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Preface

Knowledge in the modern world is shared globally. Different knowledge communities
in science, technology, economy, politics, and public opinion are becoming ever
more entangled. This process has also affected the history of science, which is more
and more becoming part of a global history of knowledge and ever less focused on
specific disciplines or specific countries. Rather, it becomes clear that the history of
scientific disciplines or national developments can only be understood as part of
processes of knowledge exchanges and transformations, often over long time periods
and large distances. Against this background, we consider this volume on the history
of physics in Cuba, covering a period of more than 200 years, as a contribution to
the study of the globalization of knowledge in history (Renn 2012).

With European colonial expansion, new forms of knowledge exchange were also
created, partly destroying former regional networks. Cuba was a strategic center in
the Caribbean and directly connected to all parts of the Spanish colonial empire.
Havana became a colonial metropolis, communicating to all other cities in the
Iberian world. The island of Cuba was also closely related to the non-Spanish colo-
nies of the Caribbean. The relationships established during the colonial period per-
sisted even after the independence of the Spanish-American nations. During the
nineteenth century, commercial, cultural and political contacts to the United States
increased considerably under Spanish colonial rule.

The early history of science in Cuba was closely connected to the history of its
role as a colonial metropolis. The intellectual and political climate on the island was
shaped by a continuous exchange with other parts of the Americas and with Europe.
In Cuba, a rich and cosmopolitan aristocracy belonged to a worldwide exchange
network transgressing the imperial frontiers.

The Cuban aristocracy relied on the so-called sugar-capitalism, a conjunction of
capitalism, slavery and advanced technologies. But Cuba’s impressive technological
advance in the nineteenth century was not accompanied by an equally strong
development in the educational and academic system, since such developments
were opposed by Spanish colonial rule. Nevertheless, the worldwide diffusion of
scientific knowledge in the eighteenth century and the ideals of the Enlightenment
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associated with it also affected Cuba. A constant migration of young Cubans to
Europe and the United States, as well as the economic and social development of
the island over the course of the nineteenth century also created new possibilities for
the production and dissemination of knowledge.

These global connections persisted even after Cuba, beginning in the mid-
nineteenth century and more strongly after its independence in 1898, became
increasingly dependent, both politically and economically, on the United States.
However, Cuba was never completely dominated by these influences and succeeded
in maintaining intellectual networks outside their spheres. As a result, Cuba was open
to the appropriation of global cultural and intellectual developments and in turn was
able to disseminate its own achievements worldwide. The idea behind this volume
on the history of physics in Cuba is to contribute to the reconstruction of this global
entanglement of knowledge.

In this sense, the volume is a pioneering step toward providing a detailed account
of global entanglements in the history of science by focusing on the global related-
ness of one discipline in one country. Especially after the Cuban revolution of 1959,
connections to the USSR and the Eastern European countries formed the basis for a
co-evolutionary process that involved both local advances and the generous foreign
support of physics research in Cuba.

During the last years, an anachronistic situation has evolved that weighs heavily
on the future development of science in Cuba in a globalizing world. The United
States’ politics of blockade continues to represent a major obstacle: two major laws
passed during the last two decades effectively restrain commerce and the exchange
of information between Cuba and other countries. Meanwhile, the Internet and open
access to scientific information have become an ever more crucial condition for the
development of science. One of the starting points for our interest in the development
of Cuban science was in fact the encounter between one of us (JR) and Professor
Fidel Castro Diaz-Balart on the occasion of the conference on “The Role of Science
in the Information Society” (RSIS) held in Geneva from 10-12 December 2003 in
support of the role of open access. Consequently, the Cuban Society of Physics,
headed at that time by Professor Oswaldo de Melo, became one of the first institu-
tions on the American continent to sign the Berlin Declaration on Open Access to
Knowledge in the Sciences and Humanities (http://openaccess.mpg.de/286432/
Berlin-Declaration). The complex political and technological history of the
establishment and usage of the new media in Cuba has itself now become an active
subject of research, undertaken by scholars such as Bert Hoffmann (2004, 2012).

This volume appears in the context of a process of rethinking Cuban history in a
global environment. Until very recently, the linear development from colonial and
imperial subjugation to the Revolucion competed with a rather marginal historiog-
raphy that regarded these periods in their own right and not just as episodes in a
one-dimensional historical account. New interpretations now commonly emphasize
the autonomy of Cuba—at least for the time after the revolution. Here, the need for
Soviet aid from the 1960s on, for instance, is contrasted with autonomy in both
internal development and foreign policy. These studies emphasize the uniqueness of
Cuba, supposedly impermeable to penetrative influences from the outside. Global
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history, in contrast, would demand the location of Cuba in a global environment that
is defined neither by its hermetic confinement, nor by exclusive bilateral relations
with Spain, the United States or the Soviet Union, but rather by multilateral entan-
glements. These different viewpoints promise to trigger interesting discussions
about the relation between local and global epistemic traditions.

As the only participants in this project who are mere observers of the Cuban history
of physics, we would like to express our gratitude and respect for all those who in past
years have not only made this history, but also engaged in its writing. We consider it a
privilege to have been able to work with our co-editor, Angelo Baracca, in bringing this
volume together. He has not only initiated it and created the basis for its realization, but
over many years has himself also been actively involved in Cuban physics, as a pas-
sionate participant-observer, so to speak. Since we do not share his first-hand experi-
ences, our role was rather, together with Lindy Divarci, to act as midwives in helping
to turn the available materials into a book. Nevertheless, also for us, the histories of
Cuba and of Cuban physics have become a passion that we will continue to pursue.

Berlin, Germany Jiirgen Renn
Helge Wendt
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Chapter 1
A Short Introduction to this Volume

Angelo Baracca, Jiirgen Renn, and Helge Wendt

The history of physics in Cuba comprises two centuries of intensively interrelated
processes in politics, society, science and worldwide communications. The evolution
of physics as a discipline since the early nineteenth century may serve as a focal lens
for studying the developments in Cuban society in a global context. At the eve of the
1959 Revolution, the new physics of the twentieth century was not widely known,
nor taught, in Cuba and scientific research scarcely existed in its universities. It is
only in the past half century that Cuba has built up an advanced scientific system.

To a broader public, the high level of Cuban science in biotechnologies, immu-
nology and medicine is well known. But scientific development also took off very
quickly in physics, achieving impressive results within the first 15 years after the
Revolution. One may imagine that such a rapid take off and development was due
exclusively to the far-reaching collaboration with—and support from—the USSR
and other Socialist countries. It is true that this factor should not be underestimated.
Hundreds of Cuban physicists graduated, specialized and worked in the prestigious
scientific institutions of the USSR. Nevertheless, the contributions to this volume
show that in the beginning many Western physicists also played a fundamental role.
During various periods, they visited the newly founded School of Physics of the
University of Havana and promoted initiatives in higher education and scientific
research, such as the summer schools. Collaboration with the USSR and the Socialist
countries grew gradually and assumed a significant role only from the 1970s on.
Cuban physicists, however, never severed ties nor terminated their collaborations
with Western colleagues and institutions, a circumstance that has played an impor-
tant role.

A. Baracca (<)
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Another original aspect that must be considered in the scientific development in
Cuba since the 1960s is that the strategies for this development were not simply
copied or imported from more advanced countries. There was a lively debate within
the Cuban scientific community (and with foreign Western advisers), inspired by
the requirement that research should relate directly to the economic and social
development of the country.

This volume presents the history of one scientific discipline in one country,
from its origins in the early nineteenth century up to the present time. This task was
facilitated by both the relatively short historical period of this development and the
relatively limited size of the Cuban community of the physicists. Nevertheless, we
hope to present a pioneering volume that depicts the development of a scientific
community in an international context over a period of 200 years.

The Structure of the Volume

The contributions to the volume are organized in four parts. They are preceded
with a personal introduction by Angelo Baracca to Cuban society with all of its
complex and multifaceted aspects. This is an attempt to help the reader with little
or no knowledge of Cuba to position the developments discussed in the volume
within the lively historical and social reality. It is followed by a short critical bibli-
ography compiled by Duccio Basosi that aims to suggest further reading for the
non-specialist. A short biography of all of the authors who contributed to this vol-
ume is also included.

The first part of the volume includes several contributions that reconstruct the
different stages of the history of physics in Cuba, from its beginnings in the late
colonial era to the present. The first contribution by José Altshuler and Angelo
Baracca gives an overview of the development from the late eighteenth century on.
The second contribution by José Altshuler deals in more detail with the beginning
of the systematic teaching of physics from the 1920s to the end of the 1950s. The
third contribution by Angelo Baracca, Victor Fajer and Carlos Rodriguez
Castellanos treats the development of physics after 1959, covering the foundation
of various institutions as well as international cooperation, mostly with countries
of the former Eastern bloc. In their contribution, Carlos R. Handy and Carlos
Trallero-Giner give a detailed overview of the achievements of Cuban physics after
1959, dealing with research as well as with education. The contribution by Luis M.
Méndez Pérez and Carlos A. Cabal Mirabal describes how the University of
Oriente in Santiago de Cuba, founded in 1947, became an important center of
teaching and research in physics from the 1960s on. In his contribution, Diego de
Jestis Alamino Ortega studies the training of physics teachers in Cuba from the
colonial period on, with a focus on pedagogical efforts undertaken after the revolu-
tion. The paper by Isarelis Pérez Ones and Jorge Nufiez Jover, reprinted from
Science and Public Policy, discusses some of the political strategies of technologi-
cal innovation and the development of physics in Cuba in the 1980s and 1990s.
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The second part of the volume comprises testimonies of Cuban physicists, who
offer lively insights from the perspective of the actors themselves. The first contri-
bution is an interview by Angelo Baracca with Hugo Pérez Roja, focusing on the
advancement of physics in the 1960s and 1970s. In a second interview, Melquiades
de Dios Leyva reports on the changes after the revolution in the teaching of physics,
on the international engagement of Cuban physicists and on the opening up of
academic career opportunities for Cubans from the poor population who previously
had no opportunities at all. In her contribution, Elena Vigil Santos discusses the
development of semiconductor physics in the framework of Cuban engagement in
the COMECON program Intercosmos. This program is the object of a more
extended essay by José Altshuler, Ocatvio Calzadilla Amaya, Federico Falcon, Juan
E. Fuentes, Jorge Lodos and Elena Vigil Santos. Oscar Arés Muzio and Ernesto
Altshuler discuss the history of the synthesis of a superconductor at the University
of Havana in the 1980s. Oscar Sotolongo-Costa in his contribution describes the
emergence of the physics of complex systems in Cuba as a response to both an
international trend and the need for ways of doing research in Cuba during the eco-
nomic crisis of the 1990s. The contribution by Carlos A Cabral Mirabal discusses
the development of the Magnetic Resonance Project during the 1990s. Carlos
Rodgriguez Castellanos draws a conclusion for the present of the ongoing develop-
ment of nanoscience and nanotechnology in the national and international frame-
work. Osvaldo de Melo Pereira and Maria Sdnchez Colina report on the development
of physics education at the University of Havana and include a detailed overview
over the topics and the number of students from the 1960s on. The contribution by
Olimpia Arias de Fuentes is a gender study on the role of female students and
researchers in Cuban physics.

The third part of the volume presents a series of testimonies by foreign physi-
cists, some of whom were directly involved in developing Cuban physics, in par-
ticular in the development of teaching and research activities in the early years of
the Escuela de Fisica. The first contribution is by Theodore Veltfort who passed
away in 2008. A US engineer who took part in the Spanish Civil War, Veltfort spent
many years at the Escuela de Fisica in Havana during the early 1960s, actively
contributing to updating courses and developing the first research projects on solid-
state apparatus before the first Cuban physicists returned from the Soviet Union to
Cuba. The second contribution by the Argentine physicist Dina Waisman is a reprint
of the obituary of the Italian solid-state physicist Andrea Levialdi, an anti-Fascist
who spent many years in exile in Argentina. Levialdi supported an ambitious pro-
gram of research at the Escuela de Fisica in Havana in the 1960s, but his projects
were interrupted by his premature death. Roberto Fieschi’s contribution reports on
the close cooperation between the University of Parma and the University of
Havana, which had been arranged by Levialdi. The subsequent articles focus on
other partnerships between Cuban and European physicists and universities. The
contribution by Jacqueline Cernogora, a member of the “Comité de Liaison
Scientifique et Universitaire France-Cuba”, deals with the Esculeas de Verano
(summer schools) between the end of the 1960s and the early 1970s. Fabrizio
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Leccabue, former researcher at the Italian Consiglio Nazionale delle Ricerche
(National Research Council) in Parma, deals in his contribution with the collaboration
of the Universities of Parma and Havana between 1970 and 2000. Helge Wendt
depicts the first cooperation between the newly founded Academy of Science of
Havana and the Academy of the German Democratic Republic (GDR) between
1965 and 1975. In his contribution, Federico Garcia Moliner, a Spanish solid-state
physicist, offers recollections of his collaborations at the University of Havana. The
next two contributions are reprinted from the American Physical Society News
(2002). The first is by Marcelo Alonso, a leading Cuban physicist in the 1940s. After
the revolution, he left Cuba and did not return to the island for many decades. In his
contribution, he reviews the development of the last decades of Cuban physics and
endorsed a rapprochement between the US-American and Cuban physicist com-
munities. The contribution by Irving A. Lerch discusses the first steps of collabora-
tion between the American Physics Society and various Cuban physicists. The
personal testimony by Carlos R. Handy, currently professor of physics at Texas
Southern University in Houston, also deals with relations between US-American
and Cuban physicists from the 1980s on. The contribution by Maria C. Tamargo
discusses contacts between physicists from the US and from Cuba on the occasion
of international conferences and workshops since 1995. The contribution by
Rosalind Reid and Brian Hayes show the problems in doing research in different
fields of physics at different institutions since the early 1990s.

