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Preface

This tale of the Italian mathematicians who provided Albert Einstein
with the crucial mathematical architecture for general relativity might never
have come about had it not been for a piece of mail that surfaced more than
forty years ago in the correspondence of a very different mathematician, the
Hungarian-born polymath Theodore von Kármán. He spent many years on
the faculty of the California Institute of Technology, and early in my ca-
reer as Caltech’s first archivist, while rummaging through a collection of his
letters, I came across one that he had received in 1922 from Tullio Levi-
Civita, a mathematics professor in Rome. The name was unfamiliar to me,
but even before reading the letter, I was struck by the handwriting. Unlike
many scientists whose scrawls I had alternately puzzled over and despaired
of, Levi-Civita had mastered the art of penmanship. His script was dis-
tinguished by bold, slightly exaggerated letters, with every I dotted and T
crossed. His prose marched in straight, confident lines across the page, all
correctly punctuated. What he had to say was at least as interesting as
his handwriting: In the bitter aftermath of World War I, the victorious Al-
lied nations, including Italy, had actively discouraged their scientists from
attending meetings with their counterparts in the defeated nations of Ger-
many and Austria-Hungary. Von Kármán, then still teaching in Germany,
had evidently written to Levi-Civita to ask for his help in lifting the em-
bargo. In his response, Levi-Civita had offered his enthusiastic support, now
that “the brutal parenthesis of the war” had ended, for an international con-
ference von Kármán proposed holding in Innsbruck, Austria. “Almost” all
of his Italian colleagues would attend, he assured him, “without deplorable
lingering of a bellicose mentality” still sometimes displayed by their peers.

Intrigued by the tone of the letter, I decided to investigate further. I
quickly discovered that Levi-Civita had been perhaps the most brilliant and
versatile member of a circle of influential Italian mathematicians—a number,
like him, from Jewish backgrounds—that had flourished in the decades after
the unification of Italy in 1870, only to be undone by the collapse of the
nation’s democratic institutions following the rise of Mussolini and fascism in
the years leading up to World War II. He himself had died in 1941, stripped
of his academic posts and prerogatives under the state’s anti-Semitic laws
and ostracized by colleagues who only a few years earlier had hailed him as
their field’s shining light.
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My language skills did not extend to Hungarian and my German wasn’t
much better, but I could read and, after a fashion, speak Italian. Moreover,
I would be accompanying my physicist husband, David, on his research trip
to Rome in the near future. Putting aside for the moment any further
inquiries into von Kármán, I found myself not long afterward standing in
front of Via Sardegna 50, Levi-Civita’s last known address in Rome. There I
encountered a kindly janitor who told me that Levi-Civita’s widow, Libera,
had recently moved to another part of the city. While I stood in the empty
apartment, he called her and handed me the phone. In my halting Italian,
I introduced myself and explained my interest, and she invited me to visit
her, which I did about a week later.

When I met Libera for the first time that summer, I knew painfully
little about her and not that much more about her distinguished husband.
Considering that she knew absolutely nothing about me, her subsequent
generosity was astonishing. We talked for a while and then she directed me
to an armoire located in an alcove adjacent to her living room, and said, “His
letters are here.” I already knew Levi-Civita to be a tireless correspondent,
whose letters, written between 1896 and 1941, had been promised to Italy’s
Lincei Academy of Sciences, but I had not expected to find them tucked
away in a corner of her home, numbering in the thousands.

A few weeks later we met again, and this time she introduced me to her
son in law, Pier Vittorio Ceccherini, a professor of mathematics in Rome who
had been a student of Beniamino Segre, now the president of the Lincei. The
three of us came to an understanding that I could examine some of the letters
while I was in Rome and that the Lincei would mail the complete collection
to me in Pasadena, California, the following summer. They arrived still
tucked in their envelopes, bundled together by year, each packet neatly tied
with string. Over the next several months, I pored over their contents,
consulted other sources, and began assembling a picture of Levi-Civita’s
life, his research, and the intellectual milieu in which he lived and worked. I
discovered that he and his mathematical peers had assumed the primary role
in disseminating relativity theory throughout Italy’s scientific community,
and that Levi-Civita himself had carried on a lively correspondence with
Einstein in the years immediately before and after World War I. I presented
the early fruits of this research in an invited talk at the Lincei Academy
in 1973 and over the next decade published a handful of additional articles
about Italy’s nineteenth-century renaissance in mathematics.

