


Volta

SCIENCE AND CULTURE
IN THE

AGE OF ENLIGHTENMENT

Giuliano Pancaldi

PRINCETON UNIVERSITY PRESS PRINCETON AND OXFORD




Copyright © 2003 by Princeton University Press
Published by Princeton University Press, 41 William Street,
Princeton, New Jersey 08540
In the United Kingdom: Princeton University Press,

3 Market Place, Woodstock, Oxfordshire OX20 1SY
All Rights Reserved

Library of Congress Cataloging-in-Publication Data

Pancaldi, Giuliano.
Volta : science and culture in the age of
Enlightenment / Giuliano Pancaldi.
p. cm.
Includes bibliographical references and index.
ISBN: 0-691-09685-6 (acid-free paper)

1. Volta, Alessandro, 1745-1827. 2. Physicists—Italy—Biography.
3. Electricity—History. I. Title.
0OC515.V8 P36 2003
537".092—dc21
[Bl 2002074874

British Library Cataloging-in-Publication Data available.
This book has been composed in Palatino
Printed on acid-free paper.>
www.pupress.princeton.edu

Printed in the United States of America

1357 9 10 8 6 4 2



Ch < —H
ACKNOWLEDGMENTS

Iam deeply grateful: To John L. Heilbron, for having shown the way
and shared liberally with me on many occasions his invaluable knowl-
edge of Volta and modern science. To Robert Fox, for insightful, gentle
guidance and generous encouragement when an earlier version of this
book was the doctoral dissertation of an already mature student at the
University of Oxford. To Laurence B. Brockliss and Geoffrey N. Cantor,
for having made valuable criticism of the said dissertation. To Roger
Hahn, for having helped convince me that biography adds to our un-
derstanding of science and technology, and for his comments on chap-
ter 5. To Frederic L. Holmes, on several occasions, for having shared
with me his fascination for fine-grained analyses of scientific creativity.
To Tore Frangsmyr, for much valuable advice on Enlightenment histo-
riography. To Roderick W. Home, for having read and commented on
early drafts of chapter 3, offering guidance through the tricky notions
of eighteenth-century electricity.

Special thanks are due to I. Bernard Cohen and Charles Coulston
Gillispie, who read the manuscript for Princeton University Press, of-
fering generous and helpful advice.

Plans for this book began during an inspiring sojourn at the Office
for the History of Science and Technology of the University of Califor-
nia at Berkeley, made possible by a Fulbright Fellowship. The book
started to materialize in the friendly atmosphere of Wolfson College,
Oxford. Subsequent research was sustained by grants accorded by the
Italian Ministry for Education, University and Research, and the Uni-
versity of Bologna. The final touches to the book were given while I
was fellow of the Dibner Institute for the History of Science and Tech-
nology, on the campus of MIT. The Dibner, its Burndy Library, and MIT
provided the best environment and facilities a scholar in the field could
dream of.

The present work has benefited from the generous advice and criti-
cism of many colleagues during seminars and lectures I have given
over the years in Bari, Berkeley, Berlin, Boston, Como, Edinburgh, Ox-
ford, Paris, Pavia, Rome, San Diego, Stockholm, Uppsala, as well as at
Stanford and Yale universities. My gratitude extends to all those who
shared their knowledge with me on those occasions. If I have been un-
able to cope with all their advice, or avoid the mistakes they pointed
out, this is my responsibility.



xiv ACKNOWLEDGMENTS

I owe similar gratitude (and the same disclaimer) to my colleagues
at the University of Bologna, especially Anna Guagnini, Carlo Poni,
Pietro Redondi, and Niccold Guicciardini (now at the University of
Siena), as well as Gabriele Baroncini, Marta Cavazza, Antonio San-
tucci, Raffaella Simili, Walter Tega, Luigi Turco, and a host of doctoral
students with whom I have interacted fruitfully in recent years: Ste-
fano Belli, Paola Bertucci, Marco Bresadola, Luca Ciancio, Lucia De
Frenza, Michelangelo Ferraro, and Raffaella Seligardi.