The two contributions of the fourth part of the volume deal with some of the
conditions for publishing scientific research in Cuba. The first contribution is a bib-
liometric study performed by Werner Marx and Manuel Cardona on Cuban publica-
tions from the late 1950s to the current time. The second contribution by Ernesto
Altshuler reviews the last two decades of publishing activities of Cuban physicists
in national and international journals.
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Chapter 2

The Cuban “Exception”: The Development
of an Advanced Scientific System

in an Underdeveloped Country

Angelo Baracca

This island is a paradise. Cuba. If I am lost, look for me
in Andalucia or in Cuba.

(Federico Garcia Lorca)

Cubanity does not lie in showy touristic attractions, but in

an ineffable underground tenderness, a being-not-being,

the waving of the breeze, a certain lack of definition, a mixture
of the earthly and the stellar. The most solid Cuban tradition
may be looking forward to the future. Few peoples of America
have been as determined to leap into the future so violently,
with a shock of premonition. That is why there is a certain
convergence of the generations. We are all marching towards
a goal, somewhat distant and uncertain. This vagueness is
convenient, it enriches us because it is limitless. Cuban means
possibility, fantasy, fever for the future. We need to spread
this character throughout the world.

(José Lezama Lima)

Given that man has come in order to live, education has to
prepare for living In the school it must be learned how to
handle the powers of struggles in a lifetime. They should not be
called schools, but workshops. And the quill should be used in
the afternoons, while in the mornings, the hoe.

(José Marti)
A. Baracca ()
Department of Physics, University of Florence, Florence, Italy
e-mail: baracca@fi.infn.it
A. Baracca et al. (eds.), The History of Physics in Cuba, Boston Studies 9

in the Philosophy and History of Science 304, DOI 10.1007/978-94-017-8041-4_2,
© Springer Science+Business Media Dordrecht 2014


mailto:baracca@fi.infn.it

10 A. Baracca

2.1 Physics in a Difficult Environment

2.1.1 Cuban Exceptionalism

Science, education, politics, social development and economics are today considered
to be highly interdependent. Although none of these factors can exist alone, they
have nevertheless often been considered in isolation from each other or studies of
their interactions have been confined to the consideration of more or less local con-
texts. When it comes to studying the history of physics in Cuba, however, it is
inconceivable to separate scientific developments from their social, political, and cul-
tural contexts. As this volume shows, the history of physics in Cuba cannot just
focus on local contexts since it is closely entangled with global history, from colo-
nialism to the Cold War.

In this sense, also the history of Cuban physics displays the features of interna-
tional entanglement, sometimes visible and sometimes latent, of other aspects of
Cuban history, from music to politics. Cuba is a strip of land covering less than a
thousandth of the earth’s surface and counting roughly two-thousandths of the
world’s population. Yet few places or peoples in the world can boast a comparable
capacity to excite strong passions and emotions and also to exert cultural influence
in every field, permeating—at times explicitly, more often in hidden, indirect or
even unconscious ways—styles, tastes and trends. Cuba is a melting pot of ethnic
and cultural influences from three continents and civilizations. Over the course of
the century this shaped and strengthened a peculiar kind of national and cultural
consciousness. Starting with the Grupo Renovacion, Cuban music was spread
worldwide by musicians like Argeliers Le6n (1918-1991) and Harold Gramatges
(1918-2008) and by celebrated performers like Benny Moré (1919-1963), the Trio
Matamoros and Enrique Jorrin (the inventor of the cha-cha-cha). It was in the
1930s that Joseito Ferndndez (1908-1979) composed the world-famous song
Guantanamera (which the North American composer Pete Seeger (born in 1919)
adapted to verses by José Marti in the 1960s). In 1959 the victory of the Revolution
on the small island of Cuba (which at the time had only six million inhabitants)
introduced a clamorous rupture in the delicate world balance that had come into
being at the end of the Korean War and that characterized the Cold War decades.
Not only in the context of Latin American political emancipation but also in many
other fields, Cuba played a disproportionally large role compared to its size.

In this volume only the history since the beginning of the nineteenth century will
be considered, when Cuba was still under Spanish colonial dominion. Here some of
the interdependence of science with economy and politics becomes obvious for the
first time, when, for instance, the sugar industry exported more and more to the
United States and, as a consequence, the azucareros sought for new scientific meth-
ods of sugar production. In this situation Cuba gradually detached itself from Spain
and turned to the large and expansive northern neighbor. When by the end of the
nineteenth century Cuba declared its independence from Spain it was rear-covered
by Washington. This national liberation quickly entailed a new dependence—now it
was the United States that dictated laws and economic measures. These first decades
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of the twentieth century were characterized by a radicalization that was not
confined to the field of politics but also affected developments in education, science,
economy and social politics. This radicalization, together with the consolidation of a
middle class benefitting from new economic opportunities beyond the sugar industry,
led to the birth of revolutionary movements. The outbreak of the revolution of 1958
was the result of economic stagnation, a deficit in education politics, intellectual
criticism and political struggles.

Over the course of the last five centuries Cuba constituted an exception, an
atypical case lying outside of traditional classifications taking national histories as
their paradigm. We must underlie that our use of terms such as “exception,” “excep-
tionalism” referred to Cuba does not imply any value judgment, nor reflect special
sympathies, but correspond to concrete differences in his history and cultural and
social reality with respect to any other (not only Latin American) country. The his-
tory of Cuba also constituted an exception in comparison with that of the other
Spanish colonies in Latin America and the Caribbean. In a world that has become,
since the Spanish expansion and colonial rule, increasingly globalized (Gruzinski
2004), Cuba has played a central role in many different aspects. It has served and
continues to serve as a focal lens in particular for the cultural and intellectual pro-
cesses accompanying globalization. In fact in Cuba people, customs, cultures, reli-
gious beliefs and even knowledge was mixed, giving way to synergisms that thus
provided the basis for the concept of “transculturation” coined by Cuban sociologist
Fernando Ortiz (1881-1969).

Ortiz developed the concept of ‘transculturation’ in 1941 to account for the
interpretation of Spanish and African cultural influences in Cuban national identity
that acknowledged the ongoing influence of the customs, traditions, and cultures of
all those partaking in scenarios of cross-cultural contact and exchange. Ortiz insisted
on the reciprocal influence that various groups have on each other in the creation of
a new national identity (see e.g. Millington 2005). As Ortiz writes:

because this process does not consist exclusively in acquiring another culture,' [...] rather, the
process also necessarily implies the loss or uprooting of an original culture, which could be
termed a partial deculturation, as well as the consequent creation of new cultural phenomena
which could be described in terms of a neoculturation. (Ortiz 1995 [1947], 102-103)

This concept reflects the international situation of Cuba coming out of a long
history of colonial and imperial domination and later inspired concepts such as
Creolization (Otto 2007), mestizaje and Postcolonialism (Shih and Lionnet 2011),
relevant also to current references in history of science (Anderson 2009).

The aim of the volume is to show that Cuba’s exceptionality is not limited to
such broader cultural questions, but instead comprises also knowledge, the natural
sciences, and in particular physics. The articles collected in this volume show the
rich history of Cuba’s exceptionality regarding scientific developments. We shall limit
ourselves to the field of physics, in which styles of work, methodological approaches
and conceptual contents have undergone substantial homologation all over the world
by now. Still, we feel that the reader will recognize some quite decidedly characteristic

!'This is what the Anglo-American word ‘acculturation’ actually means.
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features in Cuban physics, as part of an international science. Physics as practiced in
Cuba has displayed an exceptional plasticity in its capability to adapt to an often
improvised technological infrastructure, in its ability to respond to specific social
and economic needs, but also in its openness towards diverse traditions and schools
of research and, not the least, in its inventiveness of ways to integrate physics into
the concert of a variety of disciplines without an agenda of hegemony.

Some examples may help to capture the spirit of this plasticity. At the end of the
1960s, shortly after the revolution, Cuban physicists combined advanced nuclear
technology of Russian provenance with a new silicium technology introduced by
French physicists in summer schools to advance in the field of microelectronics.?
In more recent years, Cuban physicists improvised means for exploring the newly
discovered phenomenon of superconductivity at high temperatures for ceramic
materials and developed a new advanced research activity in this field.* The heavy
burden imposed by the lack of funding and equipment due to the isolation of the
country after the breakdown of the Soviet empire has been taken by Cuban physi-
cists as a challenge to tackle new problems “under conditions of high tropicality”
such as the collective behavior of ants or the movement of sand,* relying on modest
material means and uncommon inventiveness.

There is another exceptional feature in the relation to science and society in
Cuba. The percentage of university graduates and physicians in the Cuban popula-
tion and the overall level of their scientific training have no equals among other
underdeveloped countries (Hoffmann 2004, 166—168).° The country boasts consid-
erable technical-scientific potential: there is a mid-level technician for every 8
workers, a university graduate for every 15; there are over 160 centers of scientific
research, and 1.05 technologists and researchers for every 1000 economically active
inhabitants (the latter amounts to 5.5 million): in 2011, 4.618 full-time researchers
and 58.700 professors in higher education.® These indicators are comparable to
those in many highly developed nations and there are branches of knowledge, such
as biotechnology, whose development in Cuba is well known beyond its borders.

To sum up, the interest of Cuba for science lies in the fact that it represents an
exceptional, and perhaps unique, case of development of an advanced scientific system
in a developing country, and what is more one with an extremely small population
and economy. This is all the more exceptional if we add that this development has
taken place in a few decades, as the case of physics treated in this volume demon-
strates. Physics in Cuba was for a long time a rather marginal discipline in the
Cuban scientific community and still today physicists are only a small part of it.
Nevertheless, physics always acted as a backbone of intellectual life and has pro-
vided many other sciences with scholars, methods and scientific approaches that
were important for the further development of Cuban sciences such as medicine,

2See the chapters by Baracca, Fajer and Rodriguez, and by Cernogora in this volume.
3See the chapter by Arés Muzio and Altshuler in this volume.

4See the chapter by Sotolongo Costa in this volume. See also the homepage of Ernesto Altshuler:
http://www.complexperiments.net/EAltshuler/HomeAlt.htm. Accessed October 18, 2013.

3See the chapter by de Melo Pereira and Sénchez Colina in this volume.
Shttp://www.one.cu
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biotechnology, or the nanosciences. Physics is a good example to study this process
also in an international context, as this science is highly dependent on the an inter-
national communication of research results, on well-equipped laboratories with
instruments made in different countries and on the exchange of well-trained experts.
We therefore consider the importance of the history of physics in Cuba as a case
study of science in an international context. This volume illustrates ways in which
international flows of scientific knowledge and an international political situations
and the “local” scientific and political circumstances interacted.

Science in Cuba has represented, since the beginning of the nineteenth century,
time and again, a field of emancipation from colonial and imperial submission.
Even more, throughout the Cuban history of the late nineteenth and twentieth centu-
ries important figures as Félix Varela (1788-1853), José Marti (1853—1895), Enrique
José Varona (1849-1933) or Manuel Gran (1893—-1962) were conscious of the fact
that political independence had to be accompanied by an autonomous development
of scientific education and research. While Simén Bolivar (1783-1830) still relied
on Enlightenment ideas of education, considering it as an individual form of lib-
eration (Briggs 2010, 99-106), José Marti was inspired by US-American and
British models. He envisaged education as a crucial factor in the formation of the
Cuban nation, independent from Spanish and US educational systems (Quiroz 2006).
In Marti’s perspective Cuba could achieve real independence only when the neces-
sary skills were developed to overhaul the economic, political, social and technical
underdevelopment inherited from the Spanish colonial regime.

The situation of the sciences in Cuba before the Revolution of 1959 depended
on social and political conditions that inhibited the technological and scientific
evolution of the country. The majority of the Cuban economic and political elites as
well as foreign powers exploited the island and had no interest in any kind of auton-
omous development. This situation lasted over the times of Spanish colonial and
US-American imperial domination, during which an elite of sugar producers
impeded a real advancement of the society, especially that of science (Bravo 2001).
However, the take-off of Cuban sciences after the Revolution would not have
been possible without a minimal scientific infrastructure and trained personal.
These achievements were the result of the development of a middle class and also a
working class interested in the economic advancement of the country.

The social and economic circumstances fostered technological and scientific
development, even against the will of the Spanish colonial regime. Looking for
practical solutions, a cooperation between entrepreneurs and technicians established
an international network and became a sort of a backbone of intellectual life on the
island, as is shown by José Altshuler and Angelo Baracca,’” before playing an important
role in the industrial development from 1963 on.?