Years later, having completed a book about the history of Caltech, I
returned to the themes of those earlier pieces and expanded them into a
book The Volterra Chronicles, which was published in 2007. It was sometime
afterward that Sergei Gelfand, my shrewd and knowledgeable publisher at
the American Mathematical Society, said to me, “What about Ricci?” Well,
what about Ricci? He was certainly not one of the flashier figures of that era.
Thinking back to Levi-Civita’s letters, I vaguely recalled that Gregorio Ricci
had been his professor and later his colleague at the University of Padua.



PREFACE xi

Their subsequent relationship had been close enough, I soon discovered, for
Levi-Civita to have delivered an eloquent and emotional tribute to him at
the Lincei in 1926, a year after his death. I located a copy of that talk
(which is translated into English for the first time here in its entirety), read
its account of the indispensable role Ricci’s absolute differential calculus had
played in the formulation of general relativity, and embarked on a journey
that has brought me here.

The premise of this book is simply this: that the part Ricci and Levi-
Civita played in contributing to Einstein’s theory is a story that deserves
to be told and told to a wider audience than it has reached to date. Recog-
nizing Gregorio Ricci for his role in this saga—a mathematician who spent
his whole adult life engaging in what the mathematical physicist Freeman
Dyson has called “unfashionable science,” but who also had the extraordi-
nary good fortune to encounter Tullio Levi-Civita as an effervescent student
at Padua and form an enduring friendship with him—has been the driv-
ing force behind this narrative. Einstein, of course, features in this drama
too—not the central figure but still a major player whose sudden, somewhat
disheveled, appearance in the third act throws into sharp relief the role of its
principals in setting the stage for one of the great, transformative discoveries
of twentieth-century science.

Acknowledgments. This book owes much to Pier Vittorio Ceccherini
and Susanna Silberstein Ceccherini, who first opened their home to me more
than forty years ago and permitted me unfettered access to Levi-Civita’s cor-
respondence and private documents and other manuscript material in their
possession. Tullio Ceccherini-Silberstein, their son, also a mathematician,
shared family photographs with me and read the chapters as did my col-
leagues Tilman Sauer and Michele Vallisneri, who rescued me from time to
time with their mini-tutorials on relativity and tensors. Donald Babbitt,
who has been my mentor in all things mathematical, has been a loyal friend
and staunch supporter for the past decade.

The publisher of the American Mathematical Society, Sergei Gelfand,
made me an offer I couldn’t refuse in suggesting that Ricci deserved to be
brought out of the shadows. He challenged me to answer the question: “Who
was he?” In 2004, Fabio Toscano published an Italian-language book about
Ricci and Levi-Civita, which I found helpful.

While the considerable archival research undertaken in the preparation
of this book is amply reflected in the footnotes, the kindness and generosity
of the many archivists and librarians who facilitated my work deserve a spe-
cial thank you In particular, I would like to thank Orith Or Burla, Chaya
Becker, and Roni Grosz, all of the Albert Einstein Archives at The Hebrew
University of Jerusalem, for their help and permission to quote from The
Collected Papers of Albert Einstein. In the early stages of writing this book,
I was a visiting associate at the Einstein Papers Project at Caltech, courtesy
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of Diana Kormos Buchwald, the project’s general editor, who provided im-
mense help with her knowledge of the papers and patiently answered many
questions.

