “Medical Astrologers and Late Medieval 

Technology,” Viator 6 (1975): 295-308. 

26. The sources in J. D. North, Richard of Wallingford. 
27. Chap. 5, note 17. 

28. Whether bestowed by someone, attributed, or assumed within the fam- 
ily, such honoring epithets were nor unusual in this period; compare in Venice 

(chap. 5, note 29), Johannes ab horelegio, Mantua 1402, Davari (chap. 4 note 
217), 7. Such epithets also appear in the German-speaking regions; however, 
the boundary between this and an occupational designation that is not in- 

herited is indistinct: Peter van der uyrclocken (Aachen 1373), J. G. Laurent, 

Aachener Zustinde im 14. Jahrhundert auf Grund von Stadtrechnungen (Aachen, 
1876), 237, 249; Magister Johannes de orologio (Klosterneuburg 1429-1430), 

F. Rohrig, “Das kunstgeschichtliche Material aus den Klosterneuburger 
Rechnungsbiichern des 14. u. 15. Jahrhunderts,” Jahrbuch des Stifts Kloster- 
neuburg N. F. 6 (1966), 157; the Ulm patrician Otto Roth (died 1422) was 
given the epithet Horglogg presumably because he donated a clock, from E. 
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Zinner, “Zur Ulmer Sternkunde und Uhrmacherei im Mittelalter,” Berichte der 
Naturforschenden Gesellschaft Bamberg 39 (1947): 6 f. 

29. On the biography of Giovanni Dondi and on the history of the astrar- 

ium see Bedini and Maddison, Mechanical Universe; the text has been edited 
by E. Poulle, Opera omnia Jacobi et Johannis de Dondis. Fac-simile du manuserit, 

edizione critica della versione A, trad. franc. (Padua and Paris, 1987-.); older edi- 

tion: A. Barzon, E. Morpurgo, A. Petrucci, and G. Francescato, Giovanni 

Dondi dal? Orologio, Tractatus Astrari (Bibl. Capitolare di Padova, Cod. D. 39) 

(Rome, Vatican City, 1960); compare Poulle, Equatoires; bibliography: G. 
Bozzolato, “Le opere edite e¢ inedite, le fonti e la bibliografia su Jacopo e Gio- 

vanni Dondi dallOrologio,” Boll. del Centro Internazionale A. Beltrame di Storia 

dello Spazio e del Tempo 2 (1984): 75-102; rev. ed. in Padua Sidus Preclarum. I 
Dond: dallOrologio e la Padova dei Carraresi (Padua, Edizioni 1+1, 1989). 

Dondi’s astrartum was a clockwork-driven planetarium, as was presumably 
also Richard of Wallingford’s Horologium Astronomicum. Unlike clocks with 

simple astronomical indications and simulations (lunar phase, signs of the Zo- 

diac) and astrolabe dials, genuine planetaria were rare! In the Middle Ages the 
descriptive designation astrartum was given only to Dondi’s clock and to the 
copy of this clock by Regiomontan at the end of the fifteenth century; on these 

distinctions see Poulle, Equatorres. Because of the prominent place in which 
they have been published, it might be useful to point out the considerable 
accumulation of mistakes in the entry “Astrarium” in Lexikon des Mittelalters, 
vol. 1 (1980), cols. 1134 f. The opening part of the discussion emphasizes as 
the basic “intellectual idea” behind the construction of the astrarium in 1344 

(Dondji’s calculations were in fact for 1365; the author has presumably confused 

his clock with the tower clock that Jacopo Dondi built in Padua) N. Oresme’s 
conception of the universe as a clockwork (which he formulated around 1377!). 

Subsequently all of the more or less well documented astronomical simula- 

tions are included among the astraria. Vitriuvius (IX.9.1) supposedly men- 

tioned a planetary clock (in fact Vitrivius is talking about a water-clock-driven 
astrolabe IX.8.8-15). As an example of royal patronage we are told about the 
astronomical clock that was sent to Frederick II in 1332 (correct date 1232!). 

The event is cited following the account of Trithemius, which is later and 
sounds more mechanical. Next the automata clock in Damascus is grouped 
among the astraria, something the cited author E. Wiedemann never asserted. 

Even the “orolei” in the poetic work Jeingerer Titurel is included as a dimin- 
ished form. Next the clock of Richard of Wallingford, abbot of St. Alban in 

Hastingshire (correct: St. Albans in Hertfordshire), is singled out for its eco- 

nomic importance owing to its indication of the tides, a claim that is open to 
debate given that the device was so far from the sea. For the clock on (correct: 

in) the Strasbourg Minster in 1352 (better: 1352-1354) the article names as the 

constructor the legendary Jean Bournave, unknown in the Middle Ages, who 
“is said to have learned his craft among the Arabs” (on this see Maurice, Rader- 
ubr 1, 36 ff.). Finally, some public clocks are included in the list of astraria. 

30. E. Zinner, Leben und Wirken des Joh. Miiller von Konigsberg, genannt Regi- 
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omontanus, 2nd ed. (Osnabriick, 1968), 180, 215 ff; E. Poulle, “L’Horloge plan- 

étaire de Regiomontanus,” in G. Hammann, ed., Regiomontanus-Studien (Vi- 

enna, 1980), 335-341. 

31. L. Thorndike, A History of Magic and Experimental Science, vol. [V (New 
York, 1934), 150 ff; F. D. Prager, “Fontana on Fountains,” Physis 13 (1971): 

341-360; E. Battisti and G. S. Battisti, Le macchine cifrate di Giovanni Fontana 

(Milan, 1984); a depiction of a rather plain wooden water clock can be found 

in a Turin manuscript of Robert Valturio’s De re militari, ed. by S. Ricossa, Le 

macchine di Valturio (Turin, 1988), facs.— fol. 49 v. 

32. Cambrai, “Compotus orologiorum” 1348-1349: “pro quodam nuntio 

misso Ambianis ad magistrum Johannem de Linieres,” Dehaisnes, Documents 

(chap. 4 note 172), 365 f. Amiens was the birthplace of Johannes de L., who 

was active in Paris between 1320 and 1335 and died before 1355. Of course this 

does not confirm the identity of the person, since this surname was not rare 

in Amiens at that time. 

33. E. Poulle, Un Constructeur; idem, “Un atelier parisien de construction 

dinstruments scientifiques au XVe siecle,” in P. Benoit and D. Cailleaux, eds., 

Hommes et Travail du Métal dans les villes médievales (Paris, 1988), 61-67. 

34. A. Pinchart, “Archives des Arts, des Sciences et des Lettres,” in Mess. Sc. 

Belg. (1884): 188 f.; Poulle, Constructeur, 27; idem, Equatoires, SOR 

35. Symon de Phares, Receuil des plus celebres astrologues et quelques hommes 
doctes, ed. by E. Wickerheimer (Paris, 1929), 261; cited from G. Le Cerf and 

E. R. Labande, Instruments de Musique du XVe siecle. Les Traites d’ Henri-Arnaut 
de Zwolle (Paris, 1932), p. XIII. 

36. A. L. Isaacs, The Jews of Majorca (London, 1936); guides to the extensive 

specialized literature are D. Romano, “Les Juifs de la Couronne d’Aragon, 

avant 1391,” Revue des Etudes Juives 141 (1982): 169-182; and A. Alvaro Santama- 

ria Arandes, “Mallorca en el Siglo XIV,” Anuario de estudios medievales 7 (1970- 

1971): 165-238. 

37. Jewish clockmakers and instrument builders at the court of Aragon: A. 

Rubio y Lluch, Documents per Vhistoria de la Cultura Catalana Mig-eral, 2 vols. 
(Barcelona, 1908-1921), I, nos. 201, 202, 284; II, nos. 79, 85, 88, 106, 118, 129, 

141, 143, 144, 175, 181, 197, 253, 258, 268, 290, 292. 