Studies of the history of physics in Cuba and its an international contexts are
still in their infancy. This volume brings together, as a first step toward a more
comprehensive account, some pioneering work also directly involving Cuban scholars,
as well as interviews with protagonists, resulting in first attempts at a systematic

7See the chapter by Altshuler and Baracca in this volume.
8See the chapter by Baracca, Fajer and Rodriguez in this volume.
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treatment of entire historical periods before and after the revolution. This material is
complemented by recollections and reflections from both the inside and the outside,
from Cuban physicists and their foreign collaborators, and also by glimpses into the
conditions and impact of scientific work and communication in Cuba.

The political situation that still persists in Cuba makes it difficult to write a
history that is free from political implications, as historical accounts not influenced
by current political and ideological situations are hardly achievable. The result is
unavoidably a kind of political history, and may be biased by a lack of distance to
historical events that are still closely connected with the present.

2.2 Contradictions and Developments of Cuban Economy,
Culture and Science in Late Colonial Times

Though poor in precious natural resources, especially metallic minerals, and with
the exception of sugar lacking important processing industries, Cuba was a precious
source of added value for goods thanks to its strategic geographical position, which
gave it a trade advantage as juncture for commerce between Latin America and
Europe and as time went on also with the United States. At the same time, there
seemed to be little motivation for technical and practical innovations.

In the mid-eighteenth century the 250-year-old Spanish colonial domination in
America was weakened by wars in Europe and North America. The political authority
that before seemed to be prevailing was shattered by unforeseeable events. The situ-
ation in the Caribbean changed after independence of the 13 British colonies in
1776, the French Revolution of 1789 and the subsequent independence of Haiti as
well as the Napoleonic occupation of Spain that led to the independence of Argentina
in 1810-1816, Paraguay in 1811, Venezuela in 1811-1819 (in the context of the
‘Gran Colombia’, which in 1830 was divided into Ecuador, Venezuela and
Colombia), Chile in 1818, Peru in 1821 (which Bolivia separated from in 1825) and
Mexico in 1821-1823.

Cuba did not free itself from Spanish colonial dominion until 1898, when after
the Spanish-American War the Iberian colonial power had to hand over Puerto Rico,
Cuba and the Philippines to the new emerging imperial power. Thus, during
the nineteenth century Cuba remained a Spanish colony and had to master the
challenges to site itself between the colonial dependence and the newly emerged
independent nations, mostly with United States.

2.2.1 Sugar and Tobacco in the Nineteenth Century

Cuba’s economy relied mostly on a sugar monoculture. After the Haitian revolution
of 1791 and the breakdown of its sugar production, the Cuban sugar economy was
given a decisive boost. The threat of a similar social revolution (Ferrer 2005, 67-83)
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reinforced the determination of the Cuban Creole elite’ to remain faithful to the
Spanish crown. In this way, the colonial regime survived in Cuba, even when during
the nineteenth century the dependence on the US-markets of sugar and from
US-sugar companies increased.

The already mentioned Cuban sociologist Fernando Ortiz has considered tobacco
to be the hero in Cuban society, while sugar is the villain (Ortiz 1940). Tobacco was
grown mainly in the western part of the country, where it created a middle class.
On the contrary, sugar was grown in the rest of the island and created two classes of
people: masters and slaves (Reinert 2007). Tobacco farming developed a demand
for specialized individual skills and the division of labor, since the market price
depended on the pickers’ and handlers’ ability (an expert sorter can distinguish
between 70 and 80 different types of tobacco). The sugar crop, instead, was based
on a mass of slaves and on the brute strength needed to cut the cane with a machete.
Tobacco, says Ortiz:

is wealth and intelligence, and mainly domestic capital; sugar is poverty and ignorance, and
foreign capital. In Cuba’s history sugar represents Spanish absolutism, tobacco the liberation
of the native population. Sugar has always been sustained by foreign intervention. [...]
Sugar has always preferred slave hands, tobacco free men. Sugar imported blacks with
force, tobacco fostered the voluntary immigration of white men. (Ortiz 1995 [1947], 65)

Cuba possessed a world advantage for both crops. Its tobacco was one of the
few cases of “brand-name” products in the third world. It is interesting in this
context to consider the thesis of Reinert, according to which the predominance of
sugar in the Cuban economy was a cause of its underdevelopment. Indeed, as we
shall see, though technological development was greater in sugar refining than in
cigar production, cigar producers were consistently richer than sugar producers
(here the author traces a parallel, in a certain sense reversed, with the situation of
the United States after 1930, which boasted the highest level of efficiency in the
world both in agriculture and industry, but farmers stayed poor while industrial-
ists got rich).

In effect, in the first decades of the 1800s competition from other Caribbean
islands that had increased their sugar production, along with the introduction of the
sugar beet in Europe!® and the British campaign for the elimination of the African
slave trade (Adderley 2006; Brown 2006), that Spain was forced to cease in 1821
(Blackburn 1988), caused great changes in the structure of the Cuban sugar indus-
try. Albeit the slave-economy, the owners of sugar mills invested in technological
innovations (Scott 1985, 27-28; Zeuske 2012, 39, 104), including the introduction
of steam-powered machinery and the first railroad. The number of ingenios!!

?Creole is the term given to offspring of white immigrants born in Cuba.

19For the interrelation of the global sugar market and the technological change in Cuban sugar
production, see Tomich (2005).

The term ingenio indicates the former colonial companies for processing cane to extract
sugar and its byproducts. Previously there had been the trapiche, which produced on a smaller scale.
For an overview over the principal Cuban ingenios, see Cantero et al. (2005).
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multiplied rapidly (from roughly 1,000 in 1827 to 2,000 in 1860). This economic
boom of what has been called “sugar-capitalism” (McNeill 2010, 295) or “capitalism
of humans,” i.e. capitalism of slavery (Zeuske 2012, 35) constituted a factor that
further delayed the formation of a national consciousness antagonistic to Spanish
dominion, in contrast with what happened in the rest of Latin America.

Three developments polarized the Cuban situation even further, feeding a sort of
vicious circle. Economic prosperity, linked to the single-crop sugar economy, fostered
strong resistance to any possibility of eliminating slavery; on the contrary, the demand
for slaves and the consequent illegal traffic from Africa grew. The result was that
towards the middle of the 1800s the ratio between the white population and the
population of African origin (made up of roughly 2/3 slaves and 1/3 free men) was
reversed (de la Sagra 1842; Scott 1985). This circumstance worked to worsen fears
of revolts, like in Haiti at the end of the eighteenth century or in Jamaica along the
1830s (Ferrer 1999). From the 1840s on, a high amount of Chinese came to Cuba
by the coolie trade. Even if only a little number of them stayed in Cuba after in 1874
the trade was resolved, the Chinese impact in cultural life in Cuba was for a long
time remarkable (Lopez 2004).

Because of the unstable situation related to slavery and forced work, the Creole
elite had an interest to strengthen the ties with Spanish colonial power. At the same
time, the goal of many of those Cubans who wanted to put an end to Spanish domi-
nation was translated into a desire to be annexed to the United States, which embod-
ied the ideal of a free modern country.

2.2.2 The Role of Sugar in Making Cuba Dependent
on the US for Its Modernization

It is relevant to make some general observations at this point about how deeply
the sugar economy conditioned and determined Cuba’s entire history, economy
and society. Sugar was not only the most important export good of Cuba, but also
a motor for modernizing the country’s technology, even when socially and politi-
cally this meant that Cuban social structure should remain backward as has been
partly shown before. At the end of the nineteenth century the US-companies
bought the majority of Cuban sugar production but invested in new forms of
production. The Cuban economy was ever more oriented towards the United
States, which absorbed the majority of Cuban exports (about 17 % in 1840, 86 %
in 1895); US capital invested in Cuba also increased. This was also one reason
why the ingenios sugar producers yielded to the greater productive capacity of
the centrales.

Thus, US economic penetration of Cuba had been growing from the start of the
century. Already in 1826 the volume of Cuban trade with the U.S. was almost three
times greater than its trade with Spain. (Ramén de la Sagra 1831, 200-205). This was
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the reflection of a growing presence of North American capital in the Cuban economy,
which led to the ownership and control of vast parts of its productive structure. As
an authority like Fernando Ortiz emphatically claims:

in 1850 this country’s trade with the United States exceeded that with the Spanish metropolis
and the United States definitively assumed its natural geographical condition of buyer
for nearby Cuban products, but also its privilege as economic metropolis. Already in 1881
the United States Consul General in Havana officially wrote that Cuba was economically
dependent on the United States, even if politically it was still held by Spain. (Ortiz 1995
[1947], 64)

2.2.3 Technological Developments During
the Nineteenth Century

In this context it may come as a surprise that in the course of the nineteenth century
Cuba experienced the introduction of advanced innovative technologies very early
on, earlier not only than the mother country but also than other, more developed
countries. This, in fact, constitutes another aspect of Cuban exceptionality. Examples
are the introduction of the steam engine in the frapiche'? as early as 1817, the first
railroad for transporting goods between Havana and the village of Giiines (46 km)
in 1837, and the precocious development of advanced communication technology
(Blaquier 2009; Baracca 2009).

The Cuban railway developed parallel to the sugar industry and telephone lines
followed the train tracks (Blaquier 2009). The first railway was important to trans-
port sugar and possibly also slaves (Zeuske 2012), as well as to explore remote
parts of the island. Miquel Biada i Bunyol, who had a close relationship with the
governor Miguel Tacén y Rosique (1755-1855), promoted the first railway in a
Spanish territory that was inaugurated in 1837. He after this success returned to
Catalonia, where he promoted the first European Spanish railroad from Mataré to
Barcelona. Another migrant to Cuba was Antonio Lépez y Lépez, who promoted
maritime steamship connections from Cuba to Spain (McDonogh 2009, 64). Such
technical development on the island depended largely on Spanish investments. But
its realization was more easily possible in the Cuban political environment, where
the Creole elite was open to support such projects. They afterwards expanded the
railway network in the Middle and Western parts of the island, while in the Eastern
regions much less effort was made (Santamaria Garcia and Garcia Alvarez 2004,
170-172).

The telegraph played an important role during the Ten Years’ War (1868—1878),
when the interception of dispatches allowed the revolutionaries to avoid early arrest
of the leaders of the revolt, while during its military intervention of 1898 the United

12The trapiche were colonial sugar plants for processing sugarcane.
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States made early experiments with techniques for cutting underwater cables to
isolate the Spanish army (Pruna Goodgall 2005, 227). It is therefore understandable
that the Island felt the need for advanced scientific knowledge, modern higher
education and new technical engineering competence only much later. Cuba’s need
for the development of railways, communication and information technologies, and
the fight against tropical diseases is evident. It may also be supposed that Spain’s
scientific and technological backwardness and its pre-capitalistic, purely exploit-
ative attitude towards its colonies created a further obstacle to Cuba’s scientific
development, at the same time as it contributed to the decline of Spain itself.

Also other infrastructures were renewed during the nineteenth century. The
entire military defense system was reinforced in order to prevent an invasion as in
1762, when the British navy could have taken quite easily the harbor of Havana and
occupied the town. Besides the buildings and the armaments the geographical
knowledge of the Cuban island and the surrounding waters were improved, for
instance by the cartography project of José de Valcourt undertook between 1821 and
1830. The map was the basis to build further defense fortification at the rim of the
island as well as on surrounding islands (Nadal 1989, 329-356).

To these can be added the preliminary experiments on the telephone carried out
in 1849 by the Italian Antonio Meucci in the Teatro Tacén of Havana (Ortiz 1940;
Catania 1994, 2004; Altshuler and Diaz Martin 1999, 2004), the start-up of the first
public telephone service in Havana in 1882 (Gonzdlez Royo 2004) and the first
public illumination systems (Altshuler and Gonzélez 1997). Cuba had also been a
shipbuilding power; indeed, until the Battle of Trafalgar (1805) the most powerful
Spanish ships were built in Havana.

2.2.4 Education and Intellectual Life in Cuba
in the Nineteenth Century

In the nineteenth century, a contradictory situation arose which characterized Cuban
society. Important technological advances were made, but were not reflected in the
educational and the intellectual life of the country. The growth of more specific
scientific disciplines, in particular chemistry, physics and engineering, remained
slow, though they had made significant progress in other Central American coun-
tries. This contradiction can be explained on the basis of the peculiar Cuban colonial
status we have discussed (Baracca 2009). The growth of the economy and commer-
cial exchanges, in fact, boosted the need of advanced communication systems and
production technologies. As we shall also see below, the progress made in Cuba in
the field of medicine since the beginning of the nineteenth century, was greater than
that of other colonies, and comparable to the level of medical knowledge and prac-
tice in more developed countries. In contrast to these noteworthy developments in
technical progress, as well as in the medical and applied natural sciences, the
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Spanish colonial rule and the fears of the Creole elite strongly opposed and
prevented comparable progress in education and basic sciences.

Indeed, the most advanced sectors of Cuban intellectuality (and some progressive
sector of the church) expressed the need of a scientific renovation: the priest Félix
Varela (1787-1853), under the enlightened and progressive direction of Bishop
Juan José Diaz de Espada (1756-1832), introduced as early as in 1817 modern con-
tents of physics. However, the Spanish royal power in the motherland strongly
opposed and prevented the further and full development of a modern education
system, until the end of the colonial Spanish rule in 1900. During the second half of
the nineteenth century, progressive and conservative circles could not agree on the
question of how much education was required. While the Spanish conservatives
rejected the initiatives of progressive Creoles, freed blacks and anarchist organiza-
tions, these latter groups tried to establish an educational infrastructure in partial
opposition to the colonial institutions (Casanovas Codina 1998).