In Rome, Francesca Rosa provided many hours of much-needed research
help in the Archivio Centrale dello Stato; the Archivio di Stato; the Archivio
Storico and the Physics Department of the University ‘La Sapienza’; the
Archivio Storico del Senato della Repubblica; and the Accademia Nazionale
dei Lincei. I am grateful for the help she received from Mariapina Di Simone,
Carla Onesti, Marco Guardo, Susanna Panetta, and Andrea Dibitonto. In
Pisa, my thanks to Diana Toccafondi, Giovanna Tanti, Daniela Staccioli,
Damiano Cecchi, Sandro Di Majo, Maddalena Taglioli, Anita D’Orazio,
Mauro Bellandi, and Alessandro Masi at the Archivio di Stato, the Scuola
Normale, and the Università di Pisa, who answered countless questions, sup-
plied copies of documents, and in some cases photographs. I thank all of
them for their help and permission to quote from materials in their reposi-
tories.

In Lugo di Romagna, Luisa Bedeschi and Ivana Pagani provided friend-
ship, enthusiasm, unlimited scans, and many helpful suggestions as Carlotta
Scaramuzzi, who translated many of the documents, and I delved into the
Ricci papers. Enrico Sangiorgi, the great-grandson of Gregorio Ricci, ac-
companied by his aunt, Anna De Rossi, organized a visit to Ricci’s country
house in nearby Sant’Agata sul Santerno, including a reception in the town’s
library offered by Armanda Capucci, the librarian and Enea Emiliani. The
high point of the day for me was a tour of the house itself, which gave me a
real sense of Ricci’s way of life there.

In Padua, I had a lively correspondence with Mariarosa Davi, a teacher
at the prestigious Liceo Ginnasio Tito Livio, who went beyond the call of
duty to track down and send me Tullio Levi-Civita’s pre-university academic
records. Across the Alps, Bärbel Mund in Gottingen provided help in locat-
ing Ricci correspondence in the Felix Klein Nachlass, and Heike Hartmann
offered assistance in selecting pictures in the ETH’s photographic archive.

Closer to home, my appreciation goes to the document delivery staff at
Caltech’s Sherman Fairchild Library, who never failed to find the pamphlets,
articles, and books I needed. A big thanks also to Loma Karklins and Elisa
Piccio in the Caltech Archives who gave their time and help to my book-
writing project.

Translations from one language to another can be unusually challenging
at times. I enlisted the help of my husband, David, and our daughter,
Marcia Goodstein, in translating several difficult documents from the Italian;
Donald Babbitt did the same for French material. James T. Smith provided
a valuable preliminary translation of Levi-Civita’s memoir about Ricci’s life
and work.

Various friends have read the chapters and provided thoughtful and con-
structive suggestions.
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I owe a special debt of gratitude to Heidi Aspaturian, my long-time
editor and colleague at Caltech, who through many detailed and discerning
readings of the chapters helped turn the manuscript into a compelling story.
As the saying goes, behind every writer is a better editor and in my case,
certainly, that statement has never been truer or more appreciated.

Judith Goodstein
July 2017
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Photo 27. Caffè Pedrocchi, Padua (ca. 1915).

Photo 34. Tullio Levi-Civita and his wife Libera Trevisani.



PERMISSIONS & ACKNOWLEDGMENTS xvii

The Hebrew University of Jerusalem.

Photo 25. Pages from a Levi-Civita letter to Einstein, March 28, 1915.
c©The Hebrew University of Jerusalem, Israel.

Photo 26. Two postcards from Einstein to Levi-Civita, April 14 and
April 21, 1915. c©The Hebrew University of Jerusalem.

Ida Ricci Curbastro

Photo 2. Gregorio Ricci Curbastro (ca. 1869). Credit: Ida Ricci
Curbastro/Biblioteca Comunale Fabrizio Trisi.

Institut Mittag-Leffler

Photo 6. Ulisse Dini (1845-1918).

Maria Giovanna Ricci Curbastro

Photo 10. Bianca Bianchi Ricci Curbastro. Credit: Maria Giovanna
Ricci Curbastro/Biblioteca Comunale Fabrizio Trisi, Lugo.

