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Volta: Science and Culture in the Age of Enlightenment.
Giuliano Pancaldi. 381 pp. Princeton U.P., Princet
NJ, 2003. Price: $35.00 ISBN: 0-691-09685-6.~Myles
W. Jackson, Reviewer.!

Electricity sparked the interest of a myriad of grou
throughout eighteenth-century Europe. Electric machines
illated the curiosities of aristocratic courts, as courtiers str
to impress regional rulers seeking to tame nature’s for
~often with a view to implementation on the battlefield!.
Theologians used electrical shows to demonstrate to t
flock the power of an angry, vengeful God wishing to pun
transgressors. Public performers were quick to incorpo
electrical phenomena in order to attract curious, fee-pay
audiences. And experimental natural philosophers grap
with electrical phenomena with the hope of explaining t
century’s most exciting branch of physics in terms of curr
theories of optics and gravity.

Within this context Pancaldi offers a biography of the Ita
ian savant, Alessandro Volta. Volta’s entrepreneurial acum
enabled him to negotiate the boundaries separating var
communities interested in electricity: public servants, exp
mental natural philosophers and mechanicians. Such an
complishment cannot be overemphasized. These groups
only had different~and at times antithetical! interests in elec-
tricity, they also possessed different forms of sociabil
Pancaldi correctly argues for the differences among th
cultures relevant to Volta’s invention of the battery. Natu
philosophers, members of the Republic of Letters, of
found themselves at odds with artisans such as scientific
strument makers, whose trade secrets, patents and fina
interests seemed both to taint the objectivity of scient
knowledge and threaten the openness so prized by the
rati. For example, when the Go¨ttingen natural philosophe
Georg Christian Lichtenberg remarked, ‘‘Volta@is# rich in
knowledge, and knows how to show it’’~as quoted on p. 40!,
one detects a purposely ambiguous tinge of sarcasm. P
displays of ‘‘virtuosity’’ were often frowned upon as cras
pandering to the whims of an unenlightened public. Althou
Pancaldi refers to Volta as a ‘‘virtuoso’’~p. 9!, it would be
more informative to the reader if the inventor’s contempor
ies referred to him as such. Whereas experimental nat
philosophers such as Robert Boyle and Isaac Newton
joyed the title of virtuoso, by the late eighteenth century
epithet was no longer applicable to experimental natural p
losophers. Indeed, science was seen as rendering the ma
ous and spectacular rather mundane, replicable and stra
forward. This desire to be disassociated from the commer
nexus of skilled artisans might offer an explanation for w
Volta never sought a patent for his invention. Although Vo
successfully navigated the treacherous boundaries am
these communities, Pancaldi could have done more to e
date and differentiate the various personae of the public
vant, experimental natural philosopher, inventor and cra
man. Precisely because the Enlightenment opened up
practice of science to a number of communities, which h
previously been excluded from experimental natural philo
phy ~including women and artisans!, the early nineteenth
718 Am. J. Phys.72 ~5!, May 2004 http://aapt.org/ajp
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century witnessed numerous tensions among groups with
fering socio-cultural backgrounds pursuing natural philo
phy.

Pancaldi’s work proffers a lucid and sorely needed pro
pography of Enlightenment science in Italy. It also deta
Volta’s early design of instruments, such as his elect
phorous, his early views on electricity and the responses
leading French, German and British experimental natu
philosophers to his views, with varying degrees of clarity

The most informative chapters of the book discuss Volt
famous invention of the battery and the numerous ways
which it was appropriated by various savants. As Panc
argues, Volta gleaned his construction of the battery from
paper written by William Nicholson, who was interested
imitating the anatomy of the torpedo, an electric fish. It is
this context that one begins to appreciate Volta’s renow
confrontation with Luigi Galvani, who claimed that anima
~such as frogs! provided their own electric fluid, which could
be measured by a simple physiological apparatus. Volta, a
initially agreeing with Galvani’s account, countered th
view by asserting that animals played only a passive ro
The contractions of the frog’s legs were due to the contac
different metals and wet substances used in the experim
Pancaldi describes Volta’s challenges to Galvani’s the
during 1796–1797. By using Nicholson’s doubler devic
Volta was able to show that it was indeed the machine t
contributed the motion of ‘‘electric fluid’’ resulting in the
twitching of the frog’s legs. In late 1799 Volta built his pil
composed of metals and wet cardboards as a mechanical
tation of the electric fish.

The ensuing chapter provides physicists with an import
historiographic moral. As historians and philosophers of s
ence have argued for decades, instruments never totally
termine their eventual use. One needs to investigate h
experimental natural philosophers appropriate an instrum
such as Volta’s battery, into their own research agendas. C
tra previous historical and sociological studies of science
technology, which have underscored the difficulty of rep
cating instruments, Pancaldi demonstrates how the bat
was rather easily reproduced. Electricians, instrument ma
and experimental natural philosophers constructed the
tery without needing to witness Volta’s skilled work
Whereas Volta saw his invention as a powerful weapon in
arsenal against animal or galvanic electricity, Johann W
helm Ritter used it to bolster his Romantic conception o
unified, organic nature. The discoverer of electromagneti
Hans Christian Oersted, saw Volta’s apparatus as provid
evidence for two different types of electricity, one genera
by friction and the other galvanic. The research objectiv
and conclusions of these two men were diametrically
posed to Volta’s own views on electricity. And Volta re
worked his own theories of electricity in general and t
battery in particular by responding to the works of those a
other savants, such as Jean-Baptiste Biot and Christoph
nrich Pfaff.
718© 2004 American Association of Physics Teachers
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Pancaldi’s work is an important contribution to the histo
of electricity and Volta’s invention of the battery. Historian
of science possessing a sophisticated knowledge of his
ography, however, might be somewhat disappointed with
book. On numerous occasions, Pancaldi argues that h
drawing upon both ‘‘realist’’ and ‘‘social constructivist’’ ac
counts in his work. Unfortunately, his use of the term ‘‘soc
constructivist’’ is rather misleading. He uses it when ref
ring either to a straightforward socio-cultural history or wh
dealing with reception theory. Whenever the ‘‘internal’’ co
tributions of Volta’s science are discussed, he reverts bac
a ‘‘realist’’ account. ‘‘Social constructivists’’ of science hav
for the past 20 years claimed that what counts as the ‘‘soc
and the ‘‘scientific’’ are at times blurred and are always h
torically contingent. They argue that one can indeed use t
historiography to explain science’s rigor. And they do n
speak of ‘‘social factors’’ precisely because such a term
sumes an internalist/externalist divide that they wish to ch
lenge, but that Pancaldi tacitly assumes throughout his w