38. M. Millas Vallicrosa, in Serafad 6 (1946): 16s. 

39. Bartolomeo Manfredi (died 1478): Davari (chap. 4 note 217); E. Poulle, 

“LEquatoire de Guillaume Gilliszoon de Wissekerke,” Physis 3 (1961): 223-251; 

Johannes Stoffler: Zinner, Raderuhren, 34, 57; C. Maccagni, “The Florentine 

Clock and Instrumentmakers of the della Volpaia Family,” Actes du Congres 
Intern. @’ Histoire des Sciences toa (Paris, 1968): 65-73; Poulle, Equatoires, 653 ff. 

40. See Turner, Astrolabes, 37 f€. 

41. See the critical and apt remarks by G. Bayerl, “Technische Intelligenz im 
Zeitalter der Renaissance,” Technikgeschichte 45 (1978): 336-353. 

42. Galvano Fiamma, Opusculum (chap. 4 note 176), 41. 

43. L. Osio, Documenti diplomatici tratti dagli archivi Milanesi, vol. 1 (Milan, 
1864), 117. 
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44. Compare chap. 4, The first small clocks. H. Saalman, ed. (chap. 4 note 

ARUI)\y Sik iB, WOR. 

45. E. Cantu, ed., Annali della Fabbrica del Duomo di Milano (Milan, 1877 

ff.); Francisco Pessono: I, 225, 256 f.; A. Angelucci, Document inediti per la 

storia delle arnn da fuoco italiane (Turin, 1869), 107 ff.; Giovanni di Zellini: An- 

nalt I, 262, 264; Filippo da Modena: Annali, Appendici I, 306. 

46. G. B. Gallicciolli, Delle memorie venete . . . (Venice, 1795), 358, after D. 

Calabi and P. Morachiello, Rialto: Le fabriche e il ponte (Turin, 1987), 95; F. Scar- 

amella, “Il primo orologio pubblico a Verona,” La Clessidra 8/3 (1952): 22 f. 

47. Bedini and Maddison, Mechanical Universe, doc. 13, p. 51 £.; M. Savanar- 

ola, “Commentariolus de laudibus Patavii,” Muratori 24 (1731), col. 1164. 

48. Bedini and Maddison, Mechanical Universe, 25. 

49. Antonio de Tritio: Diztonario biografico degli Italiani, vol. 1 (Rome, 
1960), s. v. “Antonio da Trezzo,” Ragusa (chap. § note 108). 

50. For the most part these experts undoubtedly stood outside of the social 

structure of feudal society. However, G. Bayerl’s inquiring conjecture that they 
may also have contributed to the transformation of feudal society (note 41, 340 

f.) does not strike me as plausible. By compensating for structural obstacles to 

modernization, for example, they may also have contributed to stabilizing it. 
s1. A. Bossuat (chap. 5 note 38), 101. 

52. The view of Rolf Sprandel: “Die Ausbreitung des deutschen Handwerks 
im mittelalterlichen Frankreich,” Vierteljahresschrift fiir Soztal- und Wirtschafts- 
Geschichte 15t (1964): 66-100, 93. 

53. Avignon (chap. 5 note 38). 

54. On the significance of lead and the profession of plumbers for medieval 

construction see P. Benoit, “Le plomb dans le batiment en France a la fin du 

Moyen Age,” in P. Benoit and O. Chapelot, eds., Pierre et Metal dans le batiment 

au Moyen Age (Paris, 1985), 339-355. 

5s. Delft: Rymer, “Foedera” (chap. 5 note 84); Ragusa (chap. 5 note 108); 

Valencia (Lerida: chap. 5 note 107). 

56. Pierre Merlin (chap. 4, note 52, chap. 5 note 38); Girardin Petit: P. Pan- 

sier, Histoire de la Langue Provencale a Avignon, 5 vols. (Avignon, 1924-1932; 

repr. 1974), I, 109; Renouvier and Ricard (chap. 5, note 1), E. de Laplane, 

Histoire de Sisteron, vol. 2 (Digne, 1843), 246 ff.; “Henricus Halder horelogifex 

di Basilea,” H. Witte, ed., Urkundenbuch Strassburg, vol. 7 (Strasbourg, 1900), 

459 f.; as citizen and locksmith in Basel 1385-1410, Fallet-Scheurer, Zectmessung, 

294 ff.; Weber, Luzerner Biirgerbuch (chap. 5 note 85); Claus Gutsch: F. X. 

Kraus, Kunst und Altertum im Unter-Elsajs (Strasbourg, 1876), 385; Villingen 

(chap. 4 note 172). 
57. Mons 1372-1379: A. Wins, L’Horloge a travers les ages (Paris, 1924), 11, 

Dehaisnes, Documents (chap. 4 note 172), 556; Cologne and Frankfurt 1372: 

Zinner, Raderubren, 108; Orléans 1452-1454: P. Vreyer et al., Inv. som arch. com. 

Orleans (1907); G. Lavergne, Moulins inedit. L’enfance de Jaquemart (Meaux, 

1908). 

58. Meister Marquardt: Municipal Archive Braunschweig B 1, no. 2 (cartu- 
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lary), fol. 54 v., 65 v.; Werner Hert: K. Ziilch, Frankfurter Kiinstler 1223-1700 

(Frankfurt, 1935); Lazarus Kreger: I. A. Jenzen, “Die Monumentaluhr im 

Frankfurter Dom,” in idem, ed., Ubrzeiten, 43 ff; Andernach: LHSTA 

Koblenz, Bestand 612, according to information kindly furnished by the ar- 

chivist. 

59. C. Milanesi, Documenti per la storia delV’arte senese (Siena, 1854), 326 f.; 

Memorie originali italiane risguardanti le Belle Arti, ser. TV a (Bologna, 1843), 

145 ff. 

60. Hinrik von dem Hagen: K. F. Leonhardt, Das alteste Biirgerbuch der 

Stadt Hannover (Leipzig, 1933), 96; Leonard Wunderlich 1456: Birgerbuch, ed. 

by K. Kaczmarczyk, Wydawnictwa Archivum Aktow Dawnych Miasta Kra- 
kowa (Cracow, 1904-1915), V, 211, no. 6340; Hans Graft: H. Dopsch, ed., 

Geschichte Salzburgs, vol. 1/2 (Salzburg, 1983), 1417. 

61. Giovanni de Fabriano 1375 in Orvieto: L. Fumi, I/ Duomo di Orvieto e 

suoi ristauri (Rome, 1891), 459; Onofrio de Fabriano 1433 in Iesi: G. Annibaldi, 

Il Lucagnolo. Ovvero sulVoreficeria di Jest (1879), 14; Nicolo di Bonandrea de Fa- 

briano 1443 in La Spezia: Belgrano, Antichi orologi (chap. 4 note 155), 52 f.; fr. 

Jacobus de Fabriano 1460-1480 in Rome: E. Miintz, Les Arts a la Cour des Papes 

I (Paris, 1878), 305; Almanus-MS, ed. Leopold, no. 19; Tebaldus Persiani from 

Fabriano 1523 in Todi: P. Alvi, Todi, citta illustre nel? Umbria, cenni storici (Todi, 

I9IO), 305. 

62. Bourges (chap. 5 note 39); Leguay (chap. 5 note 81), 120, 206 f., 272; 

compare R. Sprandel, “Ausbreitung” (note 52), 79. 
63. For Rome see C. L. Maas, The German Community in Renaissance Rome 

1378-1523 (Rome, 1981). 