Photo 11. Bianca Bianchi Ricci Curbastro.

The Royal Society

Appendix C. “Tullio Levi-Civita” by W. V. D. Hodge is reprinted
with permission of the publisher, The Royal Society, from Obituary Notices
of Fellows of the Royal Society of London, 4 (1942), 151–165.

Scuola Normale Superiore Pisa

Photo 5. Enrico Betti (1823–1892).

Senato della Repubblica

Photo 13. Giacomo Levi-Civita (1846–1922). Credit: ASSR, Senato
del Regno, Segreteria, fascicolo personale del senatore Giacomo Levi-Civita,
n. 1274.

Wikimedia Commons

Photo 15. Giuseppe Veronese (1854–1917).

Photo 16. Luigi Bianchi (1856–1928).

Yale University

Photo 18. Ricci-Levi-Civita’s paper published in Mathematische An-
nalen 54 (October, 1900). Credit: Cushing/Whitney Medical Library, Yale
University. Public Domain.







Selected References

[1] Accademia Nazionale dei Lincei. Tullio Levi-Civita. Convegno internazionale celebra-
tivo del centenario della nascita: Roma, 17–19 dicembre 1973. Rome, 1975.

[2] U. Amaldi, Commemorazione del socio Tullio Levi-Civita (Italian), Atti Accad. Naz.
Lincei. Rend. Cl. Sci. Fis. Mat. Nat. (8) 1 (1946), 1130–1155. MR0020061

[3] Max Born and Max von Laue, “Max Abraham.” Physikalische Zeitschrift, 24 (1923):
49–53.

[4] R. J. B. Bosworth, Mussolini’s Italy: Life under the Fascist Dictatorship, 1915–1945.
New York, 2007.

[5] Umberto Bottazzini, Ricci and Levi-Civita: from differential invariants to general
relativity, The symbolic universe (Milton Keynes, 1996), Oxford Univ. Press, New
York, 1999, pp. 241–259. MR1750739

[6] Carl B. Boyer, A history of mathematics, John Wiley & Sons, Inc., New York-London-
Sydney, 1968. MR0234791

[7] Carlo Cattani and Michelangelo De Maria, Max Abraham and the reception of relativ-
ity in Italy: his 1912 and 1914 controversies with Einstein, Einstein and the history
of general relativity (North Andover, MA, 1986), Einstein Stud., vol. 1, Birkhäuser
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che salvò la teoria della relativita generale (Milan, 2004), 129.

3. G. Ricci, Suor Vincenza, 6.

4. Francesco Taglioni, “Attestato di studio,” October 15, 1869, ASR, Fondo Univer-
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Università di Padova, Archivio Storico, Tullio Levi-Civita: “I numeri reali ammet-
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19. A. Einstein to Mileva Einstein-Marić, April 17, 1908, CPAE, vol. 5, Doc. 96, p.
69.

20. J. Laub to A. Einstein, May 18, 1908, CPAE, vol. 5, Doc. 101, pp. 72–73, on 73.

21. A. Einstein to J. Laub, July 30, 1908, CPAE, vol. 5, Doc. 113, pp. 81–82, on 82.

22. A. Einstein, “Fundamental Ideas and Methods of Relativity Theory, Presented in
Their Development,” [after 22 Jan. 1920], unpublished draft of an article for Nature,
CPAE, vol. 7, Doc. 31.

23. A. Einstein, “How I Created the Theory of Relativity,” trans. Y. A. Ono, Physics
Today, 35(1982), 45–47, on 47. A new, definitive translation appears in CPAE, vol.
13, Doc. 399, see p. 638.

24. Philipp Frank, Einstein: His Life and Times, trans. George Rosen (New York,
1947), 82.

25. CPAE, vol. 4, Doc. 8, p. 133.

26. Quoted in Tilman Sauer, “Marcel Grossmann and his contribution to the general
theory of relativity,” p. 3, Apr. 22, 2014, arXiv:1312.4068v2 [physics. hist-ph].