Earlier, at the beginning of the nineteenth century, the Catholic priest, Félix
Varela who is said to have first taught Cubans to think, carried on educational work
of fundamental importance, introducing the innovating spirit of the enlightenment
in Cuba, as we shall see in the first contributions to this collection. Elected in 1822
as a representative to the Spanish Cortes, he voted in favor of partial autonomy from
Spain and during his stay in Spain, wrote an influential treatise in favor of the aboli-
tion of slavery (Los restos del padre Varela 1955). With the restoration of absolut-
ism under Fernando VII in 1823 he was forced to seek refuge in the United States
and came to the conclusion that full independence was the only solution. Varela
shared the destiny of exile with other intellectuals of this time, as José Marfa Heredia
(1803-1839), the first great Cuban poet.

After such promising innovation, Varela’s fellows tried to develop his premises.
All throughout the nineteenth century Creole elites in Cuba practiced a deeply
rooted racism, which also had an impact on the educational system. For the entire
first half of the nineteenth century there was no universal school system and where
schools did exist they were limited to elementary education. The literacy rate was
very low: only about 19 % of the white population knew how to read and write and
hardly 2 % of colored people were literate (Melcon Beltran 1989). In 1857 the first
governmental Escuela Normal, or primary school, was founded, but in general edu-
cation remained or was given back into the hands of religious orders (Melcén
Beltran 1989, 282). In the second half of the century provincial secondary schools
(de Segunda Enserianza) were created, but they had almost no funding. And while
despite the commitment of its teaching staff the University of Havana languished in
the indifference of the metropolis, several private colleges were born. In the coun-
tryside and among the colored population education was almost nonexistent. At the
same time, the melting pot of ethnic groups and influences from all over the world
(there were thousands of Chinese immigrants and French immigrants from Haiti
and Louisiana) created fertile terrain for lively cultural manifestations. The periodi-
cal press flourished and a varied literature illustrated the features, figures and prob-
lems that characterized the island.
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2.2.5 Academy of Science and Medicine

In contrast with the languishing situation of the education system and of the basic
sciences, in the fields of medicine and natural sciences, during the course of the
nineteenth century Cuba boasted renowned practitioners who made decisive contri-
butions to the problems of a tropical country.!* Here we will name only the most
authoritative of these (Garcia Blanco 2002; Pruna Goodgall 2006), some of them
studied for some years in Europe. Many were pupils of Félix Varela at the San
Carols Seminar and all belonged to the progressive part of Cuban society. In 1803
the physician Tomas Romay (1764-1849) introduced the anti-smallpox vaccine.
The naturalist Felipe Poey (1799—1891), who in the last years of his life abandoned
his religious faith to embrace evolutionary theories, (Pruna Goodgall 1999), docu-
mented Cuban fauna and in 1877 founded the Sociedad Antropoldgica
(Anthropological Society). After completing a PhD in Paris, Alvaro Reynoso
(1827-1888) carried out fundamental research applying physiological chemistry to
agriculture, and proposed a scientific system based on the physics and chemistry of
soils for the cultivation of sugarcane. (Fernandez Prieto 2005). In 1878 the researcher
and physician Carlos J. Finlay (1833-1915) formulated the “theory of the mos-
quito” as carrier of yellow fever, coming up against the opposition of doctors inter-
nationally and in the United States (with highly unedifying outcomes, as we shall
see later on). Carlos de la Torre (1858-1950) made important paleontological dis-
coveries. In light of these scientific developments, in 1861 Queen Isabella II finally
authorized the founding of the Real Academia de Ciencias Médicas, Fisicas y
Naturales de La Habana (The Royal Academy of Medical, Physical and Natural
Sciences of Havana) (Pruna Goodgall 1994, 2001, 2003, 2006), which had in vain
been proposed as early as 1826 by a series of scholars led by Tomds Romay and
Nicolés José Gutiérrez (1800—1890) as we have already noted.

2.2.6 Liberation Movements

The international situation of the nineteenth century inspired the intellectual devel-
opment in Cuba. Young Cubans who studied in France brought their acquired
knowledge back to the Cuban sugar industry. The political ideals of Europe circu-
lated among the progressive circles on the Island. In this way, Cuba became part of
the international networks of intellectual life and could react immediately to scien-
tific and political changes in Europe and the US. North American culture and life-
style, the British abolitionist movement and gender equality in the North of the
United States had its influences also on Cuban intellectual and political life. The
more liberal developments led the Cuban Creole elite identify more and more with
the slave-owning aristocracy in the US South.!* Cuba remained a radically sexist

13Some cooperation with distinguished scientific centers was established, see Garcia Gonzales (2010).

“How useful a comparative view on Cuban and southern US slavery policies is revealed in Bergad
et al. (1995).
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and male chauvinist society, where women were not allowed to attend university,
though women of color were objects of their white masters’ sexual desire and the
colored population entirely marginalized (Lamore 1980). The nineteenth-century
masterpiece of Cuban literature, Cecilia Valdés, illustrates this situation very effec-
tively. Its author, Cirilo Villaverde (1812—1894), accused of anti-Spanish conspir-
acy, spent most of his life in exile in New York. Here in 1869 his wife, Emilia
Casanova (1832-1897), founded the first patriotic association for women. Freedom-
loving and anti-racist sentiments were in fact deeply rooted among Cuban emi-
grants in the United States, whose most authoritative representative was undoubtedly
José Marti.

The Cuban national liberation movement was shaped by both internal and external
factors that determined its particular nature: the growing level of Spanish colonial
exploitation, the ever growing problem of slavery (that lasted to 1886) and the patri-
otic sentiment that had grown up among some of the landholders, especially in the
center-east of the country. Another part of the Creole social and economic elite
remained faithful to Spain, although they occupied most important posts in the
fields of administration and army (Kuethe 1986). After many months of preparation
a revolt broke out in 1868, when a civil war in the mother country had temporarily
overturned the monarchy, causing an earthquake in Cuba as well and giving the
impression of a decline of the European powers (the defeat of the French in Mexico;
the Spanish defeat in Santo Domingo in 1865; the rebellion in Puerto Rico in 1868).
Though both slaves and free blacks joined the rebels in the Ten Years’ War (1868—
1878), the question of the abolition of slavery remained open, as their participation
strengthened the rebels’ fear of an uprising (Scott 1985).

The years following the war saw the expansion of strongly capitalist elements in
Cuba, along with a process of concentration of production. The Cuban economy
was ever more oriented towards the United States, which absorbed the majority of
Cuban exports (about 17 % in 1840, 86 % in 1895); US capital invested in Cuba also
increased. Meanwhile, patriotic sentiments and national consciousness continued to
grow and, under the influence of Marti, prepared the decisive insurrection.

2.3 Cuba Between Independence, US-Interventions
and Dictatorial Regimes in the First Half
of the Twentieth Century

2.3.1 The War of Liberation and Independence
and the US Rule

After the outbreak of the 1895 War of Liberation from Spain, which also awakened
strong passions in Europe with many young men volunteering to fight for the
Cubans, the twofold military intervention of the United States in 1898 against Spain
in Cuba and in the Philippines brought an end to Spanish colonial rule, and actually
marked the beginning of the foreign politics of intervention in the world. Inside the
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US, while the black North American community held contradictory feelings towards
Cuba—racial solidarity vied with benefits deriving from participation in the war as
soldiers of the United States—the majority of the population was divided between
those favoring annexation, “English-style” forms of government, and independence.
The military intervention was perceived as a final step to reunite the country after the
divisions caused by its Civil War; its expansion westwards was resumed and partici-
pation in the imperial race with the European powers began.

With regard to the influence, or the interference, of the United States with the
countries of Latin America, we should remember that as far back as 1823 President
Monroe had resolutely affirmed the principle of U.S. hegemony over the entire
continent (“The Monroe Doctrine”), thereby excluding any further attempts on the
part of European powers to colonize the Americas, or even merely to interfere in the
politics of the newly independent states of central and south America (Foner 2004).
In 1845 John O’Sullivan coined the expression “manifest destiny”’, which was to
become an important part of US national ideology. In 1904 the Monroe Doctrine
was reaffirmed and the “Roosevelt Corollary” was added, sanctioning the right of
the United States to intervene militarily to restore order in the countries of the west-
ern hemisphere.

On January 1st 1899, the US occupation of Cuba officially began with General
John Brooke (1838-1926); the peace treaty of Paris (December 10, 1898) between
the USA and Spain excluded Cuban (as well as Philippine) representatives. The
island was thus dominated by a neo-colonial regime, which had a profound influ-
ence on internal social developments. This situation, barely differing from Spanish
domination, evidently frustrated the dynamics of development of a Cuban middle
class, as well as of the popular movements that had led to the War of Liberation.
This was true also for the intellectual and scientific milieus.

Brooke appointed some white Cubans, who had lived in exile in the US, to head
the four main government departments (Interior; Finances; Justice and Education;
Agriculture, Trade and Industry), while the economy of the island remained in US
hands. To isolate the veterans of the Liberation Army (largely men of color), among
other reasons, no Cuban army was created, but only a police force. This was to be a
source of great difficulty for the future Republic.

The military government of Leonard Wood (1860-1927), which followed
Brooke’s government in December 1899, was favorable to annexation. It adopted
the model of racial segregation that the US Supreme Court had legalized in 1896,
effectively making Cuba a practicing laboratory for US hegemony by trying out new
forms of political and economic neo-colonial dependence—the “informal” and
“benevolent” empire—with both direct and indirect forms of interference (Zeuske
and Zeuske 1998). The military government maintained Spanish law, administra-
tion and bureaucracy, while favoring the white elite and concentrating all economic
affairs in US hands. The circulation of the US Dollar was promoted and investment
of capital coming from the US was encouraged. In this way ties between the United
States and sectors of the Creole bourgeoisie were strengthened, causing profound
transformations and heightened tensions in the political, cultural and racial identity
of the occupied country.
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Foreseeing an all inclusive submission of the island’s interests to those of the US,
the first Cuban government promoted an education campaign, conceived as a way to
make the Cuban population conform to US values and standards. The war had
destroyed the majority of school buildings and the few teachers still employed were
extremely poor. The school system was reorganized on the US model and the teach-
ing of English and US history was promoted. In the framework of the effort to favor
the values of the US system, a significant initiative was taken by Wood: in the sum-
mer of 1900, 1,273 Cuban teachers were sent to Harvard University (amounting to
over half of the entire corps of elementary schoolteachers, a majority of them women).
In realty, what the Cuban schoolteachers, especially the women, gained from the US
tradition of liberty insights that reinforced their desire for independence.'

2.3.2 The Period of Enrique José Varona

The Ministry of Education and Fine Arts was assigned to the authoritative Cuban
intellectual and educator, Enrique José Varona (1849-1933). He had been a deputy
to the Spanish Cortes and a collaborator of José Marti and can be characterized as
anticlerical, favoring gradual reforms and supporting a practical, objective and
scientific approach to education. He, as José Marti, Andrés Poey Aguirre or José
Varela,'s was a positivist, supporting thus the development of science and technolo-
gies in order to industrialize the country (Pruna Goodgall 2005, 172—177). Varona
introduced a reform of secular education founded on the supremacy of public over
private schools and inspired by modern pedagogical ideas. Varona was well aware
that without radical social change and the start of a process of industrialization, the
objective of scientific-technical development was an illusion. In a letter of 15th
October 1900 he wrote to the Cuban doctor and anthropologist Luis Montané: !’

You want to know the spirit that guided me when I undertook the reform of our education
institutions. [...] I will be clear about this as you merit it to be, and open hearted. [...]
I acted in the spirit of legal defense of the people of Cuba; a defense within its possibilities
and in the field of the possible [...] When France was aware of its defeat against Germany,
it renewed its military organization copying on the German example. We have to compete
in the field of industries and in the field of sciences with the North Americans. And if we
want to avoid to be completely erased of this field we have to educate us as the Americans
do... [I] will transfer the fight to the only battlefield where we can fight. We are dealing with
a social phenomenon and the consequences of an ineludible law. The only way to avoid
the possible dangers of these consequences is to become part of the conditions producing
this phenomenon.

This reveals Varona’s great interest in the creation of technical careers in the
University of Havana, though unfortunately he did not increase the teaching of basic

15For the different opinions on Cuban independence, see Zeuske and Zeuske (1998, 419-425).
16See the chapter by Altshuler and Baracca in this volume.
170ur thanks go to José Altshuler for bringing this quote to our attention.
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sciences, such as mathematics and physics.'® This view of technological progress
being, to some degree, independent from support by an advanced scientific system,
was, at the time, widely spread even among developed countries. Even in the US a
culture of inventors (like Edison) still prevailed at the turn of the century, while
the integration of science in technical innovation processes in Germany played an
important role in fostering the “Second Industrial Revolution” (Baracca et al. 1979).
In Britain this situation that was observed with concern, giving rise to a widespread
warning for the backwardness of industry, science and higher education (Lloyd-
Jones and Lewis 1998). Crucial turning points in this situation were the First World
War, the Great Depression, the New Deal and the Second World War.