64. Florence 1407 ff.: A. S. Florenz, Arte del chiavaiuoli, ferraiuoli e calderai, 

no. 3; Cracow 1410: J. Ptasnik, Cracovia Artificium 1300-1500 (Cracow, 1917), 

nos. 177, 400; Basel: from 1413 Hensli Halde in the manual of the guild of 

smiths, Fallet-Scheurer, Zettmessung, 291; Andernach: “Mitgliederliste der 

Bruderschaft der Schmiedezunft (1s Jh.),” ed. by E. Schulte, Vierteljabresschrift 

fiir Wappen-, Familien- und Siegelkunde 4.0 (1912): 141, 143; Nuremberg: Mau- 

rice I, 299 f.; E. Groiss, “Das Augsburger Uhrmacher-Handwerk,” in Maurice, 

Welt als Uhr, 63 ff. 

65. G. Hertel, ed., Urkundenbuch der Stadt Magdeburg, vol. 2 (Halle, 1894), 

146; H. v. Voltelini, “Urkunden und Regesten aus dem K. U. K. Hof- und 

Staatsarchiv,” Wiener Jahrbiicher 19 (1898): I, II. 

66. Chap. 5 note 44. 

67. See G. Dohrn-van Rossum, “Uhrmacher,” in H. Reith, ed., Lexikon des 

alten Handwerks, 2nd ed. (Munich, 1991), 246-252 with additional references 
to the literature. 

68. See P. Sasson, “Quelques aspects sociaux de lartisanat Bruxellois du 
metal,” Les Cahiers Bruxellois 6 (1961): 98-111. As one example for the “valets du 
chambre” and their activities for the court see the material on Pierre Lombard, 
Pinchart (note 34), 189 ff. ' 

69. W. Reininghaus, ed., Quellen zur Geschichte der Handwerksgesellen im 
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spatmittelalterlichen Basel (Basel, 1982), 45; Abbé Requin, “Documents inédits 
sur les origines de la typographie,” Bull. Hist. et Philol. du Comité des travaux 
historiques (1890): 32-50; A. Swierk, “Was bedeutet ‘ars artificialiter 
scribendr?” in H. Widmann, ed., Der gegenwiirtige Stand der Gutenberg- 

Forschung (Stuttgart, 1972), 241-250; A. Bardon, Histoire de la ville de Alais 

(Nimes, 1896), 207, 282. 

70. Ina charter (dated July 31, 1593) signed by the citizens of Ems, we find 

this among the members of the guild of smiths: “derwyl jan Uhrwerker nicht 
schryven kann so hefft syn marck [a sign] hyr onder schrivet,” Zeitschrift fiir 
Geschichte und Altertumskunde Westfalens 10 (1872): 244, 258 with plate. 

CHAPTER 7 

1. Examples: in Tournoi the city council ordered that the clock in the belfry 
should strike the “bancloque” (1377), A. Hocquet, “Chroniques de Franche, 

@Engleterre . . .” Soc. bibliophiles belges 38 (Mons, 1938): 204 f. In Enghien in 
1430 an order went out for “ung orloige sour le grand cloque,” E. Mathieu, 

“Histoire de la ville d’Enghien,” Soc. des Sciences, des Arts et des Lettres du 

Hainaut I (1876): 294 fF. 

2. See Battard, Beffrois; Michel, Hotels de Ville; Patard, Cloches, passim. 

3. Quoted from Michel, Hotels de Ville, 22; see Patard, Cloches, 81; compare 

the city charter given to St. Valery (county of Artois) in 1376 by Jean of Artois: 
“Ttem nous avons donne et accordé Echevinage, Ban-cloque grande et petite, 
pulori, scel, et banlieue . . .” F. Ragueau, Glossaire du Droit Francois. . . (rev. ed. 

by E. de Lauriere and L. Favre; repr. Geneva, 1969), s. v. “Beftroy,” 80. 

4. H. Keller, Die Entstehung der italienischen Kommunalpalaste als Problem der 

Soztalgeschichte (1976), 206 f. 
5. On Herrschafts-, Gerichts- and Pfarrbezirk see Deutsches Rechtsworterbuch 

IV, cols. 951, 952 (s.v. “Glocke” B H-IV) with many references; factory novel 

by Walter Bloem, Das jtingste Gericht (Leipzig, n.d.), 118. 
6. It would seem that punishments became increasingly harsh: Keure von 

Middleburg 1217: “Quicunque campanam sine communi consilio pulsaverit, 
emedabit comiti III lib., oppido libram,” W. S. Unger, Bronnen tot de Ge- 

schiedenis van Middelburg, part 1 (The Hague, 1923), 6; Statutes of Savona 

(1345) I, chap. 178: misuse of the “campana Brandalis” to be punished by am- 
putation of the right arm, unless it could be shown that it was done for the 

good of the city, compare II, chap. 86, L. Balletto, ed., Statuta antiquissima 
Saone (Bordighera, 1971), vol. 1, 212; compare vol. II, 98; in Commines in 1361 

we find the threat of capital punishment if the bell is rung as a call to revolt; 
ORE vol. IV, 209, cited from J. Le Goff, “Labour Time,” 47; on the punish- 

ments see also E. Lippert, Glockenlauten, 47 ff. 
7. Galvano Fiamma, Chronicon extravagans, ed. by A. Ceruti, in Miscellanea 

di Storia Italiana 7 (1869), 453. 
8. Chroniken deutscher Stidte 4 (Augsburg, vol. 1), ed. by K. Hegel (Leipzig, 

1865; repr. 1965), 21. 

9. Such punitive measures against the city tower and bells were common. 
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In addition to the above-mentioned incidents in Cambrai, Lyons, Béthune, 

and Agen, comparable occurrences were reported for Hesdin 1197 (see We 

Goff, “Labor Time,” 48), Fosses 1302, Corbie 1310, Laon 1331, Tournai 1332, 

Peronne 1360, Roye 1373, Montpellier 1379, Ghent 1539; for the sake of brevity 

I have dispensed with giving references to each case. 

10. Numerous examples can be found in visitation reports and in damage 

reports from the Peasants’ War, for example, W. P. Fuchs, Akten zur Geschichte 

des Bauernkriegs in Mitteldeutschland, vol. I (Jena, 1942; repr. 1964), 30, 76, 

512, 524, 526, 598, 708, 929; see also D. Stockmann, “Der Kampf um die 

Glocken im deutschen Bauernkrieg,” in Der arm man 1525. Volkskundliche Stu- 

dien, ed. by H. Strobach (Berlin, 1975), 309-340. 

1. Jean Bodin, Les six livres de la Republique IV.7 (Paris, 1583; repr. 1961), 657. 

12. L. Febvre, The Problem of Unbelief in the Sixteenth Century, transl. by 

Beatrice Gottlieb (Cambridge, Harvard University Press, 1982), 351. 

13. The felicitous expression “place of the norm” (“Ort der Norm”) has 

been taken from C. Meckseper, Kleine Kunstgeschichte der deutschen Stadt im 
Mittelalter (Darmstadt, 1982), 195 ff. 

14. See L. Rohrich, Lexikon der sprichwortlichen Redensarten (Freiburg, 1973), 

s.v. “Glocke.” 

15. H. Keller (note 4); J. Paul, “Italienische Kommunalpalaste des Mittelalt- 

ers in Italien” (dissertation, Freiburg, 1963; Cologne, 1963); P. Racine, “Les 

palais publics dans les communes italiennes (XIIe—XIle siecles),” in Le paysage 

urbain au Moyen-Age (Lyons, 1981), 133-153. 