27. Ibid., 42.



NOTES FOR CHAPTER 10 193

28. More about Grossmann’s early life is related in the recent biography by his grand-
daughter, Claudia E. Graf-Grossmann, Aus Liebe zur Mathematik (Zurich, 2015).
An English-language edition is not currently available.

29. Banesh Hoffmann (with Helen Dukas), Albert Einstein, Creator and Rebel, (New
York, 1972), 25.

30. Maja Winteler-Einstein, “Albert Einstein—A Biographical Sketch,” CPAE, vol. 1,
xxi.

31. Hermann Einstein to Jost Winteler, Dec. 30, 1895, CPAE, vol. 1, Doc. 14.

32. T. Sauer, “Marcel Grossmann,” 4.

33. C. Seelig, Albert Einstein, 34.

34. Ibid., 207-208.

35. P. Frank, Einstein, 102.

36. L. Kollros, “Albert Einstein,” 278.

37. T. Sauer, “Marcel Grossmann,” 42.

38. A. Pais, Subtle Is the Lord, 213.

39. Ibid.

40. T. Sauer, “Marcel Grossmann,” 15.

41. Quoted in T. Sauer, ibid., 16.

42. CPAE, vol. 6, Doc. 42, p. 418.

43. Quoted in S. U. Eminger, “Carl Friedrich Geiser,” 21.

44. CPAE, vol. 13, Doc. 399, p. 638.

45. While he never got around to publishing these lectures, they are included in volume
2 of Ricci’s Opere, published in 1957.

46. A. Einstein to A. Sommerfeld, October 29, 1912, quoted in J. Goodstein, “The
Italian Mathematicians of Relativity,” Centaurus, 26 (1983), 247.

47. Quoted in A. Pais, Subtle Is the Lord, 212.

48. A. Einstein and Marcel Grossmann, Entwurf einer verallgemeinerten Relativiäts-
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G. Castelnuovo, ed., Atti del IV Congresso Internazionale dei Matematici, vol. 1
(Rome, 1909), 64.

7. For further details of Abraham’s stay in America, see Lawrence Badash, ed., Ruther-
ford and Boltwood, Letters on Radioactivity (New Haven, 1969), 193–194.

8. T. Levi-Civita to unknown recipient, draft, ca. 1909, Fondo Levi-Civita, Accademia
Nazionale dei Lincei, Rome.

9. File, “Relazione della Commissione Giudicatrice, Concorso per Professore Straor-
dinario di Meccanica Razionale nel R. Istituto Tecnico Superiore di Milano,” Oct.
8, 1909, Levi-Civita Family Papers.

10. A. Pais, Subtle Is the Lord, 156.

11. Quoted in A. Pais, Subtle Is the Lord, 232.

12. See Jagdish Mehra, “Einstein, Hilbert, and the Theory of Gravitation,” in J. Mehra,
ed., The Physicist’s Conception of Nature (Dordrecht, 1973), 96–98.



NOTES FOR CHAPTER 11 195

13. A. Einstein to Lucien Chavan, ca. July 6, 1911, CPAE, vol. 5, Doc. 271, pp.
193–194.

14. A. Einstein to Heinrich Zangger, [before Feb. 29], 1912, CPAE, vol. 5, Doc. 366,
p. 268.

15. A. Einstein to J. Laub, Aug. 11, 1911, CPAE, vol. 5, Doc. 275, p. 197.

16. For the best recent study of Abraham’s theory of gravitation, see Jürgen Renn,
“The Summit Almost Scaled: Max Abraham as a Pioneer of a Relativistic Theory of
Gravitation,” in J. Renn, ed., The Genesis of General Relativity, vol. 3 (Dordrecht,
2007), 1229-1255.