2.3.3 US-Exploitation of Cuban Sciences

The US goal to gain and maintain control dominated the scientific climate of Cuba
of the early twentieth century. As a specific example, in the question of whether
mosquitoes—as the Cuban physician Carlos J. Finlay had discovered—or bacteria
were the cause of yellow fever, the head of the US Army medical services, George
M. Sternberg (1838-1915), who strenuously opposed the “mosquito theory,” in
1899 sent a medical commission to Cuba.'” A member of this commission, Jesse
Lazear (1866-1900), in agreement with his superior, Walter Reed (1851-1902),
tested Finlay’s thesis by allowing himself to be bitten by a mosquito provided by
Finlay and died as a result of the experiment. Using Lazear’s observations, Reed
then published a work in which he credited himself with the discovery of the trans-
mission of yellow fever. After some years the scientific community finally recog-
nized the expropriation of the scientific discovery and Finlay was nominated for the
Nobel Prize (Access to the Archives of the Nobel Foundation has revealed that
Finlay was proposed for the Nobel Prize seven times before his death in 1915; the
world congresses of medical history of 1935, 1954 and 1956 recognized Finlay’s
absolute, unquestionable priority). This episode illustrates how US governmental
institutions influenced control over Cuban scientific research.

2.3.4 Between Republic, Autocratic Rule and Scientific
Advancement

The range of positions that developed inside the country, with a majority in favor of
independence and a growing awareness of the repressive nature of United States
“humanitarian” domination, made it clear that the solution of annexation would be
possible only if imposed by force. Washington therefore handled in order to leave

18 See the chapter by Altshuler and Baracca in this volume.
19On this controversy, see Cirillo (2004).
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substantial instruments of control in its own hands, imposing in 1901 the insertion
into the new republican constitution of notorious Enmienda Platt (contemporane-
ously with the Spooner Amendment for the Philippines), insuring the United States
a veto on Cuba’s foreign, military and economic policy, as well as the right of military
intervention to preserve the Island’s independence and government stability.
This Amendment had a devastating effect on Cuba’s political development and set
the stage for three US military interventions (in 1906-1909, 1912 and 1917-1923), but
it was also used by various Cuban authoritarian governments as a scarecrow against
adversaries (the interventions were partly demanded by the Cuban governments
themselves, amongst internal uprisings). Its influence was still felt even after its
abrogation in 1934.

In this framework the Republic was inaugurated on May 20, 1902, opening an
extremely tormented and contradictory period which was to last almost half century.
Despite the extremely serious problems the newborn Republic had to face, the
United States gave priority to strengthening its system of dominion, the “Cuban
experiment,” which was to serve as a model for other countries. The immigration of
whites from Spain was encouraged in order to reproduce the model of racial segre-
gation that existed in the US South® (blacks were not allowed into fashionable
public places), exasperating social contradictions (the living conditions of the
majority of farm workers were miserable). At the same time, thousands of US citi-
zens invaded the Island, flooding it with dollars, the country was obliged to open up
to US products, thereby thwarting the possibility of development of other industrial
sectors, and Cuban economy was ever more monopolized by the production and
exportation of this single crop, sugar (36 % in 1900, 92 % in 1920: in the end Cuba
was producing 28 % of the world’s cane sugar; the US purchased over 50 % of
Cuban sugar). The penetration of US financial capital (in the 1930s Cuba received
more US capital than any other Latin America country) nourished a Cuban sugar-
producing oligarchy which served as an internal prop for neo-colonial domination
and which, referring to the Enmienda Platt, used this domination as a weapon of
blackmail to solve its own contradictions.

While the political situation of the Republic continued to worsen, the presidency
of Woodrow Wilson practiced between 1911 and 1916, behind the screen of a for-
mally non-expansionist program, a kind of neo-colonialism different from European-
style occupation, stepping up the politics of intervention in the Caribbean (Mexico,
1914; Nicaragua, 1912-1925; Haiti, 1915-1934; the Dominican Republic, 1916—
1930). In 1917 the marines once again landed in Santiago de Cuba, mainly to pre-
ventively protect the US plantations from the spread of liberal insurrections.

A fleeting economic miracle during the First World War, due the rising to stars of
the price of sugar, was followed in 1920 by an economic and financial collapse, while
Cuba become a paradise of lavish business affairs for North American bankers,

20 Actually, the profound changes in the island’s social fabric created by US neo-colonial policy led
to a form of discrimination different from the segregation existing in the United States, whose
formal inspiration was a concept of “racial democracy” sanctioned by the Constitution in which
discrimination derived from the “color line.”
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entrepreneurs and speculators. The growth of social discontent and turmoil offered
Wilson the opportunity for a political rather than a military intervention, dispatching
in the island General Crowder as “proconsul” to insure the interests of US bankers.

In this climate, discontent and protests reflected the growing intolerance in
respect to US interference and led to the maturation of a new national consciousness.
Even if Cuba remained an essentially agricultural country (in 1931 nearly 50 % of its
four Million inhabitants worked in agronomy) torn by social contradictions and with
a high illiteracy rate of nearly 40 % of the population and higher still among the
colored population in 1919, the country’s physiognomy and social composition was
undergoing profound transformations. A sector of working class in production and
services was growing and acquiring consciousness. The transformations comprised
urbanization, the spread of the telephone (Altshuler and Diaz Martin 2004), com-
pletion of railway lines, public electric lighting (Altshuler and Gonzéilez 1997),
tramways, radio broadcasting and the first airborne communications. The automobile,
the radio, the cinema and advertising increased the penetration of United States culture
and values into every aspect of Cuban life and reinforced racial discrimination.

The presidency of Gerardo Machado (1871-1939), elected in 1924, as it suffocated
revolts and attempted coups, degenerated (with Crowder’s favor) into a ferocious
dictatorship inspired by Mussolini’s fascism. The dictatorship also led to radicalization
of the opposition movement. The University of Havana was the seat of the Directorio
Estudiantil, a radical association directed by Antonio Guiteras (1906—-1935). Banned
by Machado in 1927, the Directorio reformed as a secret association, but then splin-
tered into groups with different tendencies. Right-wing associations also arose, while
in 1925 a group of anarchists, socialists and communists founded the Confederacion
Nacional Obrera de Cuba (CNOC) and, inspired by the Russian Revolution, the
Communist party was born in 1925 led by Carlos Balifio (1848-1926) and Julio
Antonio Mella (1903-1929). Many of its exponents were Spaniards and Jews of East
European origin (a novelty in Cuba’s ethnic mix). In 1929 Mella, who was in exile in
Mexico, was assassinated according to Machado’s orders.

The depression that followed the 1929 crack struck Cuba violently. Economic
crisis provoked a radicalization of grassroots protest movements and in 1931 there
was an attempted general strike with insurrectional overtones, in which Antonio
Giuteras took a prominent part. In 1933, when his hope for a new United States
intervention was not met, Machado was forced to resign.

2.3.5 The Intertwinement of Social, Intellectual
and Political Growth

In these decades, mentality and the intellectual life in Cuban society underwent
deep changes. A new generation of young people took the place of the veterans of
the Liberation Army who until then had been the animating force behind social
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unrest. Sections of the working and middle classes, colored people (Bronfman
2004, 106) and above all students and intellectuals introduced a more radical inter-
pretation of the national problem, based on a reformulation of the inheritance of
José Marti and of the Mambises,*' which was heavily influenced by the revolutions
in Russia and Mexico. The University of Havana became the center of student
protest, which grew more radical under the leadership of Julio Antonio Mella.
This combination of nationalistic and revolutionary goals led to demonstrations and
rebellion. Furthermore, between 1923 and 1925 a number of influential groups were
founded, such as the Federacion de los Estudiantes Universitarios (FEU), the
Asociacion de Veteranos y Patriotas, the first feminist groups and the Cuban
Communist Party. The Junta de Renovacion Nacional, whose head was Fernando
Ortiz, launched a Manifesto of Intellectuals for the reform of civil society and the
fulfillment of the ideals of the Revolution.

However, the tormented social climate hindered the kind of commitment required
by scientific work, and at universities political struggles overshadowed even educa-
tional activity. Intellectuals mainly focused on the construction of a national identity
and became organized in groups (Zeuske and Zeuske 1998, 426-427), many of
whom were soon banned by the authorities (Bronfman 2004). At the same time the
new nationalism boosted the foundation of national scientific associations such as
the Cuban Society of engineers, to mention only one closely related to the subject
of physics (Funes Monzote 2004, 286-292).

The 1920s were years of heavily social turmoil, but also intellectually vital for
the years to come. The social ferment gave birth to an intellectual renaissance in
politics, in cultural production and scientific research. In 1921 Varona gave his
speech on “El imperialismo yanqui en Cuba” at the Academia de Ciencias. The
great writer and musicologist Alejo Carpentier (1904—1980), who had been jailed
by Machado in 1927, fled to France (a hazardous escape, using the passport of the
French poet, Robert Denos); he returned to Cuba in 1939, emigrated to Venezuela
in 1945, and returned to the Island in 1959, the year of the triumph of the Revolution.
After his early training in the school of Lombroso, Fernando Ortiz (1881-1969) set
out to search for the originality and essential traits of Afro-Cuban culture (Los
Negros Brujos, 1916; Catauro de Cubanismos, 1923; Glosario de Afronegrismos,
1924). He founded and directed several reviews and invited Federico Garcia Lorca
(1898-1936) to lecture in Cuba. At the same time, science teaching at the University
of Havana was modernized by the mathematician Pablo Miquel (1887-1944) and
the physicist Manuel Gran.? In 1927 another important scientific institution was
founded called the Finlay Institute, whose first task it was to instruct the future
clerks of sanitary administration and later on developed departments treating tropi-
cal diseases with vaccination (Pruna Goodgall 2005, 224-227).

2I'The term mambises refers to the guerrilla Cuban independence soldiers who fought against Spain
in the Ten Years War (1868-1878) and War of Independence (1895-1898).

22See the chapters by Altshuler and Baracca and by Altshuler in this volume.
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2.3.6 The Establishment of Batista’s Regime and the
Consolidation of the Revolutionary Movement

The times when revolutionary movements worked mostly underground followed
a phase of uncontrollable revolutionary furor, which was exploited by a group of
low-level non-commissioned army officers—unusual in Latin American golpes—to
stage a mutiny, the “Sergeants’ Revolt,” on September 4, 1933. The radical movement
saw this as an opportunity to intervene, in particular the student organizations,
which were divided between moderates and revolutionaries but were in fact
dominated by Guiteras, who became the most influential figure in a short-lived
radical government that nationalized the electricity company and several United
States-owned sugar companies.

It was in the context of this increasing chaos that Fulgencio Batista (1901-1973),
the most astute of the military officers, was able to exploit the situation: in 1934,
maneuvering with the US ambassador, Summer Welles (1892-1961), he took
advantage of the worsening of the crisis to gain popular favor and place the liberal
Mendiata as head of government. The United States strengthened the position of the
new president by abolishing the Enmienda Platt and signing a new treaty, which
kept the military base at Guantanamo in its possession. Yet the protest movement
did not die down, culminating in the bloody repression of the premature general
strike of March and the elimination in an ambush of Guiteras’s group, which was
preparing an expedition to launch a revolution in the east of the country.

The masses and workers’ movement (foundation of the Unidon Revolucionaria
Comunista and of the Confederacion de Trabajadores de Cuba, CTC in 1939)
renewed with a combativeness brought new challenges to an already enfeebled
political and social system.

As a response, the military organization was strengthened, obviously with the
approval of the United States, and became a parallel power directed at guaranteeing
internal stability. The same process was happening in other countries of the region,
reflecting an international climate favorable to the rise of fascist regimes in Europe.
Batista ably manipulated the seven short-lived civil governments that followed one
another from 1934 to 1940, and in the end won the 1940 elections.

The economic boom that occurred during the Second World War gave Batista’s
social-democratic government of 1940-1944 a certain degree of popularity. The
war consolidated the integration of the American continent and its economic mech-
anisms under the North American shield: between 1942 and 1947, Cuba sold the
whole of the zafras to the United States.

As it was the case after World War I the crisis had only been postponed. The
workers’ movement maintained a position of strength in the post-war situation,
when the electoral victory of the Partido Auténtico (Partido Revolucionario Cubano,
not to be confused with the Communist party) awoke great hope in 1944. However,
the wartime economic recovery had not eliminated contradictions existing between
the dependent position of the sugar companies, the various sectors of the internal
bourgeoisie and pressures coming from the lower classes.

In Cuba as elsewhere, the development of the Cold War translated into an offensive
against the Communist and workers’ movement. The moderate spirit, the subservience
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to oligarchic and imperialistic interests, the rampant corruption, the nepotism and
the proliferation of gangster bands aggravated the institutional crisis. Popular pressure
demanded greater national sovereignty and the restitution of the US military bases of
San Antonio de los Bafos and San Julidn. But the 1948 law that lowered the sugar
quotas included a clause that instituted United States retaliation against countries that
denied “fair and impartial” treatment to its citizens, trade, navigation or industry.
Between 1950 and 1952 military agreements were signed that placed Cuban armed
forces under the control of North American missions.