16. In Metz, for example, the tower of the cathedral was until 1907 the 

property of the city; R. Bour, Histoire de Metz (Metz, 1983), 105; A. Erler, Das 

Srafsburger Minster im Rechtsleben des Mittelalters (Frankfurt, 1954), 34 ff. 

17. The expression “acoustic environment” (“akustische Umwelt”) has been 

taken from D. Stockmann (note 10); the same author deals with the problems 

involved in research in “Die Glocke im Profangebrauch des Spatmittelalters,” 

in Studia instrumentorum musicae popularis III (Festschrift E. Emsheimer), ed. 

by G. Hillestr6m (Stockholm, 1974), 224-232. 

18. T. Esser, “Das Ave-Maria-Lauten,” Historisches Jahrbuch der Gorres- 
Gesellschaft 23 (1907): 27. 

19. See Bilfinger, Horen, 165; and Stockmann, “Profangebrauch,” 225 f. 

20. Esser, “Ave-Maria-Lauten” (note 18); for the development in Italy see 

A. Lattes, “La campana serale nei secoli XIII e XIV secondo gli statuti delle 

citta italiane,” in FE. Novati, I ndagini e Postille Dantesche, serie prima (Bologna, 
1899), 163-176, and F. Novati, “La ‘squilla di lontano” (Dante, Purg. VIII.s) e 
quella dell’Ave Maria?” ibid., 139-150. 

21. See P. Rossiaud in Histoire de la France urbaine, vol. 2, La ville médiévale, 

ed. by J. Le Goff (Paris, 1980), 562. 

22. R. Davidsohn, Geschichte von Florenz, vol. 1 (1896; repr. Osnabriick, 
1969), 731 f. 

23. Bonvesin de la Riva, “De magnalibus urbis Mediolani,” ed. by A. Paredi, 
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Bonvesin de la Riva, Grandezze di Milano, Latin-Italian (Milan, 1967), 43; com- 

pare A. Murray, Reason and Society in the Middle Ages (Oxford, 1978), 183. 

24. Ed. by F. Gianani, Opicino de Camistris LAnonimo Ticinese” (Cod. vaticano 

Palatino latino 1893) (Pavia, 1927), 110 f. 

25. In the vast literature on campanology there are unfortunately few at- 

tempts to document the municipal civic use of bells; helpful in this regard 

is H. Otte’s Glockenkunde, 2nd ed. (Leipzig, 1884); E. Lippert, Glockenliuten, 

compiles the material of the German legal dictionary; Patart, Cloches, has as- 

sembled the sources for the civic use of bells in three Belgian cities. 
26. Based on Patart, Cloches, 75-141. 

27. Based on A. Marchesan, Treviso Medievale I (Treviso, 1923; repr. 1971), 

I1I-120. 

28. After R. Cessi, Deliberazioni del Maggior Consiglio di Venezia U1, III (Ven- 

ice, 1931-1934), passim; G. Monticolo, ed., I capitolari delle Arte Veneziane . . . 

dalle origini al MCCCXXX, Fonti per la Storia Italia, vol. 27, 2, (Rome, 1905), 

664-670; and F. Sansovino, Venetia. Citta nobilissima (Venice, 1663; repr. 

1968), 294 ff. 

29. See, for example, the persistent conflict between the knights of the Teu- 

tonic Order and the Augustinian friars in Miinnerstadt about ringing, services, 

and preaching between 1280 and 1284; A. Zumkeller, ed., Urkunden und 

Regesten zur Geschichte der Augustinerkloster Wiirzburg and Miinnerstadt, Re- 

gesta Herbipolensia V, part 2 (Wiirzburg, 1967), nos. 879, 880, 888. In Pia- 

cenza, for example, it was decreed in 1297 that all city churches and monaster- 

ies, including those of the predicant monks, should give precedence to the 

“ecclesia matrix” in ringing the Hours; the regulation was renewed in 1337, 

apparently because a Carmelite monastery had been set up in the city; Statuta 

varia Civitatis Placentiae, ed. by G. Bonora (Parma, 1860), 532, 541; on the epis- 

copal cities see, for example, C. Trexler, Synodal Law tn Florence and Fresole 1306- 
1518 (Rome, Vatican City, 1971), 31, 209, 237. 

30. Paradiso (chap. 4 note 132), XV, verses 97-99. 

31. A public clock in Florence around 1325 is cautiously suggested by Y. 

Renouard; see Les hommes a’affaires (chap. 1, note 25), 240, and “Affaires et 

Culture” in his Etudes @’histoive médiévale (Paris, 1968), 491. This detail is not 

insignificant for Renouard’s argument about the pioneering role of the mer- 

cantile metropolises 1 in the introduction of the new method of reckoning the 

hours. A. Sapori, in his review of J. Le Goff’s “Temps de PEglise” fied: this 

into a fact and elaborated upon it with some fanciful details: the first clock at 

the Palazzo dei Signori, he says, struck the equal hours since 1325 and indicated 

them on a dial with 12 (!) sections. V. Stamm, Urspriinge der Wirtschafisge- 
sellschaft (Frankfurt, 1982), 109, also believes that this phantom clock justifies 

some critical objections to G. Bilfinger’s work. Bilfinger did encourage the 

misunderstanding when (Horen, 181-183) he interpreted a time indication con- 

cerning an earthquake in the chronicle of Giovanni Villani (1325, May 21: 

“dopo il suono delle tre ore”) as an indication of a night hour, though he did 
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not interpret it as a reference to a clock. Bilfinger used an old edition of the 

chronicle: Giovanni Villani, Florentini Historia Universalis, Muratori 13 (1728), 

col. 571. A newer edition, Cronica di Giovanni Villani, ed. by F. Gherardi Drag- 

omanni, vol. 2 (Florence, 1845; reprint 1969), 324, only has the wording “dopo 

il suono delle tre,” and this could mean the third hour of the night but also a 

three-fold striking of the bell. 

32. Benvenuto da Imola, ed. by J. P. Lacaita, vol. 5 (Florence, 1877), 144 fie 

Tacopo della Lana (Milan, 1865), 403; on the Florentine work bell see chap. 9, 

Work bells (Werkglocken) 
33. R. Davidsohn, Forschungen zur Geschichte von Florenz TV (Berlin, 1908), 

386. 

34. L. Frati, ed., Statuti di Bologna dal?anno 1245 all?anno 1267, vol. 3 (Bo- 

logna, 1877), 230: 1260-1262: “(custodes) sonent campanam (ad sogam) tan- 

tum quod possit iri per unum miliare.” 1267: “(debeant sonare) ad martellum 
dando ... XV. percussiones raras una post aliam et v. percussiones spissas.” 

Compare the regulations concerning work bells in Amiens and York, 160 f. 

35. G. Bonora, ed. (note 29), chap. I, 35, p. 231; statutes drawn up between 

1313 and 1322, confirmed in 1391. 

36. A. Giffard, ed., Ordonnances de J. d’Ableiges pour les metiers d’Evreux (1385- 

1387) (Caen, 1913), 14. 

37. See the ecclesiastical statutes of Liineburg (1564), in Sehling (chap. 5 

note 74), vol. VI, 541. 

38. Sehling, Kirchenordnungen (chap. 5 note 74), vol. I, 177 f.; vol. VI.1, 180. 

39. Hermann, Ernestinische Lande, to6 f. 

40. J. B. Gotz, Die erste Einfiihrung des Kalvinismus in der Oberpfalz 1559-1576 
(Miinster, 1933), 119. 

41. Municipal Archive Nuremberg. 

42. See Borst, Computus, 73; Wendorft, Zeit und Kultur, 145. 

43. Drawing: R. Mielke for the exhibit “Stadt im Wandel,” (Brunswick, 
1985), Cat. no. 939. 

44. L. Devillers and E. Matthieu, Chartres du Chapitre de Sainte-Waudru de 

Mons, vol. 4 (Brussels, 1913), nos. 1895 and 1931. 