For having helped polish my English, and reminding me of the
rights of the reader, I am grateful to David Allen, Ruey Brodine,
Charles Hindley, Stephen Jewkes, and Ross McLean.

I am deeply indebted to Joseph Wisnovsky, executive editor of
Princeton University Press, for much valuable advice throughout the
preparation of this book.

The librarians and archivists of the Istituto Lombardo, Accademia di
Scienze e Lettere, Milan; the Archivi di Stato of Como, Milan, Pavia,
and Turin; the Archivio Storico della Societa di Gesti, Rome; the Biblio-
teca del Politecnico, Milan; the University Libraries of Bologna, Pavia,
Uppsala, and Leiden; the Royal Society Archives, London; the Bod-
leian Library and the Museum of the History of Science Library, Ox-
ford; the British Library; the Bibliotheque Nationale; the Staatsarchiv,
Vienna; the Down House Archives, Downe (Kent); the Smithsonian In-
stitution Libraries, Washington; the Bancroft Library, Berkeley; the Yale
University Library; the Burndy Library of the Dibner Institute, Cam-
bridge, Mass.; the Dartmouth College Library, Hanover (New Hamp-
shire); and above all the librarians and staff of the Department of Phi-
losophy and the International Center for the History of Universities
and Science (CIS) at the University of Bologna, deserve my thanks for
the generosity they displayed in meeting my requests. Permission to
quote from material in the possession of libraries and archives is ac-
knowledged in the appropriate place.

This book is dedicated to Paola, Vera, and Luca: I owe it mostly to them
if, in the pages that follow, I was able to recapture some of the plea-
sures enjoyed by enlightened natural philosophers.

An earlier version of chapter 5 appeared as an article, with the title
“Electricity and Life: Volta’s Path to the Battery,” in Historical Studies
in the Physical and Biological Sciences, 21 (1990): 123-160. Chapter 7
is an expanded, more elaborate version of a paper bearing a similar
title in Instruments, Travel, and Science, edited by Marie-Noelle Bour-
guet, Christian Licoppe, and H. Otto Sibum, for Routledge (2002).
Chapter 8 includes materials published in G. Pancaldi, “The Social



ACKNOWLEDGMENTS Xv

Uses of Past Science: Celebrating Volta in Fascist Italy,” in Natural Sci-
ences and Human Thought, ed. R. Zwilling (Berlin: Springer-Verlag,
1995), pp- 218-224. Chapter 9 contains excerpts from a commentary
originally published in Solomon’s House Revisited: The Organization and
Institutionalization of Science, ed. Tore Frangsmyr, Nobel Symposium 75
(Science History Publications and the Nobel Foundation, 1990), pp. 65—
71. I am grateful to the University of California Press, Routledge,
Springer-Verlag, Science History Publications, and the Nobel Founda-
tion for permission to reprint.



Volta



N
[ < |
ABBREVIATIOTNS

For the titles of current history of science journals, we use the abbrevi-
ations of the Isis Current Bibliography, published by the University of
Chicago Press for the History of Science Society.

ASC  Archivio di Stato, Como.

ASM Archivio di Stato, Milan.

ASSI  Archivio Storico della Societa di Gesti, Rome.

BCC Biblioteca Comunale, Como.

BL British Library, London.

DBI  Dizionario Biografico degli Italiani (Rome: Istituto della
Enciclopedia Italiana, 1960-).

DNB Dictionary of National Biography, 28 vols. (London: Oxford
University Press, 1949-50).

DSB  Dictionary of Scientific Biography, 18 vols. (New York:
Scribners, 1970-90).

PT Philosophical Transactions of the Royal Society of London.

RSA  Royal Society Archives, London.

SAV  Staatsarchiv, Vienna.

VE  Volta, Alessandro, Epistolario, ed. F. Massardi, 5 vols.
(Bologna: Zanichelli, 1949-55). When specified VE in-
cludes: Volta, Alessandro, Indici delle opere e dell’epistolario
di Alessandro Volta, ed. A. Ferretti Torricelli, 2 vols. (Milan:
Rusconi, 1974-76); Volta, Alessandro, Aggiunte alle opere e
all’epistolario di Alessandro Volta, ed F. Massardi and
A. Ferretti Torricelli (Bologna: Zanichelli, 1966).