In the 1950s once again the Cuban bourgeoisie showed its inability to carry out
a process of national independence autonomously, a limit it was to pay dearly for in
the choices imposed after 1959 with the victory of the Revolution. Only the FEU
made some feeble attempts at resistance to Batista’s coup, but they were destined to
failure because of a lack of arms. In fact, at first the golpe was rather favorably wel-
comed, even by the Communist Party. But Batista’s politics became more and more
repressive and anti-working class, and showed to be completely dependent on
United States interests. Batista enlarged the rights of North American military per-
sonnel, broke off diplomatic relations with the Soviet Union and, with the support
of the CIA, created the Buro Represivo de Actividades Comunistas (BRAC).
Meanwhile, the balance of trade continued to worsen and the policy of public and
urban works increased public debt without improving economic conditions. In fact,
the traditional parties became Batista’s accomplices, taking part in the governments
or the elections of 1954 and 1958.

The revolutionary movement created new organizations, such as Accion
Revolucionaria Oriental, directed by Frank Pais, and Garcia Barcena’s Movimiento
Nacional Revolucionario (Ibarra 1998, 157-160). In Havana the young lawyer Fidel
Castro (born in 1926 presented a denunciation of Batista and published a manifesto
calling for mobilization; he attracted a group of young people identified as the
Juventud del Centenario de Marti, who prepared themselves for armed struggle.
In this way the assault on the Cuartel Moncada in Santiago de Cuba of 26th July
1953 was conceived. Though it was a failure in military terms, it represented a point
of no return. Fidel transformed the trial that followed into a denunciation of the
regime (La historia me absolverd). From prison he launched the Movimiento
Revolucionario 26 de Julio, and after he was released thanks to popular pressure and
exiled to Mexico he prepared for the invasion of the Island. In 1954 the FEU also
took up the struggle, under the presidency of José Antonio Echeverria, creating the
Directorio Revolucionario as its armed branch. On 31st August 1956, Fidel Castro
and Echeverria signed the Carta de México and on 2nd December, 82 combatants led
by Castro landed from an overloaded Granma yacht in the Eastern Province.

2.3.7 Social Conditions, Cultural Ferments
and Modernization in Science

Meanwhile, Cuba was becoming a more complex society. In 1953 the population
reached 5,829,000 inhabitants, of whom 23.6 % were still illiterate. Urban concen-
tration grew. In the towns 51.6 % of the population lived in masonry houses and
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37.2 % in palm-leaf houses; in the countryside the relative proportions were 2.5 %
and 78.2 %. Agriculture remained the main occupation for men, and services
for women, who represented only 17.1 % of the economically active population.
Nevertheless, in spite of its explosive contradictions and social inequalities and the
discrimination against blacks, Cuba was not properly underdeveloped: in the 1950s
the average pro-capita income was the second highest in Latin America and the
country ranked among the first five on the basis of other socio-economic indicators.
The standards of healthcare were among the best on the continent, not very far
behind those of the United States and Canada. As regards the number of doctors in
proportion to the population, Cuba ranked 11th world-over and third in Latin
America, although the situation was decidedly worse in the rural areas and
especially in the Eastern Province.

The younger generations gave birth to a lively cultural revival: the Grupo
Origenes produced writers of the caliber of Lezama Lima (1910-1976), Cintio
Vitier (1921-2009) and Eliseo Diego (1920-1994), and of the playwright Virgilio
Pifiera (1912-1979). In the visual arts, Wilfredo Lam (1902-1982), of mixed
Chinese and Afro—Cuban origin, was a world-renowned interpreter of symbolism
and surrealism, also showing Cubist influence. Cuban music was spread by musi-
cians like Argeliers Ledn (1918-1991) and Harold Gramatges (1918-2008) and by
celebrated performers like Benny Moré, the Trio Matamoros and Enrique Jorrin (the
inventor of the cha-cha-cha). It was in the 1930s that Joseito Ferndndez (1908-
1979) composed the world-famous song Guantanamera (which the North American
composer Pete Seeger adapted to verses by José Marti in the 1960s).

A group of intellectuals that included Rubén Martinez Villena (1899-1934),
Mirta Aguirre (1912—-1980), Juan Marinello (1898-1977), José Antonio Portuondo
(1911-1996), Julio le Reverend and Carlos Rafael Rodriguez (1913-1997) spread
Marxist ideas in Cuba. A fresh approach to historical studies was given by Ramiro
Guerra (1880-1970), whose Manual de Historia de Cuba was published in 1938,
and by Emilio Roig de Leuchsenring (1889-1964).

Fernando Ortiz’s production flourished: besides the already cited Contrapunteo
Cubano del Tabaco y del Azicar (Ortiz 1940) he published La Africania de la Musica
Folklérica de Cuba (1940), and Los Instrumentos de la Musica Afrocubana (1952-55).
Nor can we ignore the birth of the writer Italo Calvino, whose parents were Italians
working at the Estacion Experimental Agronomica of Santiago de las Vegas.

When in 1950 the government approved a law on private universities, the
Universidad de Oriente (Eastern University) (Méndez Pérez et.al. 2012, 33-36) had
already been founded in Santiago de Cuba?® and the Universita Marta Abreu in
Santa Clara. In the 1950s scientific studies were updated, even if the only employ-
ment possible for graduates that remained was secondary school teaching.?*

The Batista regime promoted sectors of investigation in physics and searched
after international cooperation, as in nuclear physics. In the framework of the Atoms
for Peace campaign, a program to foster the civil use of nuclear power and to build

23 See the chapter by Méndez Pérez and Cabal in this volume.
24 See the chapter by Altshuler in this volume.
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a nuclear power plant was initiated by the US-government. The only physicist who
knew nuclear physics in Cuba, Marcelo Alonso (1921-2005) contacted colleagues
in the Netherlands and in Germany in order to evaluate potential cooperation with
European institutions and firms (Politisches Archiv Auswirtiges Amt). In this field,
the pre-revolutionary years laid a foundation on which later research and cooperation
with Soviet and Eastern Europe research units could be built on.

Meanwhile, the crisis of the Cuban system deepened on every level. United
States foreign investments were gradually redirected towards oil and industry, with
the result that Cuba fell from its place as first investment market for North American
capital to second in 1940 and third in 1956, after Venezuela and Brazil. And though
sugar exportations were declining, Cuban industry did not take off in other sectors.
In 1954, 63.2 % were quite small enterprises employing less than 10 workers, while
the rest of these enterprises hired 25 employees.

While sugar was in the late nineteenth century an economic motor for innovation
and technical advancement at the island, it now retarded any introduction of new
technologies and further mechanization in sugar production processes. The
azucarero-oligarchy, in straight collaboration with the changing dictatorships and
bearing in mind the US-interests in Cuba, preferred to employ the cheap main
d’oeuvre of impoverished land-workers instead of investing in costly machines. By
doing so, unemployment rates were quite low—at least in times of harvest—and no
social riots were to be feared. The producers of sugar did not have the capital to buy
any machines. Consequently, hardly any technical innovations were known in Cuba
for this period, neither by importing machines nor by developing them inside the
country (Edquist 1985, 79-82).

2.4 Revolution, Modernization and Political and Economic
Changes Between 1960 and 1990

2.4.1 A Revolution That Broke All Moulds

One can be critical of or radically contrary to the Cuban Revolution and its ardent
supporters but one can hardly deny the originality of this event and its develop-
ments. For half a century it has defied all analyses and predictions, representing yet
again Cuba’s “exceptionality,” for better or worse, to remain impartial (if for not
other, the disproportion between the smallness of this country, and its worldwide
influence). As Mark T. Berger underlines, the particularity of post-revolutionary
Cuba was not that it would have been a Soviet satellite state close to the US, but that
despite being a close ally of the USSR it continued to pursue its own politics, as can
be seen in Nicaragua, Guatemala or even Angola (Berger 2004). Another example
would be Cuba’s relation to China after the revolution that troubled the Cuban-
Soviet relationship for some years (Ying-Hsiang 1973). The limited independence
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to act on its own count in international politics was also a schema recognizable in
the field of physics, as will be shown later.

Legions of journalists, intellectuals, writers and revolutionaries immediately
precipitated to this small island (Gott 2004). Among them were Jean-Paul Sartre
(Sartre 1961), Simone de Beauvoir (1908-1986), Leo Huberman (1903-1968) and
Paul Sweezy (1910-2004) (Huberman and Sweezy 1960) and Charles Wright Mills
(1916-1962). Indeed, Mills’ last work was on Cuba (Mills 1960); in it, while
denouncing the United States’ ignorance of history, including the history of its
own imperialism, he stressed that one of the challenges the Revolution would have
to face was the lack of well-qualified people. The consequences of this problem on
the choices made as regards physics are discussed in some of the essays included
in this volume.

Ernest Hemingway (1899-1961) lived in Cuba for 20 years (he wrote The Old
Man and the Sea there), where he met both Fidel and Che. From its very dawning,
the Cuban Revolution challenged all interpretations and attempts to trace (or reduce)
it to existing ideologies or movements. This evasive character in all likelihood was
neither a special gift of the Cuban revolutionaries nor a sign of sophisticated politi-
cal analysis. On the contrary, the Revolution’s first steps seem rather uncertain,
pragmatic and at times unclear: one should recall the very young age of the leaders
at the beginning of the guerrilla: Castro 29, Ché 28, Raul 25, Camilo Cienfuegos 24
(3 years more in 1960). But it is probably these very uncertainties, this character so
difficult to fit into traditional classifications, which contributed to disorient the great
powers and above all the imperial logic of the United States, still under the influence
of McCarthyism. It is likely that the United States made some of the most serious
mistakes in its history towards this “object of desire,” moved as it was by arrogance
and a sense of pride that had been hurt by this small Caribbean David.

The leaders of early post-revolutionary tried to position Cuba internationally into
a context that would not determine a priori the ideological ally. But it became clear
very quickly that the new regime was refuted by the US-government and that
Moscow was akin willing to spend support. Although, it is difficult (and is neither
the job nor the purpose of this presentation) to discern clearly how much there was
of shrewdness or deliberate calculation in the events of the Cuban Revolution, how
much improvisation or more probably pragmatism and intuition, how much luck or
destiny, and how much in the end depended on mistakes made by others, as Richard
Gott (2004) has stated, from whom we borrow some of the following observations.
This is not a merely theoretical question, because the playing-out of the various
positions and judgments, with all their consequent misunderstandings and rigidities,
in only a few months decided Cuba’s choices regarding internal affairs and its inter-
national position for the next half century. In this context it is interesting to learn the
ideas professed by Fidel Castro at the dawn of the Revolution, as received by an
educated United States population when, in April 1959, he accepted an invitation to
speak at a conference in Washington. On purpose to avoid any occasion of a meet-
ing, President Eisenhower had left the capital for a game of golf in South Carolina.
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Castro gave a speech at Princeton University on the subject “The United States and
the Revolutionary Spirit”:

He first addressed existing theories of revolution, noting that the Cuban experience had
shattered three myths. First, that ‘a revolution could be successful even if the mass of people
are not starving.” Second, that revolutionary forces ‘could defeat regular military forces;’
and third, that a revolution ‘could succeed against modern arms.” Guerrilla tactics aside,
Castro attributed the success of the Cuban Revolution to the widespread ‘fear and hatred of
Batista’s secret police,” and to the fact that the rebels ‘had not preached class war,” thereby
gaining ‘95 per cent support’ from the population.

A student journalist noted that Castro promised ‘“he would lead the country to
economic and cultural progress without sacrificing individual freedoms.” Castro
also was reported to have said that democracy was “the most beautiful political and
social idea.” The latter remark was greeted with a standing ovation. Long Island
Newsday reported that the Premier had claimed in his address that he

expected and would allow minority parties to develop ‘in opposition to his regime’, and that
while there were ‘no plans to nationalize any lands,” his government would ‘expropriate
legally’ any ‘idle or unproductive lands.” (Bogenschild 1998)

The first years after the revolution were owing to favorable circumstances where
decisions made by the new government, as a minimum wage for sugarcane cutters,
a decrease in electricity and telephone rates, rents and the cost of medicines, the
creation of new jobs and an increase in the salaries of low-level public workers,
while the pay of high-level bureaucrats, judges and members of the government
was lowered. This met with the inaptitude by the old pro-US-bourgeois to reinstall
its powers.

What proved to be the decisive turning point in Cuba-United States relations was
the agrarian reform of 17th May 1959 (Benjamin 1990, 179-181). It was not in fact
a radical reform, but the essential point is that it was impossible for Cuba to carry
out a real reform without encroaching on the interests of the large imperialist corpo-
rations. Economists arrived from other Latin American countries and from East
Europe, as Michal Kalecki (1899-1970) from Poland, or the French Marxist econo-
mist, Charles Bettelheim (1913-2006) (Hamilton 1992, 36-54). The final goal was
ambitious indeed: to develop an industrial economy. It was Ernesto Guevara who
promoted the ambitious project of turning Cuba from a prevalently agricultural
country into an industrialized one through a process of accelerated industrialization
that would start with heavy industry came up against objective difficulties, such as
the country’s economic isolation and its backwardness (Boughton 1974).