Myles W. Jackson is Associate Professor of the History
Science, Director of Science Studies and Chair of Huma
ties at Willamette University. His book,Spectrum of Belief:
Joseph von Fraunhofer and the Craft of Precision Opt
was published by MIT Press in 2000 [it was reviewed in A
J. Phys.70, 559 (2002)]. He is currently working on a book
length study of the triangular exchange among physici
musicians and instrument makers in nineteenth-century G
many.

Fundamentals and Applications of Ultrasonic Waves.J.
David Cheeke. 462 pp. CRC, Boca Raton, FL, 20
Price: $99.95 ISBN 0-8493-0130-0.~James Zagzebski
Reviewer.!

I teach a graduate medical physics course on ultras
imaging, and my colleagues and I continue to search
textbooks that provide both basic background on the phy
of ultrasound waves and physics and instrumentation
medical acoustics. There are no books available that pro
such a mix. However, the first 6 chapters of David Cheek
book, Review of Fundamentals and Applications of Ultr
sonic Waves, seem to provide the right level of basic acou
tics for the first1

3 of such a course. I believe the book will b
equally useful for other acoustics courses.

Like many specialty textbooks,Fundamentals and Appli
cations of Ultrasonic Wavesgrew out of a course the autho
taught for physics and engineering majors. The book is
tended for use at the advanced undergraduate level, b
would also serve as a good supplement to graduate cou
or as a reference for individuals doing research that requ
a background in ultrasonics. The author’s intention is to p
vide an overview of ultrasonics, with emphasis on appli
tions. Although the topics covered may not be germane
every reader’s specific interests, the overview provides v
useful insight to many areas of ultrasonics.
719 Am. J. Phys., Vol. 72, No. 5, May 2004
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The book’s introduction briefly discusses an interest
cross section of applications and areas in which ultrasonic
used. These are not treated in detail, but the list emphas
the importance of the topic and helps broaden the outlook
any reader. The introduction also outlines many interest
sources of ultrasound, both natural~animals, ocean waves!
and manmade. One learns, for example, of the role of ul
sonics in the life and death struggle between a bat an
moth, complete with evasive maneuvers and jamming so
emitted by the prey. One would like to learn more abo
these fascinating topics, but it’s soon time to get on to
pects of ultrasonics that are important in a laboratory sett

Other readers will naturally see the book differently, b
the section of greatest interest to our medical ultraso
group is Chapters 1–7. This section provides backgro
material on vibrations and waves, bulk waves in fluid
waves in solids, beams, diffraction, and reflection and tra
mission at interfaces. Medical ultrasound groups delving i
elasticity imaging will find Chap. 4~‘‘Introduction to the
Theory of Elasticity’’!, with its introduction to tensor nota
tion, Lame constants, and the thermodynamics of defor
tion, particularly useful.

The general approach that is followed throughout the bo
is to start with basic concepts and pursue them into m
difficult areas, where greater complexity and mathemat
formalism are required. A case in point is the chapter
reflection and transmission at interfaces. A diagram at
start of the chapter outlines the different reflecting interfa
of interest, ranging from liquid-liquid ones at perpendicu
incidence, to liquid-solid interfaces, to solid-solid interfac
at oblique incidence. The treatment of simple reflecto
standing waves, and thin films is complete, filling in deta
that some textbooks leave as exercises for the reader.
chapter serves as a useful basis for subsequent chapte
Rayleigh waves, Lamb waves, and acoustic wave-guid
The end of each chapter contains useful didactic mater
including questions and bullet summaries.

An appendix contains useful information and ideas on
periments that might be carried out in an advanced und
graduate lab. These are not fully developed lab manuals,
simply collections of the author’s ideas that could be bu
upon, given sufficient time and equipment; none is descri
in sufficient detail to enable a TA to go in and set up t
experiment. They include, for example, experiments on
diation measurements using transducers, and basic tr
ducer characterization.

If you are looking for a detailed treatment of specific a
plications, such as nondestructive testing, or the many fa
of medical ultrasonics, you will have to look elsewhere. Co
sidering the importance of medical ultrasonics, and the r
variety of acoustical applications that might have been
cluded, this was a drawback for me. If, on the other ha
you are looking for a basic book along the lines ofFunda-
mentals of Acousticsby Kinsler, Frey, Coppens, and Sande
this is a very readable, logically arranged book, and
many advantages over other more classical texts.

James Zagzebski, Ph.D., is professor and chair of med
physics at the University of Wisconsin, Madison. His
search interests are ultrasound parametric imaging, the u
of ultrasound contrast agents, and computer models of ul
sound wave propagation.
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