VMS Volta Papers at the Istituto Lombardo, Accademia
di Scienze e Lettere, Milan
VO Volta, Alessandro, Le opere, 7 vols. [(Milan: Hoepli, 1918;
reprint: The Sources of Science, no. 70 (New York and
London: Johnson, 1968)].
VE and VO are now also available on CD-ROM: Istituto Lombardo Ac-
cademia di Scienze e Lettere, Alessandro Volta, Edizione Nazionale delle
Opere e dell’Epistolario in 15 volumi (1918-1976), ed. Fabio Bevilacqua,
Gianni Bonera, and Lidia Falomo, Dipartimento di Fisica “A. Volta,”
Universita di Pavia (Milan: Hoepli, 2002).



TS
b

C ONTENTS

Hlustrations  xi
Acknowledgments  xiii

Abbreviations xvii
Introduction 1

Chapter 1

THE MAKING OF A NATURAL PHILOSOPHER
From Amateur, to Expert, to Public Servant 7

The Town 9
The Family 12
Lifestyle 14
Education 15
“A More Enlightened Age” 19
Literary Interests 21
Views on Religion and Secularization 22
From Amateur, to Expert, to Public Servant 27
Emotional Life 33
Investigative Style 39
Conclusion 41

Chapter 2

ENLIGHTENMENT SCIENCE SOUTH OF THE ALPS
The Italian Scientific Community in the Age of Volta 44

The Soil and the Institutions 48
The Scholars: Provenance and Fields of Interest 52
Prosopography 56
The Circulation of Enlightenment Literature 62
Views from the Outside 65
Conclusion 70

Chapter 3

THE ELECTROPHORUS
Theory, Instrument Design, and the Social Uses of
Scientific Apparatus 73



viii CONTENTS

Fire, Magnetism, Electricity 76
“Vindicating Electricity” 83
Attraction and the Atmospheres 86
Disenchanted Theorist 90
Scientific Instruments and Their Social Uses 91
The Path to the Electrophorus 95
Instrument Design 100
Publicizing Discovery 104
Conclusion 108

Chapter 4

VOLTA’S SCIENCE OF ELECTRICITY
Conception, Laboratory Work, and Public Recognition 110

Reluctant Theorist 110
Midrange Conceptualization and a New Machine: Capacity,
Tension, “Actuation,” and the Condensatore 112
Natural Philosopher or Inventor of Amusements Electriques? 121
Explanatory Models and Presentation Strategies:
True Causes vs. Instrumentalism 125
Volta’s Laboratory: Measuring Electricity 129
Volta on Coulomb 137
Conclusion 141

Chapter 5

THE COSMOPOLITAN NETWORK
Volta and Communication among Experts
in Late Enlightenment Europe 146

Overcoming Isolation 149
Exploring the Republic of Letters: The Neighborhoods 153
Facing the Peers: Paris in 1782 156
Anglophilia 160
Continental Europe and the German-Speaking Countries 164
After 1789 168
Conclusion 172

Chapter 6

THE BATTERY
Invention, Instrumentalism, and Competitive Imitation 178

Galvanism, Electrometer in Hand 179
The Hunt for Weak Electricity 186



CONTENTS ix

The Electricity of Animals 190
Nicholson’s Contribution to Volta's Discovery 196
Building the Battery 202
Conclusion; Invention, Instrumentalism, and
Competitive Imitation 207

Chapter 7

APPROPRIATING INVENTION
The Reception of the Voltaic Battery in Europe 211

Spreading the News 212
Replicating the Instrument 221
Appropriating the Battery 224
A Name for All Purposes 246
From Philosophic Instrument to Patented Device 248
Conclusion 250

Chapter 8

THE SCIENTIST AS HERO
Volta and the Uses of Past Science in the Industrial Era 257