45. J. Spring (chap. 4 note 5), 29. 
46. Marperger, Horolographia, 33. 

47. After K. Pfaff, Geschichte der Reichstadt Efslingen (Eflingen, 1840; repr. 

1979), 369. 
48. P. Thome de Maisonneuve, Le Jaquemart de Romans (chap. 5 note 53), 169. 

49. H. Plath, Raderwerke alter Turmuhbren (Hannover, Hist. Museum, 
1973). 10-12. 

CHAPTER 8 
1. Cipolla, Clocks, 41; P. Usher, History, 208 f.; J. Gimpel, Medieval Machine, 

168, with the infelicitous phrase “authoritarian equinoctial hours;” Landes, 
Revolution, 75; J. Le Goff, “Labor Time,” 50; K. Pomian, Ordre du Temps (Paris, 
1984), 262. 
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2. C. de Pisan, Livre des Fais et Bonnes Meurs ..., ed. by S. Solente (Paris, 
1936-1940), vol. 1, 42 f. 

3. Franklin, Vie privee, 61 f. 

4. “Et ce a ordone le roy Charles premier a Paris les cloches qui a chascune 
heure sonnent par poins a maniere @arloges (variant: orloges). Si comme il 

apiert en son palais et au boys et a sint pol. Et a fait venir ouvriers d’estrange 
pays a grans fres pour ce faire afin que religieux et autres gens sachent les 
heures et aient propres manieres et devocion di iour et de nuit (variant: pour 

Dieu servir). Comment que par devant on sonnast une fois a prime et deux 

(variant: trois) fois a tierce si mavoit une ?mie? si certaine cognaissance des 
heures comme on a et puet on dire dicelui Charles le VIe (variant: Ve) roy de 
france que sapiens dominabitur astris. Car luise le soleil ou non lon scet touz 
jours les jours les heures sanz defaillir par ycelles cloches bien attrampes (vari- 
ant: atrempées) . . .” I have quoted BN MS fr. 176, fol. 13 verso, dated 1372, in 

parentheses the variants in BN MS fr. 931, fol. 17 verso (MS of the fourteenth 
century). 

5. Strangely enough the sources rarely provide any information about the 
acoustic indication of hour segments. We can confidently say that the half- 
hour stroke appeared in the fifteenth century; reports about quarter-hour 
strokes in the fourteenth century are usually somewhat dubious. In the four- 
teenth and fifteenth centuries, hour segments were determined mainly with 

sandglasses. 
6. The literature on bells and laws relating to them known to me does not 

give a single comparable case. 
7. G. Bilfinger, Horen, 224-226; references to the volumes of the Chronicles 

are to J. M. B. C. Kervyn de Lettenhove, ed., Oeuvres de Frotssart (Brussels, 

1867-1877; repr. Osnabriick, 1967). 

8. A. Diehl, ed., Urkundenbuch der Stadt Efslingen, vol. 2 (Stuttgart, 1899; 

repr. Osnabriick, 1967), no. 1740, p. 358, comp. no. 1743, Pp. 360. 

9. “Hora nona de mane vel quasi secundum motum horologii ecclesiae Col- 

oniesis,” I. Joester, Urkundenbuch der Abtei Steinfeld (Cologne and Bonn, 

1976), NO. 430, pp. 358 ff. 

10. This very brief sketch is based primarily on the clear discussion by 
P.-J. Schuler, Geschichte des stidwestdeutschen Notariats von seinen Anfingen bis zur 
Reichsnotariatsordnung von 1512 (Biihl and Baden, 1976). 

1. P.-J. Schuller emphasizes the role of ecclesiastical courts in the spread of 
the notaryship, against F. Wieacker, who stresses the growing need for do- 
cuments primarily in the southern German cities that engaged in trade and 
commerce with northern Italy; see Schuler (note 10), 29 and elsewhere; 

FE. Wieacker, Privatrechtsgeschichte der Neuzeit (GOttingen, 1967), 102. 

12. Their value for social history has long been recognized. So far only a few 
collections have been analyzed. Apart from single documents quoted above, 

editions exist above all for the Italian notarial protocols from the early period. 

However, a systematic analysis of these sources for our question is unfortu- 

nately often hampered by modern editorial practices, which drop or modern- 
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ize in the interest of the readers the formal elements which are of sole interest 

to us. The observations that follow are thus based on scattered series of notar- 

ial datings which happen to have been edited. 

13. M. Chiaudano, Contratti commerciali Genovesi del secolo XII (Turin, 1925), 

23 ff; M. Moresco and G. P. Bognetti, Per Vedizione det notai ligurt del sec. XII 

(Turin, 1938), 50; M. Ferrando Bongionni and G. Cattaneo Cardona, “Con- 

tributo allo studi degli usi notarili medioevali: I Cartolari di Nicolo de Porta,” 

in Studi di Storia Medioevale e di Diplomatica 5 (Milan, 1980), 163, 189; M. 

Balard, Génes et POutre-Mer, vol. 1: Les actes de Caffa du notaire Lamberto di 

Sambuceto 1289-1290, pp. 17, 30 f., and vol. 2: Actes de Vilia du notarie Anto- 

nio di Ponzo 1360, p. 15 f. (Paris and The Hague, 1973, 1980); R. Mosti, ed., I 

Protocolli di Johannes Pauli, un notaio del °300 (1348-1379) (Rome, 1982); S. A. Ep- 

stein, “Business Cycles and the Sense of Time in Medieval Genoa,” Business 

History Review 62 (1988): 238-260. 

14. For example, “hora qua domini auditores sacri palatit causarum sur- 

rexerant de audiendis relationibus publicis” and the like, often referred to in 

short as “hora causarum”; these examples are from Avignon in 1340; see R. 

Salomon and J. Reetz, Rat und Domkapitel von Hamburg um die Mitte des 14. 
Jahrhunderts, vol. 2 (Hamburg, 1975), 121 ff.; there are many more similar time 

indications in this volume. 

1s. “Ob res scribendas bene noscit festa calendas / Mensis habet nonas, ydus 

per tempus et horas / Mensis et hora dies locus annis ac homo princeps.” 

Orfinus Laudensis, “Poema de Regimine et Sapientia Potestatis,” ed. by A. 

Ceruti, Miscellanea di Storia Italiana 7 (1896): 86. 

16. See, for example, C. R. Cheney, Notaries Public in England in the 13th and 

14th centuries (Oxford, 1972), 117, 137 f. 

17. FE. von Voltelini, Die Stidtiroler Notariatsimbreviaturen des 13. Jahrhunderts, 

part 1 (Innsbruck), p. XXX. 

18. G. Orlandelli, ed., I/ Salatiele Ars Notarie, 2 vols. (Milan, 1961); Wilhelm 

Durantis, Speculum tudiciale illustratum et repurgatum a Giovanni Andrea et 
Baldo degh Ubaldi (Basel, 1574; repr. 1975), 633. 

19. Quoted from Schuler (note 10), 266. 

20. On the requirements see Notariatbuch / Wes einem Notarien oder 

Schreiber / aller seiner Practic /.. . / zu wissen / zu beraten .. . sei (Frankfurt, Chr. 

Egenolf, 1543), fol. 2 verso; compare, on the other hand, Artis notariatus, hoc 

est de officio exercitioque tabellionum (Frankfurt, Chr. Egenolf, 1539), part 2, fol. 

3 verso (“An autem hora sit de substantia”). 

21. One example from the acts of the parliament in Paris from the fifteenth 

century in F. Autrand, Les Dates, 164. 