17. A. Einstein to Michele Besso, Mar. 26, 1912, CPAE, vol. 5, Doc. 377, pp. 276–279,
on 278.

18. A. Einstein to H. Zangger, Jan. 27, 1915, vol. 5, Doc. 344, p. 250.

19. A. Einstein to Paul Ehrenfest, Feb. 12, 1912, vol. 5, Doc. 357, p. 260.

20. A. Einstein, “The Speed of Light and the Statics of the Gravitational Field,” An-
nalen der Physik, CPAE, vol. 4, Doc. 3, p. 95. In March, 1912, Einstein published
his final paper on the static field, “On the Theory of the Static Gravitational Field,”
CPAE, vol. 4, Doc. 4.

21. Carlo Cattani and Michelangelo De Maria, “Max Abraham and the Reception of
Relativity in Italy: His 1912 and 1914 Controversies with Einstein,” in Don Howard
and John Stachel, eds., Einstein and the History of General Relativity (Boston,
1896), 160-174, on 163.

22. A. Einstein, “Relativity and Gravitation: Reply to a Comment by M. Abraham,”
Annalen der Physik 38(1912), 1059–1064; CPAE, vol. 4, Doc. 8. For a more
detailed account, see the editorial note, “Einstein on Gravitation and Relativity:
The Static Field,” vol. 4, pp. 122–128.

23. CPAE, vol. 4, Doc. 8, p. 133.

24. Quoted in C. Cattani and M. De Maria, “Abraham and Relativity,” 164.

25. A. Einstein, “Comment on Abraham’s Preceding Discussion ‘Once Again, Rel-
ativity and Gravitation,’ ” Annalen der Physik 39 (1912), 704; CPAE, vol. 4,
Doc. 9.

26. T. Sauer to the author, Apr. 27, 2017.

27. Quoted in C. Cattani and M. De Maria, “Abraham and Relativity,” 165.

28. A. Einstein to M. Besso, Mar. 12, 1912, CPAE, vol. 5, Doc. 377.

29. A. Einstein to A. Sommerfeld, Oct. 29, 1912, vol. 5, Doc. 421.

30. A. Einstein to Alfred Kleiner, April 3, 1912, vol. 5, Doc. 382.

31. T. Levi-Civita to Giuseppe Colombo, Mar. 17, 1913, quoted in C. Citrini, “Matem-
atica e Vita Civile,” 103.



196 Notes

32. Ibid., 102.

33. Quoted in M. Born and M. von Laue, “Max Abraham,” Phys. Zs., 24 (1923), 53.

34. A. Einstein to M. Besso, [after Jan. 1, 1914], Mar. 26, 1912, CPAE, vol. 5, Doc.
499.

35. Quoted in Barbara J. Reeves, “Einstein Politicized: The Early Reception of Rela-
tivity in Italy,” in Thomas F. Glick, ed., The Comparative Reception of Relativity
(Dordrecht, 1987), 201.

36. F.G. Tricomi, “Mathematici italiani del primo secolo dello stato unitario,” Mem.
Acc. Sci. Torino, cl. sci., fis., 4th ser. 1(1962), 106.

37. C. Somigliana, Tullio Levi-Civita e Vito Volterra (Milan, 1946), 8.

38. A. Einstein, “The Formal Foundation of the General Theory of Relativity,”Königlich
Preussische Akademie der Wissenschaften (Berlin). Sitzungsberichte, CPAE, vol.
6, Doc. 9, p. 30. Unlike the title of the two previous Entwurf papers, Einstein
replaced the word “generalized” with “general” in describing his theory of relativity.

39. Hanoch Gutfreund and Jürgen Renn, The Road to Relativity : The History and
Meaning of Einstein’s “The Foundation of General Relativity,” (Princeton, 2015),
26.

40. A. Einstein, “The Formal Foundation,” CPAE, vol. 6, Doc. 9.

41. M. Abraham to T. Levi-Civita, Feb. 23, 1915, Tullio Levi-Civita Papers, Lincei.

42. A. Pais, Subtle Is the Lord, 244.

43. C. Somigliana, “Tullio Levi-Civita,” 6–7.

44. For extensive analysis, see C. Cattani and M. De Maria, “The 1915 Epistolary
Controversy between Einstein and Tullio Levi-Civita,” in Howard and Stachel, eds.,
Einstein and the History of General Relativity, vol. 1, 175–200, on 194.