Admitted to “Galileo’s Tribune” 258
Secular Saint in the Positivist Calendar 259
“The Triumph of Science” 261
In the Nobel Laureates” Era 263
Conclusion 270

Chapter 9

CONCLUSION: SCIENCE, TECHNOLOGY, AND CONTINGENCY
Enlightenment Legacies 273

Invention 273
“Useful Knowledge” and Unintended Consequences 275
“The Quantifying Spirit” 278
Investment 279
Value Assessments 280
Contingency 283
Enlightenment Legacies 286

Notes 291
Bibliography 337
Index 367



-
L0 4
v

1.1
1.2
21
2.2

2.3
24
25
2.6
27
3.1
3.2
3.3
34
3.5
3.6
3.7
3.8
3.9
4.1
42
43
4.4
4.5
4.6
4.7

4.8
4.9

LIST O F I LLUSTURATTIONS

Como, ca. 1730

Alessandro Volta

Volta's correspondents, 1761-96

States where the scholars in our group spent
most of their lives

Fields of interest

Fields

Social background

Education

Posistions

Volta’s electrophorus

A Franklin square

Volta’s laboratory table on triboelectricity

Triboelectric series

Nollet-type globe generator

Beccaria’s diagram of glass and metal plates

Beccaria’s diagram of “vindicating electricity”

Aepinus’s sulfur and cup apparatus

Volta's repertoire of experiments for the electrophorus

Volta’s condensatore

Volta’s conductor

Measuring setup

Apparatus for research on “actuation”

Measuring setup and calculations

Calculations of “actuation” phenomena

Record of measurements of the “actuation” of two
metal discs

Measurements and calculations

Volta’s electrostatic balance, reconstruction

4.10 Volta’s two straw electrometers made comparable

4.11
6.1
6.2

6.3
6.4
6.5

Volta’s portrait after 1805

Nicholson’s doubler

Volta’s representation of experiments with Nicholson’s
doubler

Bennet’s doubler »

Cavallo’s multiplier and frogs

The torpedo fish, according to Réaumur and Hunter

10
34
45
54

55
56
57
58
60
74
78
81
82
83
84
85
97
101
113
118
130
131
132
134
135

136
139
141
143
181
186

187
189
193



xii

6.6
6.7
6.8

6.9
6.10
6.11
6.12
6.13
7.1
72
8.1

8.2

LIST OF ILLUSTRATIONS

Volta’s laboratory notes, 1799?

Volta’s sketch of his condensatore-electrometer, 1799

Volta’s representation of experiments with metals, frogs,
and people

Volta’s crown of cups and column batteries, spring 1800

Galvani’s experiment with frog legs, arcs, and cups

Volta’s sketch of a battery that combines the column
and the cup

Volta’s pocket battery, 1801

Inventing the battery

The main information flows announcing the voltaic
battery, from 20 March to autumn 1800

Voltaic batteries for the traveling natural philosopher,
1801

Volta presenting the battery to Bonaparte, fresco in
“Galileo’s Tribune,” Florence, 1840s

The Triumph of Science, Genoa, 1876-80s

197
198
202

203
204
205
206
208
213
214
260

262



A
B— < - |
INTRODUCTTION

L]

How did it happen that an age which proclaimed itself “enlight-
ened,” but had developed no electrical industry, ended up with an in-
vention that would make of electric lighting an everyday marvel? The
age in question historians call the Enlightenment,! and the invention
was the electric or voltaic battery, the earliest examples of which were
built toward the end of 1799. The present book revolves around wide-
ranging questions like the one just raised, and it seeks the answers in
a detailed study of the cultures of science and technology in late-eigh-
teenth- and early-nineteenth-century Europe.

Many of the threads linking the Enlightenment tradition to the sci-
ence of electricity are already well known. “The Enlightenment liked
to play with electricity,” it has been noted by a leading historian in the
field,? and a figure like Benjamin Franklin was represented already by
his contemporaries as embodying an alliance between the science of
electricity and “enlightened” political endeavors.® The present book fo-
cuses on the specific threads linking the battery to Enlightenment cul-
ture on one hand, and to later industrial societies on the other. The
book argues that a key factor in the process that led to the battery was
the cultural, technological, and social ferment that, around 1800, in-
spired a mixed population of natural philosophers, physicists, physi-
cians, instrument makers, and amateurs interested in electricity, be-
longing to different cultural traditions and scattered over several
European countries. The book further argues that the role of the inven-
tor in that process was, to an important extent, one of interpreting and
mediating between the different agendas pursued within that mixed
population.