22. F. Tadra, ed., Soudni akta konsistore Prazke (1307-1408), vols. 1-6 (Prague, 

1893-1900); vol. 2, 228; vol. V, between pp. 99 and 407. 

23. K. Fischer, “Die Uhrmacher in BOhmen und Mahren zur Zeit der Gotik . 
und der Renaissance,” Bohemia —Jahrbuch des Collegium Carolinum 7 (1966): 
33 ff 

24. R. Doehard and C. Kessemans, Les Relations commerciales entre Genes, la 
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Belgique et VOutremont dapres les archives notariales génoises 1400-1440 (1952); A. 
Roccatagliata, Notai Genovesi in Oltremare. Atti rogati a Pera e Mitelene, vol. 1 
(Genoa, 1982), no. 37, a sandglass? “hora secunda intrantis noctis, quod est 

quartum horalogium noctis ineuntis”; modern hour indications also in nos. 

38, 44, 93, and elsewhere. 

25. F. Luschek, Notariatsurkunde und Notariat in Schlesien von den Anfiingen 
(1482) bis zum Ende des 16. Jahrhunderts (Weimar, 1940). 

26. C. Cenc, Documentazione di vita assisiana 1300-1500, 3 vols. (Grotoferrata, 

1974-1976), 1125. 
27a ee Gotte Churchrsmbimese1 

28. V. Branca, ed., Mercanti Scrittori. Ricordi nella Firenze tra Medioevo e Ri- 

nascimento (Milan, 1986), XVI. 

29. Ulman Stromer, Piichel von meim geslechet und von abentewr, ed. K. Hegel, 

Chroniken der deutschen Stadte 1, Nuremberg I (Leipzig, 1862; repr. 1961), 

67-70. 

30. In: V. Branca (note 28), 153, Is9, 278 and more; Branca’s comment that 

Morelli, in the passage quoted last, was one of the first authors to use the “ora 

laica,” though still in conjunction with the “ora canonica,” is not accurate; 

such passages are exceedingly numerous. 
31. C. Bec, ed., I] Libro degli affari proprit di casa de Lapo di Giovanni Niccolini 

de? Sirigatti (Paris, 1969), 60-140. 

32. Leon Battista Alberti, I/ Libri della Famiglia, in Opere Volgari, vol. 1, ed. 

by C. Grayson, Scrittori d'Italia no. 218 (Bari, 1960), 119; English transl. by 
Renée Neu Watkins, The Family in Renaissance Florence (Columbia, South Car- 

olina, 1969), 123. 

33. Compare I. Origo, “Im Namen Gottes und des Geschiafts.” Lebenshild eines 

toskanischen Kaufmanns der Frihrenaissance, 2nd ed. (Munich, 1986), 106, 127 

and fig. 8; the last quote is missing in the German edition and is from the 

Italian translation of I. Origo’s book (Milan, 1958), quoted from G. Brusa, 

Orologeria, 30. 

34. In V. Branca (note 28), 372, 346, 347. 

35. Tagebuch des Lucas Rem aus den Jahren 1494-1541, ed. by B. Greiff (Augs- 

burg, 1861), 64-70; on several occasions the author also notes precisely how 

many hours he spent in the medicinal baths. 

36. F.C. Lane, “Ritmo e rapdita di giro d’affari nel commercio veneziano 

del Quattrocento,” in Studi in onore di Gino Luzzato, vol. 1 (Milan, 1949), 254— 

273; U. Tucci, “Alle origini dello spirito capitalistico a Venezia,” in Studi m 

onore di Amintore Fanfam, vol. 3 (Milan, 1962), 547-557. 

37. Of terminological interest is, for example, the expression “conto di 
tempi” (attested since 1459) for forward merchandise dealings that usually 
ran for one year; see F. Edler, Glossary of Medieval Terms of Business, Italian 

Series 1200-1600 (Cambridge, Mass., 1934; repr. New York, 1970), 88 and 

377 he 
38. G. Bilfinger, Horen, 160-162. 

39. J. Marténe, in Migne PL 66, cols. 411 ff. 
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40. Statua Capitulorum Generalium Ord. Cist., ed. by J. Canivez, vol. IV 

(Lowen, 1936), 337. 

41. Archives communales Beaucaire, GG 45; compare A. Eyssette, Histoire 

administrative de Beaucaire, vol. 2 (1889), 216 f.; M. Fournier, Les Status et privt- 

leges des Universités Franeaises, vol. 2 (Paris, 1891), 305 ff. Magistretti, ed., Berol- 

dus sive Ecclesiae Ambrosianae ... Kalendarium et Ordines (Milan, 1888), 1563 E. 

Zinner, “Die alten Domuhren in Bamberg,” 32. Bericht der Naturforsch. Gesell- 

schaft (Bamberg, 1959): 13 ff; paraphrase of the Colmar statues in F. Goeh- 

linger, Histoire du Chapitre. .. (Colmar, 1951), 72-84; York: for example, acl 

septem de orologio,” “circa octo de le cloke,” L. MacLachlan and J. B. L. Tol- 

hurst, The Ordinal and Customary of the Abbey of St. Mary York (London, 1936), 

49, 158. 
42. See, for example, Vicenza (chap. 5 note 19). 

43. See Introduction, The mechanical clock and the transformation of 

time-consciousness. 
44. “Biau filz, quelle heure est-il maintenant? / Vel sic: Quest ce qu’a 

sonnee de Poriloge? — Vel sic: Quant bien a il sonne de Poriloge? . . . / Mon 

sr., si Die m/ait, je vous sai dire, mais je panse bien qu'il a sonnee dis, car il y a 

bien un heure passée depuis qu'il sonna neuf.” “La maniere de Langage qui 
enseigne a parler et a écrir le francais (1396),” ed. by P. Meyer, Revue Critique 

W Histoire et de Littérature 5 (1870): 395. 

45. J. Grimm and W. Grimm, Deutsches Worterbuch, vol. 15 (Leipzig, 1956), 

col. 568 f. 

46. Unfortunately the voluminous surviving statutes in Cologne can be 

supplemented only by a relatively meager documentation on the history of the 
clock in this city. A public clock probably existed in Cologne prior to 1372. The 
Frankfurt city accounts attest that a clockmaker went to take a look at a “werg 

der orglocken” in Cologne; Zinner, Raderuhren, 108 f.; ibid. also the hitherto 

ignored references to public clocks in St. Martin, St. Loren, S. Maria im Capi- 

tol, and St. Jakob. This reference and the following references are taken from 
two editions which, for reasons of space, are listed in summory form: W. Stein, 

Akten zur Geschichte der Verfassung und Verwaltung der Stadt Koln im 14. u. 1s. 

Jahrhundert, 2 vols. (Bonn, 1893); therein: Tagelhnerordnung [statute on day 

laborers] (1374) II, 41, Sch6ffenschrein- und Sch6ftengerichtsordnung [statute 

on the register and the court of the city assessors] (1335-1395) I, sss f., 573; 

Salmenhandel [salmon trade] (1385) II, 69 f.; Polizeistundenregelung [regula- 

tions of curfew hours] (1398-) I, 206 f., 233, 249, 257, 388 ff., 681; II, o1 f., 

98-102, 147 f., 282, 295. All other references, in particular the regulation of 

work time in the Amtsbriefe (1397), can be found in H. von Loesch, Die Kélner 

Zunfturkunden nebst anderen Kolner Gewerbeurkunden bis zum Jahre 1500, 2 vols. 

(Bonn, 1907). 

