
Shocking Frogs 
G A L V A N I ,  V O L T A ,  A N D  T H E  E L E C T R I C  O R I G I N S  O F  

N E U R O S C I E N C E  

Marco Piccolino 

Marco Bresadola 

Translated by Nicholas Wade 

OXFORD 
UNIVERSITY PRESS 



Contents 

Foreword ix 

Authors'Preface to the Italian Edition xi 

Authors'Preface to the English Edition xv 

Acknowledgments xix 

Bibliographical Note xxi 

1. Galvani, Volta, and the Forgotten Electrophysiology i 

2. "Truth and Usefulness": Medicine and Natural Philosophy 

in the Eighteenth Century 26 

1.1. Galvani's Education in Bologna: The University, the Institute of Sciences, 

and the Hospitals 26 

2.2. Galvani's Professional Career 36 

2.3. Galvani's Early Anatomo-PhysiologicalInvestigation 40 

5. Animal Spirits, Vital Forces, and Electricity: Nervous Conduction and 

Muscular Motion in the Eighteenth Century 42 

3.1. The Debate on Hallerian Irritability 43 

3.1. The Study of Electricity in the Eighteenth Century 48 

3.3. "Artificial"Electricity, "Natural"Electricity, and Their 

Role in the Human Body 5 6 

3.4. Electric Fish 62 

4. Artificial Electricity, the Spark, and the Nervous Fluid: 

Galvani's Early Research on Muscular Motion 69 

4.1. The Beginning of Electrophysiological Experimentation 71 

4.2. A "Problematic" Turn: The Observation of Contractions at a Distance 88 

4.3. Galvani's Saggio sulla forza nervea of 1782 99 



O —  Contents 

5. A "Fortunate" Discovery: Galvani's Theory of Animal Electricity 108 

5.1. The Study of "Airs" in Relation to the Living Organism 109 

5.2. The Effects of Atmospheric Electricity on Muscular Motion 

and the Discovery of Metal Arcs 116 

5.3. The Model of the Muscle as an Animal Ley den Jar 127 

5.4. The Final Elaboration of the Theory of Animal Electricity 132 

6. The Controversy Between Galvani and Volta Over Animal Electricity: 

The First Stage 141 

6.1. Galvani's Work in the Scientific Culture of the Late Eighteenth Century 142 

6.2. Volta's Early Research on Animal Electricity: Quantification, Muscular Physiol­

ogy, and the "Special Theory of Contact Electricity" 152 

6.3. Galvani's Trattato dell'arco conduttore: The Criticism Against Volta and the 

Notion of a Circuit of Animal Electricity 16 2 

7. The Controversy Between Galvani and Volta Over Animal Electricity: 

The Second Stage 177 

7.1. Volta's "General Theory of Contact Electricity" 179 

7.2. Galvani's Reply to Volta's Criticisms and the 1797 

Memorie Sulla Elettricita Animale 18 6 

7.3. Galvani's Research on Electric Fish and the Various Forms of Electricity 201 

7.4. The Conclusion of the Galvani-Volta Controversy 211 

8. The Electrophysiological Work of Alessandro Volta 215 

8.1. Volta and Life Sciences 217 

8.2. Volta's Research on Sensations 229 

8.3. Sensation and Muscular Motion in Volta's "Chain" Experiments 241 

8.4. Volta's Research on Electric Fishes and the Invention of the Electric Battery 249 

9. From Galvani to Hodgkin and Beyond: The Central Problem 

ofElectrophysiology in the Last Two Centuries 269 

9.1. Measuring Animal Electricity 270 

9.2. Nervous Conduction: Propagated Electric Signal and the Firing of a Train of 

Gunpowder 280 

9.3. The Involvement of Animal Electricity in Nerve Conduction Demonstrated 289 

10. Neuromuscular Excitability: The Modern Explanation 299 

10.1. Cell Membrane and Ions: A Machine Generating Electric Potentials 300 

10.2. The Electric Mechanism of Nerve Conduction and Muscle Excitation 310 

11. Concluding Remarks 319 

B I B L I O G R A P H Y  335 

INDEX 361 