By emphasizing the diversity of the cultures involved in the process
that led to the battery—and the unintended consequences attached to
diversity—the book outlines a picture of late Enlightenment science
and technology that goes beyond the interpretive framework provided
by the traditional conflicting views held by the supporters or critics of
the Enlightenment and their present-day descendants.* The book ar-
gues that the diversity of the cultures and goals involved in the pursuit
of science and technology around 1800 was just as important as the
discipline propounded by some of the followers of the Enlightenment
as a key factor in the scientific enterprise. The book also argues that
the unintended consequences of diversity (and thus the difficulty of
orienting and predicting scientific and technological change) character-
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ized the earlier, no less than the later, stages of the age of electricity.
As in other fields of comparatively free human endeavor, too in scien-
tific and technological pursuits both diversity and unintended conse-
quences seem to be at work, in spite of the efforts of the advocates of
a normative view of science, rationality, and social order, or the under-
standable denunciations leveled by those critics of the Enlightenment
tradition who fear the power of elites won over to the notion of useful
knowledge.

The book’s narrative follows three main lines. The first is biographi-
cal: it is the story of Alessandro Volta, a leading figure in the history
of the science of electricity during the late Enlightenment, and the in-
ventor of the battery. His personal, scientific, and social endeavors are
dealt with, offering a glimpse of what it meant to be a “natural philoso-
pher” (the old phrase for scientist) and an inventor of electrical instru-
ments (mostly useless, by our early-twenty-first-century standards) in
late-eighteenth-century Europe.

Insofar as it is a biography, this is a biography in context. Volta’s
work and instruments are appraised both as products of specialist en-
deavor and in connection with the reforms of the educational system
and the public administration then under way in several European
countries. Volta, whom historiography has singled out as a key figure
in the transition of the science of electricity from amateur to profes-
sional enterprise, was also a well-known figure in the Republic of Let-
ters, to which enlightened “philosophers” felt they belonged. We thus
explore Volta’s network of acquaintances and his frequent travels, dur-
ing which he felt as much at home in London, Paris, Geneva, Berlin,
Gottingen, or Vienna, where he would perform his electrical experi-
ments, as in Milan, Pavia, or Como, in Lombardy (then part of the Aus-
trian empire), where he was born.

The second line the book follows is an inquiry into some long-term
features of the culture of science and technology as they developed in
the early age of electricity. This entails a reassessment of the legacies
of the Enlightenment based on a field of historical evidence—placed
at the intersection between cultures, natural philosophies, and ma-
chines—that has received comparatively little attention by the inter-
preters of the Enlightenment tradition so far. Seen from a long-term
perspective, the case of Volta and the battery can be regarded as a para-
digmatic episode in the economy of invention enforced by Enlighten-
ment ideas and practices: a case study of some of the consequences
brought about by Enlightenment values and notions, which resulted
in the introduction of the nineteenth-century figure of the “scientist”
and the partial eclipse of the “natural philosopher.”
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The third line of inquiry to be pursued is epistemological and an-
thropological. It is an investigation into the material culture of science
and technology exemplified in Volta’s machines. It describes their
early, “private” development, as well as their public career, using the
rich documentation offered by Volta's laboratory notes and by the ne-
gotiations he undertook to obtain recognition via a varied network of
expert and amateur electricians, patrons, and reward-dispensing col-
leagues scattered in several countries. As an epistemological and an-
thropological study, an approach has been adopted that goes beyond
the opposition between realism and constructivism that has nurtured
protracted scholarly controversies over the past decade.’ Throughout
the book it will be assumed that scientific and technological objects are
both real and historical: real in the sense of pragmatic realism;® histori-
cal in the sense that scientific and technological knowledge and prac-
tices are in any case embedded in human culture, as constructivists
emphasijze.”