The revolutionary government was strongly committed to developing basic and
scientific-technical education. The whole country was swept by a wind of change
and enthusiasm. In 1961 a widespread campaign mobilized 100,000 teachers to
eliminate illiteracy (some of them were brutally murdered by counter-revolutionary
bands still present in the island) (Abendroth 2009). A campaign of on-going adult
education was also undertaken, along with a program to develop an advanced school
system open to one and all, which had no equal in Latin America. On 20th December
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1959 the first Reforma Integral de la Ensefianza was promulgated (Wylie 2010, 82).
Sixty-nine army barracks were transformed into schools, over three thousand new
schools were built in the first year and about seven thousand teachers were trained,
so that three hundred thousand children could attend school. The doors to secondary
and university education were opened to workers, including farm workers.? In 1961
the Consejo Nacional de Cultura was founded to foster cultural development, along
with the Escuela Nacional de Arte, ENA (its buildings in west Havana, audaciously
designed by outstanding architects, are well worth a visit),”® while a widespread
network of art schools was built all over the country. That same year the Ley de
Nacionalizacion de la Ensefianza was promulgated, putting an end to private
profit-making schools. Immediate measures to improve and extend healthcare to
the entire population were also taken (Wylie 2010, 83).

In 1960 Fidel Castro explicitly affirmed that “The future of our country must
necessarily be a future of men of science”,”” while Ernesto “Ché” Guevara even
foresaw the future importance of solid-state electronic devices. As regards university,
the urgent need to update the old system and introduce a modern spirit of scientific
research fostered probing discussions involving directors, professors and students.
The result was the University Reform of 1962, which was to prove a fundamental
stimulus. But even as early as 1960 there were spontaneous experiments to reform
the Engineering School of the University of Havana by introducing new programs
of study, despite the difficulties caused by the lack of well-prepared staff. The students
themselves made up for this lack by giving lessons to students in lower years;
this work on the part of the alumnos ayudantes went on for years. These processes
are described in detail in this volume as regards the field of physics. In 1960 the first
six students left to study engineering in Moscow, thanks to Ché Guevara’s personal
involvement, to be followed by physics students soon after. Their return as graduates
in 1966 made it possible to establish a stable professional teaching staff and the
curriculum of the School of Physics of the University of Havana.

2.4.2 In Search of New Allies

The reactions inside the United States against the Cuban Revolution grew at all
levels, independently from the nature of the measures it adopted, but based on the

% See the interview with Melquades de Dios Leyva in this volume.

2The project for the Escuelas, conceived of by the Ministry of Culture to host 1,500 students from
Latin America, Asia and Africa, was entrusted to the Cuban architect, Ricardo Porro, who called
his colleague Roberto Gottardi and his Italian friend Vittorio Garatti to collaborate. It soon became
clear that the plan was beyond the island’s concrete possibilities, and in fact in the following years
there was a gradual waning of the extraordinary enthusiasm that had taken hold of architects, work-
ers, teachers and students in the initial phases of planning and construction. See Loomis (1999),
Daley (2000), Craven (2002), chap. 2 and Giani (2007).

*7Speech given on January, 15 1960 by Fidel Castro. See Torres Yribar (2011).
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real or presumed Communist leanings. The first counter-revolutionary group
(La Rosa Blanca) inside US territory was formed with the complicity of the CIA
and the FBI, and the sabotage actions grew (through US air raids in October 1959
which sabotaged the sugar mills) up to the unsuccessful military invasion on 17
April 1961 at the Bay of Pigs.

The obstinate intensification of clandestine actions to create unrest in Cuba and
overturn the regime (“Operation Mangoose™), with the enforcement in January
1962 of the expulsion of Cuba from the Organization of American States (a decision
that was not revoked until June 2009, see below), objectively pushed the country
to increase links with the Soviet Union and converged with Khrushchev’s plan to
deploy nuclear missiles (Bain 2008). Nikita S. Khrushchev (1894-1971) obtained
from US President John F. Kennedy (1917-1963) the promise not to attack Cuba
and to withdraw US-American nuclear missiles from Turkey and Italy, before the
head of the Kremlin agreed to abandon his plans (George 2013).

The already big problems the country had to face were further aggravated by
the fact that many entrepreneurs, technicians, economists professors or intellectuals
left the Island after 1959 (Gott 2004). The international crisis had nearly no influence
on an animated intellectual and artistic life: the Cuban cinema was born, new writers
became worldwide known and the new Cuban music met internationally with success.
Efforts were also focused on publishing and cultural diffusion and growth. In 1962
the Editorial Nacional Cubana was created, and in 1967 the Instituto Cubano del
Libro. The result was that while in 1958 the country produced only about a million
books, in 1967 production had grown to eight million and to 35 million in 1975.
Meanwhile, innovative activity in the fields of healthcare and education went on
apace. The 1962 University Reform greatly stimulated higher education, the level
improved enormously and study materials were brought up to date. The start-up
of scientific research necessitated the creation of scientific institutions and the
formation of researchers. In fact, many of the most important research institutes
that the country has today were founded in the 1960s. And most science, engineering
and research programs were introduced in universities in those years (Nufiez
Jover et al. 2008).

Cuba’s cultural ferment continued to exercise its fascination all over the world.
The articles in this volume reconstruct the singular presence in the University of
Havana’s School of Physics of physicists and technicians from many western coun-
tries, who held courses in modern physics, equipped workshops and laboratories
and started the first scientific projects. During the same decade some of Cuba’s
other main research institutes were born. Among them figures the newly founded
Accademia Cubana de Ciencias, under whose aegis a series of projects and new
institutions were developed, as it was the norm in Soviet Union, where the Academy
hold the monopole for research (Dominguez 1979, 397). The universities were able
to consolidate stable teaching staff and curricula. By the end of the decade there was
a critical mass of graduates prepared to carry out scientific research, thanks also to
the return of Cubans who had left to study in the Soviet Union and other socialist
countries, while collaboration with these countries was consolidated.
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2.4.3 The Sharp Turn of Cuba’s Economy and Politics
at the End of the 1960s

As we have remarked, a change of the early revolutionary Cuban (Guevara’s) eco-
nomic and political program was underway since 1963, but the critical turn was
accomplished in the last 1960s. Guevara had recently disappeared, and the echoes
of his denouncement of the Soviet and the Chinese models burnt out, when
Moscow’s tanks crushed the “Prague Spring”, on 21th August 1968. Castro’s
denunciation of the Czech reformers took everybody by surprise.

The rigid bipolar equilibrium of the Cold War drastically limited space for
autonomy in the countries that chose to remain in the Soviet Block. It seems like
a twist of fate that Cuba debunked its non-aligned international role while the
world was undergoing shocks that seemed to confirm those previous perspectives:
the North Vietnamese “Tet Offensive” of January 1968 fed the crisis that was
sweeping the United States, with the massive movement against the War in Vietnam,
and the assassinations of Martin Luther King (1929-1968) in April and Robert
Kennedy (1925-1968) in June, and in September Mexico City was bathed in the
blood of Plaza de la Tres Culturas massacre; while the “French May”, and its
international extensions, challenged the hegemony of the orthodox Communist
parties in the western left—flying as its own icon the image of “Ché”, next to that
of Mao Tse-tung.

The peculiarity of Cuba’s position can probably be better appreciated taking into
consideration the endemic instability that was to run over Latin America, character-
ized by coups and bloody military regimes, which increased segregation and social
inequalities. Anyway, even if Cuba had entered the Soviet orbit, it still showed the
originality of its choices in the international arena. Castro kept a space of autono-
mous action, taking decisions and positions that disoriented the big powers and
interfered with their plans. In 1975 he surprised both Moscow and Washington by
returning into the African arena, which Ché and his guerrillas had left suddenly
10 years before. Castro’s decision to intervene militarily to support the MPLA in the
defense of Luanda in 1975 was so resolute that he sidestepped the reservations of
Brezhnev, who at that time was aiming at a substantial rapprochement with the
United States. The venturesome (reckless?) Cuban expedition, without any Soviet
logistical support, allowed Agostinho Neto (1922-1979) to route the assault on the
capital and proclaim the independence of Angola. Further Cuban reinforcements
convinced South Africa to withdraw from Angola, and the symbolic value of the
defeat by a largely black army was one of the triggers of the Soweto revolt in June
1976. Once more images of Ché were hoisted next to those of Malcom X and Mao
Tse-tung.

Cuba’s intervention in Africa continued in the form of aid, medicines and teachers
to many countries, besides another military intervention in Ethiopia. Cuba regained
great prestige in the anti-colonialist milieus, and in September 1979 hosted
Conference of the Non-Aligned Movement. In the 1970s, Cuba continued to be a
sort of Mecca of Afro-Cuban culture. Performers like Sidney Poitier (born in 1927),
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Harry Belafonte (born in 1927), and the South African singer Miriam Makeba
(1932-2008) arrived.

Following the terrorist attack of October 6, 1976, in which 73 persons lost their
lives, including Cuba’s entire fencing team, in 1977 Jimmy Carter’s administration
opened a phase of (although contrasted) rapprochement between the two countries.
Some concrete initiatives were taken (opening Interest’s Sections, travel and
remittances), but this opening tottered after the success of the Sandinists in
Nicaragua in 1979, and was closed when Reagan’s victory in the 1981 elections
led to a strengthening of the embargo against Cuba and intensification of acts
of sabotage.

In the years following the “Prague Spring” Cuba brought its economy into line
with reassuring Soviet standards, thereby condemning itself for 30 years to depen-
dency on sugar. Despite the failure in 1970 of the clearly overestimated objective of
a sugar harvest (zafra) of 10 million tons), while the ideological and revolutionary
ferment of the 1960s was reduced. Fidel Castro decided to nationalize all private
companies in 1968 and a national party organization was installed that broadened its
impact in any social activity. In 1975, the first Congress of the Cuban Communist
Party was held.

In fact, thanks to substantial Soviet support the Cuban economy overcame the
difficulties of the past. Between 1975 and 1985 it enjoyed an over-4 % growth rate,
and for the population there began a period of prosperity. Some original aspects
remained in the Cuban system, confirming it as an exception even within the Soviet
system. Available resources were used not only to strengthen the armed forces, but
also to develop schools and healthcare (Bain 2007), science and technology (Bethell
1993) and to give Cubans a higher standard of living and more available consumer
goods. However, we cannot ignore critics like the writer Heriberto Padilla (1932—
2000), who was segregated and then arrested in 1971, which provoked a position
statement by legions of authoritative international intellectuals, including Sartre,
Simone de Beauvoir, Octavio Paz (1914-1998), Carlos Fuentes (1928-2012),
Vargas Llosa (born in 1936), Garcia Marquez (born in 1927) and Julio Cortazar
(1914-1984) (the last two subsequently withdrew their support of the letter).

Adhesion to the Communist Block entailed a growing reliance of Cuban agricul-
ture on sugar cane, which was to have deep implications in the 1990s (Lorini and
Basosi 2009). Nevertheless, although Cuba counted heavily on the exchange of
“sugar-for-oil” and other goods with the Soviet Union, it never cut off trade with
non-socialist countries. Though carried on at lower market prices for sugar, this sup-
plied a certain quantity of strong currency and some margin of autonomous maneu-
ver. The percentage of exportations towards non-socialist countries was 30.5 % in
1970, and the situation did not sensibly change even after 1972 when Cuba joined
the COMECON market; in 1980 this percentage was 29 % (60 % of the 71 % of
exportations towards socialist countries was with the Soviet Union).

With the Soviet Union’s economic support Cuban society progressed greatly and
enjoyed a period of prosperity, as the state was able to satisfy the population’s basic
needs and also to supply consumer goods. In the field of healthcare, while in 1958
there was only one rural hospital and 161 first-aid stations with 6,000 doctors (of whom
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half left the country in 1959), in 1975 the country had 56 clinics, 118 dispensaries,
396 polyclinics and 10,000 doctors. Over the same period, average life expectancy
rose from 55 to 70 years.

2.4.4 The Crucial Leap in Education and Science

Following the great commitment to schools and universities, the total number of
students passed from 811,345 in 1958 to 3,051,060 in 1975 (on roughly 7 and
9.5 million inhabitants respectively). The spread of primary education grew by a
factor of 2.7, middle and higher education by 6.1 and university education by 5.5.
In the same period the number of students in higher education passed from 15,000
to 83,000.

In December 1968 the Congreso Cultural de La Habana brought together a
numerous and vivacious international public that also included authoritative scientists,
(mainly French and Italian physicists), who expressed relevant advices for the basic
choices in the development of Cuban physics.?® From a proposal launched on that
occasion by French and Italian scientists was born the initiative of the Escuelas de
Verano (summer schools), which from 1968 to 1973 brought to Cuba international
specialists in every discipline, who introduced equipment, techniques and materials
that gave a strong impetus to scientific research in Cuba.”