47. On the use of “ure” to mean “hour” see Stein (note 46) I, 610 and 
Loesch (note 46) I, 17, I, 215. 

48. Stein (note 46) I, 556; still the case in 1435 in a statute on the court of 

assessors: “dat soll syne, ee de sunne an den yseren payll komen sij,” Stein I, 
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766. I have not found similar regulations in municipal statutes from the four- 
teenth and fifteenth centuries. 

49. In Nuremberg, for example, the master artisans had themselves ex- 
empted in 1502 from attending the sessions of the council because they felt 
that the sessions reduced their earning potential; see A. Jegel, Alt-Niirnberger 
Handwerksrecht und seine Beziehung zu anderen (Neustadt, 1965), 3. 

so. According to L. Gilliodts van Severen, ed., Coutumes des pays e comteé de 
Flandre (Coutumes de la Prévoté de Bruges), vol. 1 (Brussels, 1887), 32. 

51. ORE vol. I, 728. 

52. G. S. Pene-Vidari, ed., Statuti (chap. 5 note sr), 15 ff. 

53. G. Bonora, ed., Statuta (chap. 7 note 35), 229; compare the time regula- 

tion for the election of the podesta, 217. 
54. H. Zedler-Werdmiiller, ed., Stadthticher I (Leipzig, 1901), nos. 88 and 

139; the editor mentions the ringing of the council bell in the nineteenth cen- 
tury at eight o’clock and assigns the medieval eating time to eleven o’clock, 
which is probably correct. 

55. “Fragment dun Repertoire de Jurisprudence Parisienne au XVe Siecle,” 

Mem. Soc. Hist. de Paris et de Ile-de-France 17 (1891): 63. 

56. J. Francois and N. Tabouillot, Prewves de Histoire de Metz, vol. VI (Metz, 
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buch 7, ed. by S. Ruezler (Tubingen, 1891), 125 A. Voigt, ed., “Thorner Denkw- 

iirdigkeiten,” Mitteilungen des Copernicus-Vereins 13 (1904), 122, 124; Riga 1502: 
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79. “The Abbey of the Holy Ghost,” in G. G. Perry, Religious Pieces in Prose 

and Verse (Early English Text Society 0.s. 26), expanded edition 1913 (repr. 
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isches Leben nach illuminierten hebraischen Handschriften (Wiirzburg, 1983), plate 
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Aus dem Leben der deutschen Juden im Mittelalter (Berlin, 1900), 8 f. 
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112. J. Dolch (note 95), 189. 
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1, new ed. (Oxford, 1936; repr. 1969), 216 f. 
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in H. Denifle, Chart. Univ. Parisiensis, vol. III (Paris, 1894; repr. 1964), 425- 

439, 468-477, here 425 f. 
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126. Ecclesiastical constitution Augsburg 1537; extract in Sehling (chap. s, 
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127. J. Calvin, Institutio Christianae Religions, German edition ed. by O. We- 
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128. Compare, for example, F. X. Himmelstein, Synodicon Herbipolense 

(Wiirzburg, 1855) (Eccl. Const. for the episcopacy of Wiirzbrug 1589, 1693); H. 
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(Regensburg, 1970), 124 ff., 231 ff. 

129. Luther, Tischreden (chap. 1 note 14), II, no. 2643; V, nos. 5200, 64.00; 

III, no. 3419; “Von der Ordnung des Gottesdienstes und der Gemeinde zu 

Wittenberg” (1523); “Predigt zum 3. Adventssonntag” (Dec. 11, 1530) (chap. 1 

note 14), vol. 32, 247. 

130. In Sehling (chap. 5 note 74), IV, 74. 

fei, Worl... IOVS Aa. 

132. Ibid., XIII, 510; consideration for the councilors is mentioned in the 

Ecclesiastical Constitution of Zwickau 1533, ibid., I, 723. 

133. In B. von Mehr, Das Predigtwesen in der Kolnischen und Rhetnischen 

Kapuzinerprovinz im 17. und 18. Jahrhundert (Rome, 1945), 104. 
134. From K. Pallas (chap. 5 note 71), introduction. 

135. In Corpus Const. March (note 91), 1.1, no. 96, cols. 513, 514. 

136. Ibid., no. 96, cols. 527, 528. 

137. B. von Mehr (note 133), 105. 

138. See, for example, W. Diehl, Zur Geschichte des Gottesdienstes und des got- 

tesdienstlichen Lebens in Hessen (Giefen, 1899), 126, 132, 177, 197. 

139. Johannes Jacob Schudt, Jiidische Merkwiirdigheiten (Leipzig, 1714), lib. 

4, § 40. 
140. Compare the report about the wild invective of a preacher brought to 

Regensburg from Nabburg in 1543. It closes with the words: “In this tone he 

preached for three hours, from to to 1 o’clock. And the following Sunday he 



414 

NOME S) TOLAG ESP 2166-21619 

said that this invective was prompted by an inspiration from the Holy Spirit.” 

In J. B. Gotz, Die religiose Bewegung in der Oberpfalz von 1520-1560 (Freiburg, 

1914), 84. 

141. Instructions for the local visitations 1577-1586, in Pallas (chap. 5 note 

71), I, 144 £; compare Sehling (chap. 5 note 74), I, 393; on the control of 

preaching times by the authorities see G. Heinrich, “Amtstragerschaft und 
Geistlichkeit,” in G. Franz, ed., by Beamtentum und Pfarrerstand (Limburg, 

1972). 213% 

142. Doubts about the admissibility of preaching limitations appear already 

in Luther: “Predigt zum 3. Adventssonntag 1530”: “Ante ro annos cogitabam, 

si mihi praedicandum: est umb 1 stund zu thun. Sed iam cogitandum: hoc 

officium quod hic fure, non est meum, sed in meo nomine, tum bin ich des 

teuffels”; in Luther (chap. 1 note 14), vol. 32, 247. 

143. M. Schian, Orthodoxie und Pietismus im Kampf um die Predigt (Giessen, 

1912), 8. 

144. In P. von Ludewig, Gelehrte Anzeigen 102, vols. 1-3 (Halle, 1743-1749), 

310-315 (explanations of the preaching limitations in Brandenburg-Prussia 

1714-1717); in the eighteenth century the historical circumstances of the 
preaching limitations were not always understood. Mooser, for example, jokes 
about the court-preacher who “may not exceed his hour-glass,” and considers 
this an indication of pedantic regimentation, in Deutsches Hof-Recht, vol. 2 

(1776), 3703 on external appearance: H. Groétzsch, “Kanzelsanduhren aus der 

Sammlung des staatlichen Mathematisch-Physikalischen Salon,” in SEAU 5 
(1965): 16-20. 

145. Compare on this Schian (note 143), 6 ff. 

146. “Quanta autem clepsydrae mensura fuit, mihi non constat.” G. Bu- 

daeus, Annotationes in Pandectas, vol. II (Basel, 1557), 373. 

147. Bernard Ferrarius, De ritu sacrarum Ecclesiae veteris Concionum (Utrecht, 

1692), lib. I, c. 34, 156-160. 

148. R. Cruel, Geschichte der Predigt im Mittelalter (Detmold, 1879), 635 ff. 

(excessively long sermons in the fourteenth century); compare also the ac- 

count of Johannes von Capistran in Magdeburg (1453) in the Magdeburger 

Schoppenchronik, ed. by C. Hegel, Chroniken der deutschen Stadte 7, Magde- 

burg 1 (Leipzig, 1869), 391 f. 

149. [.-M. Charland, Artes Praedicandi: Contribution a Vhistoire de la rhetor- 

ique au moyen age (Paris and Ottawa, 1936), 223, 238 f. 