Moving to a review of the detailed contents of the book, chapter 1
examines what was distinctive in Volta’s personal, social, and cultural
endeavors. His career from amateur to expert, to professor and public
servant, is outlined, as are some of the features of his emotional life, his
attitude toward religion, and his scientific work. Chapter 2 is a study of
the Italian scientific community from 1770-1795, based on a survey of
seventy-four natural philosophers active south of the Alps. The aims
of the institutional reforms being carried out in the Italian peninsula
in the second half of the eighteenth century, and their constraints, are
assessed through the testimony of insiders and foreigners. Chapters 3
and 4 review Volta’s contributions to the science of electricity in the
1770s and 1780s. His day-to-day work is reconstructed from a wealth
of surviving manuscript notes. His qualities as an investigator are pre-
sented as stemming from an adjustment between his ambition to be
regarded as a natural philosopher and the more modest role of inven-
tor that some of his colleagues were inclined to assign him. In chapter
4 a detailed discussion of Volta’s techniques, and his reactions to Cou-
lomb’s celebrated memoirs on electricity, is used to outline both the
peculiar traits of the “quantifying spirit” Volta subscribed to and the
plurality of the strategies that late-eighteenth-century physicists
adopted in their pursuit of a quantitative science of electricity.

Chapter 5 describes the cosmopolitan network of contacts that Volta
developed in his dual role of expert in search of recognition and public
servant involved in the imitation-competition game that several gov-
ernments of Enlightenment Europe played in their well-advertised
support of fashionable science. The chapter shows how closely Volta’s
assessment of scientific merit, and his choice of foreign experts and
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scientific institutions from which to expect reward, linked up with his
perception of their broad cultural and political leanings.

Chapter 6 is a fine-grained study of Volta’s path to the battery. It
begins with a detailed discussion of Volta’s reactions to Galvani’s ex-
perimental results and interpretations of “animal electricity” in the
1790s. It continues with a description of the sophisticated measuring
techniques that Volta developed while engaged in the hunt for “weak”
electricity generated by the controversy over galvanism. The chapter
concludes with a circumstantial reconstruction, based on Volta’s labo-
ratory notes, of the cognitive and manipulative steps, and expert nego-
tiations, that led Volta to conceive and build the battery in 1799, and
announce it to the Royal Society of London in the spring of 1800. This
took only a few months once Volta had read a paper by William Nich-
olson suggesting a method for “imitating the electric fish” (the tor-
pedo) by means of an electrical and mechanical apparatus based on
one of Volta's own earlier machines. The circumstance that the battery
(later depicted as a momentous turning point in the history of physics)
was the outcome of a program that included the goal of “imitating the
electric fish” is used as a cautionary tale against the sort of history of
science that prevailed when the disciplinary boundaries imposed by
twentieth-century developments oriented the work of historians.

A comparative study of the early reception of the voltaic battery in
five European countries is developed in chapter 7. It is an essay on
how scientific instruments and their interpretations travel across cul-
tural frontiers. It shows how easily simple machines like the voltaic
battery could be replicated, and how—easy replication notwithstand-
ing—they could be adopted within widely different research pro-
grams, occasionally far removed from the interests and goals pursued
by the inventor. The easy replication of the voltaic battery, and its ap-
propriation within different cultural contexts, are discussed as evi-
dence that a revision is needed in the way historians and sociologists
have dealt with the issue of replication in scientific practice, and with
the role of local cultures and expert knowledge in the production and
diffusion of scientific instruments. The revision recommended com-
bines the realist notion that the voltaic batteries built throughout Eu-
rope in the early nineteenth century were basically the same apparatus,
with the constructivist notion that indeed any expert electrician in Eu-
rope could bend the battery to his or her own particular intellectual
and social needs.

The early reception of the voltaic battery shows that consensus on
how the battery worked, and on its implications for natural philoso-
phy, was conspicuously lacking in both expert and amateur circles
around Europe in the first few years after the introduction of the new