45. John Norton, “How Einstein Found His Field Equations, 1912–1915,” ibid., 101–
159, on 138.

46. H. Lorentz, Jan. 1, 1916, CPAE, vol. 8, Doc. 177.

47. A. Einstein to T. Levi-Civita, Mar. 5, 1915, CPAE, vol. 8, Doc. 60, p. 71.
Portions of the material on Einstein and Levi-Civita previously appeared in the
journal Centaurus and are reprinted here in slightly different form with the consent
of John Wiley & Sons.

48. T. Sauer, “Albert Einstein, Review Paper on General Relativity Theory (1916),” I.
Grattan-Guinness, ed., Landmark Writings in Western Mathematics, 1640–1940,
chap. 63 (Amsterdam, 2005), 811.

49. A. Einstein to T. Levi-Civita, Mar. 17, 1915, CPAE, vol., 8, Doc. 62, p. 73.

50. A. Einstein to T. Levi-Civita, Mar. 26, 1915, CPAE, vol. 8, Doc. 66.



NOTES FOR CHAPTER 12 197

51. M. Abraham to T. Levi-Civita, Mar. 30, 1915, Tullio Levi-Civita Papers, Lincei.

52. A. Einstein to T. Levi-Civita, Apr. 2, 1915, CPAE, vol. 8, Doc. 69.

53. A. Einstein to H. Zangger, April 10, 1915, CPAE, vol. 8, Doc. 73.

54. A. Einstein to T. Levi-Civita, Apr. 14, 1915, CPAE, vol 8, Doc., 75.

55. For further details, see C. Citrini, “Matematica e Vita Civile,” 109–115.

56. M. Abraham to T. Levi-Civita, Apr. 27, 1915, Tullio Levi-Civita Papers, Lincei.

57. Ibid., Oct. 16, 1919.

58. See M. Abraham’s letter to Theodore von Kármán, Feb. 16, 1922, Theodore von
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cations. Mathematische Annalen, 54:125–201, 1900.

11. A. Einstein. On the general theory of relativity. Sitzungsberichte Königlich Preußis-
che Akademie der Wissenschaften (Berlin), page 778, 1915; A. Einstein. Expla-
nation of the perihelion motion of mercury from the general theory of relativ-
ity. Sitzungsberichte Königlich Preußische Akademie der Wissenschaften (Berlin),
page 831, 1915; A. Einstein. The field equations of gravitation. Sitzungsberichte
Königlich Preußische Akademie der Wissenschaften (Berlin), page 844, 1915.

12. One equation that uses the scalar product is the law of motion for a particle in a
central potential,

m
d2xi

dt2
= − ∂

∂xi
U(r),

with r2 =
∑

i(x
i)2.

13. These forces are termed fictitious because they do not arise from physical inter-
actions between bodies, but rather from describing physics from a non-inertial
coordinate frame—in this case a rotating frame. Since these forces originate from
geometry (more precisely, from kinematics), they affect bodies of different mass in
the same way, as can be seen by dividing both sides of Eq. (7) by m.

14. A. Einstein. On the electrodynamics of moving bodies. Annalen der Physik, 17:891,
1905.

15. H. Minkowski. Space and time. Physikalische Zeitschrift, 10:75, 1908.

16. By contrast, in pre-relativistic physics Δt2 and Δx2 +Δy2 +Δz2 would have been
separately invariant with respect to rotations and translations.

17. H. Minkowski. Space and time. Physikalische Zeitschrift, 10:75, 1908.
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15. Friedrich Kottler, “Über die Raumzeitlinien der Minkowski’schen Welt,” Kaiser-
liche Akademie der Wissenschaften (Vienna), Mathematisch-naturwissenschaftliche
Klasse, Abteilung IIa. Sitzungsberichte 121 (1912): 1659–1759.