150. Johannes Ulrich Surgant, Manuale Curatorum (Basel, 1506), lib. 1, 
cons. 23. 

1st. “Decreta Synodalis Provincialis Camaracensis (1586),” in K. von Har- 

douin, Conciliorum collectio regia maxima, vol. 9 (Paris, 1714), col. 2156. 

152. For example, in the Ecclesiastical Constitution of Wiirzburg 1589, in 

Himmelstein (note 128). 

153. C. Ripa, Iconologia: Overo Descrittione di diverse Imagini cavate dall’an- 
tichita, 6 di propria inventione (Rome, 1603; rept. 1970), 127, S.v. “Eloquenza”: 
“II libro, e Porologio [da polvere] . . . ¢ indicio che le parole sono listromento 
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del?eloquente: le quali pero devono essere adoperate in ordine e misura del 
tempo, essendo dal tempo solo misurata Poratione,” quoted from L. Cheles, 

The Studiolo of Urbino: An Iconographic Investigation (Wiesbaden, 1986), 60. 

154. Francesco Petrarca, Prose, ed. by G. Martellotti (Milan, 1955), 568; com- 

pare Quinones, Discovery, 106 ft.; W. Liebenwein, Studiolo. Die Entstehung eines 

Raumtyps und seine Entwicklung bis um 1600 (Berlin, 1977). 

15s. Sundial: Ser Lap Mazzei, Lettere di un notaro a un mercante del secolo XIV 

con altre Be e documenti, ed. by C. Guasti, 2 vols. (Florence, 1880), I, 169, 

CXXVI: ‘ e€ vol attendiamo a Firenze per mostrarvi la nuova casa ove sono 

tornato, e 1s mia biblioteca o studiolo, ove questo scrivo a una spera 0 razzo 

di sole che mi conforta.” 

156. The picture “Jerome in his Study” (around 1440) that was begun by 

Jan van Eyck and finished by Petrus Christus seems to have become prototypi- 

cal; it used to be in the Medici palace in Florence; see Liebenwein (note 154), 

134. Examples after the middle of the Giteenth century can probably be 
counted in the hundreds. 

157. FE. Petrarca (note 154-), 310 f. 

158. See, in contrast, M. Schneider, “Zeit und Sinnlichkeit. Zur Soziogenese 

der Vanitas-Motivik und des Ilusionismus,” Kritische Berichte 4/5 (1980): 8-34. 

159. Ignatius of Loyola, Das geistliche Tagebuch (1544), ed. by A. Haas and P. 

Knauer (Freiburg, 1961), 147, 157, 180, 184, 200; idem, Exercitia Spiritualia, 

transl. by F. Weinhandl (Munich, 1978), passim; on the rendering of accounts 

see esp. 76 ff. 

160. A good account for Hamburg in Nahrstedt, Freizert, 87 ff., 156 f.5 also: 

“Niirnberger Ordnung 1700,” Municipal Archive Nuremberg, Mandate N, 

21; “Frankfurter Torsperrordnungen (“gate-closing regulations”) 1724, 1788, 

1832”; “Aufhebung des Sperrgeldes” (“abolition of the closing fee”) 1836, Mu- 

nicipal Archive Frankfurt, Ratsverlasse; “Torsperr-Ordnung Hannover 176s,” 

in Hannoveranische Geschichtsblitter 10 (1907), 97-100; “Hildesheimer Torsper- 

rordnung 1792,” Municipal Archive Hildesheim 257. 

161. T. G. Glick (chap. 2 note 26); idem, Irrigation and Society in Medieval 
Valencia (Cambridge, Mass., 1970), 188-222. 

162. See, for example, H. Boos, Geschichte der rheinischen Stadtekultur unter 

bes. Berticks. der Stadt Worms, part 3 (Berlin, 1899), 168. 

163. I shall refer only to the oldest begging statutes with such time regula- 

tions: Nuremberg 1478, in J. Bader, Nirnberger Polizeigesetzgebung aus dem 13. 
bis 15. Jahrhundert (Stuttgart, 1861), 316 ff; a brief introduction to the problem 

of permitted begging by T. Fischer, “Armut, Bettler, Almosen. Die Anfange 

stadtischer Sozialfiirsorge im ausgehenden Mittelalter,” in C. Meckseper, Stadt 

im Wandel, vol. 4 (exhibition catalogue) (Stuttgart, 1985), 271-286. 

164. For example, the bride shall be in church “wan de klocke negen sleyt” 

(1717), H. Sievers, Kieler Burspraken (Kiel, 1953), 179 ff.; compare Hamburgische 

Burspraken, part 2 (Hamburg, 1960), 43 ff.; more detailed discussion by W. 

Starke, “Zu den Motiven, Kontrollinhalten und Kriterien sozialer Kassifi- 

zierung in den Hochzeitordnungen des Spatmittelalters und der friihen Neu- 
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zeit” (MS, Bielefeld, 1983); to the source lists there can be added: Hochzeits- 

ordnung Dresden 1595 (“wedding statute”), in Richter II (note 85), 137 f.; 

Wiirzburg 1617, in E. Specker, “Die Reformtatigkeit der Wiirzburger Fiirst- 

bischofe,” Waiirzburger Didzesangesclichtsblatter 27 (1965): 29-125, 96 fe 

Eflingen 1604, 1659, in K. Pfaff (note 8); Ravensbergische Landespolizeiord- 

nung, Jahrbuch des Vereins fiir die historiche Verfassung der Grafschaft Ravensburg 

13 (1899). 

165. Ecclesiastical Constitution Danzig 1590-1595, in Sehling (chap. 5 note 

74.), IV, 192 ff; Stendaler Hochzeitsordnung 1622 (“wedding statute”), in L. 

Goetze, Urkundliche Geschichte der Stadt Stendal (Stendal, 1873), 421 ff. 

166. E. Schmidt, Inquisitionsprozef und Rezeption (Leipzig, 1940), 60 ff; P. 

Fiorelli, La tortura guidiziaria nel divitto commune (Varese, 1953-1954); J. Gilis- 

sen, “La preuve en Europe du Xive au début du XTXe siecle - Rapport de 

Synthese,” Recueil de la Soc. Jean Bodin XVI1I.2 (1965), 788; J. H. Langbein, Tor- 

ture and the Law of Proof: Europe and England in the Ancien Régime (Chicago, 

1977). 
167. Paulo Grillando, De quaestionibus et torturae (Lyons, 1536), and in 

Tractatus univers iuris, vol. X1.1 (Venice, 1584), 295 verso ff. 

168. Magnum Bullarium Romanum (Rome, 1745; repr. 1965), vol. IV.1, no. 

59, p. 237; Pietro Follerio, Practica Criminalis (Venice, 1557); Hortensi Caval- 

cani, Tractatus de brachio regio (Marburg, 1605), 232; Tranquilo Ambrosini, Pro- 

cessus informativus lib. IV, c. II (Rome, 1647), here quoted according to the 

Venice edition of 1722, 185; J. V. Kirchgefner, Tribunal Nemesis, Juste Judicantis 

oder Richter-Stuhl der recht richtenden Gerechtigkeit (Nuremberg, 1706), part 4, 

chap. 7; C. Wildfogel, Diss. jun. de arbitrio judicis circa torturam (Jena, 1736) 

(regarding the Saxon rescript of July 26, 1705), 34 ff; Constitutio Criminalis 

Theresiana (Vienna, 1769), art. 38, § 12, 13. 

169. F. Merzbacher, Die Hexenprozesse in Franken, 2nd. expanded ed. (Mu- 

nich, 1970), 141 ff. 

170. E. Hubert, La Torture aux Pays-Bas Autrichiens pendant le XVIIle siecle 
(Brussels, 1897), 49; R. C. van Caenegem, “La preuve dans Pancient droit 
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