16. Translators’ Note: Usually written as ds2 =
∑

i,j=1,2,3,4 gijdx
idxj , where the {gij}

are the unknowns.

17. Albert Einstein and Marcel Grossmann, Entwurf einer verallgemeinerten Rela-
tivitätstheorie und einer Theorie der Gravitation, Leipzig, 1913.





Index

Abraham, Max, 111
and anti-semitism, 101
and Einstein, 102–105
Milan Polytechnic’s hiring of, 101
personality of, 99
Theorie der Elektrizität, influence of,

99
Amaldi, Ugo, 56, 58
Annalen der Physik, 102
Annali di Matematica pura e applicata,

76
Annals of the Toulouse Science Faculty,

72, 75
Appell, Paul, 74
Archiginnasio Romano, 2
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Napoleon III, 3
Neugebauer, Otto, 130
Neumann, Carl, 14
Noether, Emmy, 100
Noether, Max, 100
non-Euclidean geometry, 14, 31, 46, 89,

93
Norton, John, 108

Omboni, Giovanni, 41
On several systems of differential

equations (Ricci, 1883), 22
On the covariant differentiation of a

differential form Ricci, 1887), 48
On the equations of the icosahedron

(Klein), 16
On the Influence of Gravitation on the

Propagation of Light (Einstein),
102

On the parameters and invariants of
quadratic differential forms (Ricci,
1886), 47

On the Potential Function of
Conductors of Constant Galvanic
Current (Ricci, 1886), 22

On the transformation of dynamical
systems (Levi-Civita, 1896), 66

On the transformation of homogenous
differential equations of the second
grade (Christoffel), 50

On the transformations of degree 7
(Klein), 16

Outline [Entwurf ] of a Generalized
Theory of Relativity and of a
Theory of Gravitation (Einstein
and Grossmann (1914), 95

Padova, Ernesto, 8, 24, 38, 127
Padrin, Luigi, 57
Padua, 55

Jewish ghetto in, 57
University of, 20, 24, 55, 58, 59
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Picard, Émile, 100
Pick, Georg, 89
Pincherle, Salvatore, 52, 79



210 INDEX

Planck, Max, 99
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In the fi rst decade of the twentieth century as Albert 

Einstein began formulating a revolutionary theory 

of gravity, the Italian mathematician Gregorio Ricci 

was entering the later stages of what appeared to be 

a productive if not particularly memorable career, 

devoted largely to what his colleagues regarded as 

the dogged development of a mathematical language 

he called the absolute differential calculus. In 1912, 

the work of these two dedicated scientists would intersect—and 

physics and mathematics would never be the same. Einstein’s 

Italian Mathematicians chronicles the lives and intellectual contri-

butions of Ricci and his brilliant student Tullio Levi-Civita, 

including letters, interviews, memoranda, and other personal and 

professional papers, to tell the remarkable, little-known story of 

how two Italian academicians, of widely divergent backgrounds 

and temperaments, came to provide the indispensable mathe-

matical foundation—today known as the tensor calculus—for 

general relativity.

A wonderfully written chronicle of the lives of two great mathematicians 

and how their work shaped Einstein’s masterpiece as well as ushering in 

new fi elds of mathematics. The book is also an intriguing and insightful 

portrait of Italy during the period from Italian independence in 1870 

until the onset of World War II.

—Gino Segre, Physics Department, University of Pennsylvania

 Galileo said that mathematics is the language of nature. Einstein 

might have found himself mute when it came to describing gravity if 

it weren’t for the mathematics of covariant derivatives developed by 

Galileo’s countrymen Gregorio Ricci-Curbastro and Tullio Levi-Civita. 

Judy Goodstein tells their stories and their connection to Einstein with 

clarity and grace in a most readable book. 

—Barry Simon, California Institute of Technology 
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