The 1970s saw a first readjustment of the Cuban scientific system after the prepa-
ratory phase and the take-off in the 1960s. This represents record time for a small
third-world country, an absolute exception. Cuba by now could count on a critical
mass of scientists with a solid up-to-date formation and a network of research
centers. This is certainly true in the field of physics. As the articles in this volume,
advanced scientific sectors such as microelectronics were developed. Forms of
cooperation and exchange with the most important centers of excellence in the Soviet
Union and other socialist countries were consolidated (after first degrees were taken
in these countries, advanced PhD studies began), but this did not mean that important
instances of collaboration with the western world were interrupted (Reid-Henry
2010). The historical analysis developed in this book mentions several collaborations
developed, mainly in the field of solid state devices and physics, with Canada,
Spain and France, while the article by Leccabue documents the lasting and fruitful
collaboration with Parma, Italy, which is still alive: it is relevant for the appreciation
of Cuban peculiarity Leccabue’s remark that an analysis with the Cuban colleagues
showed that reliance on Soviet technology appeared too restrictive for the needs and
perspectives of subsequent development of research in this field.

Anyway, the relevance of the strengthening of the collaboration with, and support
by the Soviet Union and the Socialist countries could hardly be underestimated,
such as it was the case for big international cooperation treaties, as for instance the

2 See the chapter by Baracca, Fajer and Rodriguez in this volume.
» See the chapter by Cernogora in this volume.



2 The Cuban “Exception”: The Development of an Advanced Scientific System... 39

participation of Cuba in the INTERKOSMOS program. This cooperation existed
already since the mid-1960s but only in 1976 a formal institution having for aim the
exploration of the outer space, depending on the Soviet Academy of Science was
founded in cooperation of most of the Soviet allies states in Eastern Europe.*

In general terms, as Jorge Niifiez Jover states:

The existence of the science and technology policy has long come hand in hand with the
notion that scientific advances fail to fully translate into the practical use of its results.
So in the mid-1970s, evidence started to mount indicating that the practical use of scientific
results to solve the problem of production and services was a matter of greater complexity.
This brought about a number of changes in the science and technology policy establishing
what has been called the ‘model of centralized direction’ (1977-1989), whose objective
was to complete the efforts from the supply with a deliberate strategy to use scientific and
technological results; this was called the ‘introduction of results.” It was supposed to be
achieved through a very centralized model relying on the identification of ‘research problems’
to direct research towards issues of high priority and the use of results in the fields of
production and services. Although the use of results was emphasized, this staged was
based on the same lineal concept towards scientific research as a triggering element in the
relationship between science, technology and production.

Problems of concept were compounded by a very relevant practical circumstance.
In parallel with the emphasis on science and the expectations that it would increase its
contribution to development ran an implicit technological policy which was characterized
by generalized imports of technology, quite frequently from the European socialist
countries. They were characterized, inter alia, by being moderately modern technologies
with low energy efficiency and environmentally aggressive. The tendency of assimilating,
rather than producing, technologies and the frequent lack of interest to innovate shown
by the entrepreneurial segment of the agents of technological change explain why the
scientific development and the human potential achieved were not expressed in the expected
practical results. This situation justifies the critical view that was formed around this issue
throughout the 1980s, a discussion that was included in a broader debate on the praxis of
the socialist transition in Cuba and, particularly, the economic efficiency of the country.
(Nufiez Jover et al. 2008)

2.5 Politico-economic Crisis and New Cooperations
(1985-1999)

2.5.1 Toward the Breakdown of the USSR

The collapse of the Soviet Union without doubt caused traumatic change in Cuba.
There had been a forewarning in 1983, when President Andropov had let the Cuban
leaders know that the Soviet strategic guarantee, established in 1962, had not been
operative for some time (Gott 2004; Purcell and Rothkopf 2000, 84). Cuba changed
its military strategy, instituting a system of defense based on a “people’s war,”
which was to play an important role in the following two decades. But Castro had
more or less sensed what was coming and preceded Gorbachev by presenting a new

30For the history of Interkosmos and the role of the GDR, cf. Katharina Hein-Weingarten (2000),
esp. 153-165.
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economic program in February, 1986, that was called Politica de rectificacion de
errors (politics correcting errors.). This program was far from the Soviet model and
represented an explicit refusal of the reforms attempted by some socialist econo-
mies of Eastern Europe. The economic situation in Cuba at the mid—1980s became
increasingly difficult as the fall in the international price of sugar had created an
increasing dependence of Cuba on socialist countries’ markets (Lorini and Basosi
2009). In contrast to previous years, in 1986 this market accounted for 85 % of
Cuban exports, and that same year 98 % of the fuel. The nutrition was in huge parts
assured by COMECON-countries from where 50 % of the calories and 57 % of the
protein consumed in Cuba were imported (Tablada 2001, 39).

Also in its science and technology policy since the mid-1980s the country introduced relevant
changes. The more pointed changes include the re-launching of university research, now with
a more applied orientation, the definition of new priorities for scientific and technological
development, comprising biosciences, biotechnology, pharmaceutical industry, high-tech
medical equipment. The newly created productive scientific parks became true networks
of integrated cooperation where research, creation of technologies, production and
commercialization of products are part of a continuous process led by unique strategies, the
enhancement of the Science and Technology Forum, a unique Cuban experience geared
towards increasing social participation in the scientific and technological development and
its applications. (Nuiiez Jover et al. 2008)*!

These changes had important consequences in physics as well, leading to a probing
process of critical revision of prior choices and serving as a stimulus for new applied
sectors such as nuclear physics, including the project to build a nuclear power plant
at Juragua, near the bay of Cienfuegos, with Soviet aid (Blasier 1993).%

In international affairs Cuba became involved in some political conflicts in
Africa in 1988, after the attack launched by South Africa the previous year, sending
9,000 soldiers to complete a contingent of over 50,000 men (George 2005). As
Castro observed, in relation to total population, this was equivalent to over a million
US soldiers. Not only did Cuba save Dos Santos’ government in Angola (which had
succeeded that of Agostinho Neto) but it literally changed African history: as Nelson
Mandela declared upon his visit to Havana in 1991, the defeat of the racist army at
Cuito Cuanavale destroyed the myth of its invincibility and greatly contributed to
the subsequent end of apartheid.

Even before this decisive intervention in Africa Castro had made another able
move (Lorini and Basosi 2009) that restored Cuba’s credibility in Latin America,
despite the fact of being partly isolated by most of the military juntas governing in
the Continent. In 1982 Mexico opened the “Latin American foreign debt crisis”,
which then spread to Brazil.** Loans from international financial organizations were
subject to the “Washington consensus” and they imposed plans of adjustment based
on privatization, economic deregulation, reductions in public expenditure and liber-

31 For development in biotechnology, see also Reid-Henry (2010, 28).
32 See the chapter by Baracca, Fajer and Rodriguez in this volume.

$3Though the situation varied from one country to another, Latin American foreign debt had
swollen from $30 billion in 1970 to $331 billion in 1982 and would reach $410 billion in 1987.
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alization of monetary flow. Castro made an astute move in March 1985, once again
disorienting the politics of the great powers, by maintaining that the debt was too
high to be repaid and had in fact already been abundantly paid to the rich North
through neo-colonial exploitation (Castro 1989). This move had been carefully pre-
pared by the Cuban leadership, which had already found an agreement for its own
debt of $2.9 billion (Lowenstein 1985). In August 1985 Havana hosted a large
continent-wide meeting “against the debt”; though the ministerial delegations were
limited to Ecuador, Argentina, Bolivia, Nicaragua and Panama, there were over a
thousand delegates from NGOs, unions, religious groups, political parties and
even businessmen. The headline in the New York Times was, “Cuba’s emergence,
America’s myopia” (Szulc 1987).

After the fall of most dictatorships in the early 1980s political, diplomatic and
trade relations were established first with Ecuador, then with Argentina, Uruguay
and Brazil. As of 1989 there were only three Latin American countries that had not
resumed relations with Cuba: Chile, Paraguay and Colombia.

Despite internal economic problems, Cuba has continued to send doctors and
teachers to Africa and to Latin America, where it has undoubtedly played an active
role, participating intelligently in the reawakening of this continent in the last
20 years and thereby continuing to represent an indispensable interlocutor, also as
regards the United States. But, the Cuban diplomatic offensive in Africa and Latin
America lost energy over the years because of the worsening of the economic crisis.
As well, the trial and execution in 1989 of the Soviet-affiliated General Arnaldo
Ochoa Sanchez, a hero of the wars in Africa, shows that the political situation inside
Cuba became more and more difficult in regard to the influence the Soviet Union
was allowed to take.

2.5.2 The Deep Troubles of the ‘Periodo Especial.’
New Cooperations in a Changing World

In January 1990, faced with the global retrenchment of the Soviet Union, Fidel
Castro spoke of the need for Cuba to enter a “special period in peacetime” (Gott
2004, 335-349). It was the official beginning of the most dramatic period for the
Cuban economy since the Revolucion. Technological supplies from the USSR came
to a halt between 1989 and 1992, and the sudden lack of strategic raw materials and
spare parts caused further economic problems in industry and transport. In 3 years
imports plummeted by 72 % and exports by 67 %, the investment rate was 7 %
down from 26 %, gross capital formation fell by 60 % and oil imports dropped by
over 50 %. In 1993 the GDP was a startling 35 % lower than in 1989 (Nuifiez Jover
et al. 2008). Annual sugar production sank from over 8 million tons to little more
than 4, while the end of Soviet subsidies forced direct sales on international markets
at very low prices. Even tobacco production halved (Lorini and Basosi 2009).
Official Cuban statistics reported that in 1996 daily caloric intake was down 27 %
compared to 1990 levels.
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To the negative effects of the changes in east Europe was aggravated by the
consequences of a process that from this time on was called globalization.** In a
situation when the entanglement of the world’s political and economic processes
became obvious by the downfall of the seemingly clear cutting frontier between the
West and the East, the United States strengthened the so-called blogueo against
Cuba by the Torricelli (1992) and Helms-Burton (1996) Acts. International financial
institutions denied loans to Cuba, one of the few remaining communist regimes in
the world. In these years, the CIA dedicated at least two detailed studies to Cuba,
in 1991and 1993:

the first one advanced the hypothesis that “the deterioration of the Cuban economy (would
have) further undermined Castro’s legitimacy”, while the second spelled out clearly that
there was “a better than even chance that Fidel Castro’s government would fall within the
next few years.

Given these conditions, with a display of Cuban sense of humor, an economist of the
Havana-based Centro de Investigaciones de la Economia Mundial observed some years
later that, with virtually no access to foreign credit, the socialist island had undergone,
during the periodo especial, the only true ‘classical’ economic adjustment: international
prices had grown, the external deficit had soared, domestic consumption had been curtailed
to offset the loss in purchasing power. (Lorini and Basosi 2009)

Certainly, this new global and internal situation required some important
adjustments in Cuban politics. In 1993 the government reacted rapidly to take more
radical economic measures. As regards international trade, possession and use of
the US dollar were legalized, creating the rather paradoxical situation of the exis-
tence of a double currency, in order to try and stimulate foreign investment in pub-
lic-private joint ventures, tourism and selected industries in which the Cuban state
kept at least 51 % ownership. Instead of the traditional low technology sectors for
export (sugar and tobacco), non-traditional sectors in which capacity had been
developed in the past and which could attract foreign currency were promoted: high
value-added service products such as international tourism, healthcare and educa-
tion; and high-tech industrial sectors, especially biotech products, pharmaceuticals
and medical equipment. At the same time, the export potential of traditional sectors
was sustained, with a restructuration of the sugar agribusiness and promotion of the
nickel industry (Moreno 1998).

As regards the domestic economy, there was a partial liberalization of small-scale
enterprises, in particular restaurants, called paladares and rented rooms for foreign
tourists, along with more limited businesses that do catering for the population in
houses and streets (Corrales 2004). A program for the production of food for the
population was developed, allowing farm cooperatives to sell surplus products to
urban markets, the so called agromercados (Babb 2011). Taxes were introduced for
the first time in over 40 years and they were heavy for private enterprises. Cuba
continued its transformation to a service economy oriented towards activities aimed
at fostering foreign trade, saving and reducing its dependency on fuel, and fully
utilizing the Island’s skilled human resources. The outcome was a marked growth in
the tertiary sector at the expense of the primary and secondary sectors.

¥ Some at this time spoke even of a reversed global situation, see Jatar-Hausman (1998/1999).



2 The Cuban “Exception”: The Development of an Advanced Scientific System... 43

The transformations were profound: greater diversification of the economy was
promoted, with more cultivable land farmed for crops other than sugar, like vegeta-
bles and soy. Small-scale organic farming was developed in urban gardens, the
organoponicos, which covered a significant percentage of the country’s food
requirements (Paponnet-Cantat 2003). Half of the existing sugar refineries were
closed, while nickel and cobalt mining doubled from 1993 to 1997, mainly in the
form of public-private joint ventures with foreign countries (Navarro Vega 2013).
Despite the economic bottleneck, huge investments were made in medical and
pharmacological research 120 million dollars between 2005 and 2008 (Niiiez Jover
et al. 2008), allowing Cuba to become one of the world’s most advanced countries
in the field of biotechnology. The sudden lack of the energy supplies that had come
from the Soviet Union created very serious problems, especially the interruption of
electricity, with frequent long blackouts (apagones) (Pérez-Lopez 1992). Deep
drilling led to the discovery of substantial (though low-quality) oil deposits, while
the production of natural gas grew from virtually zero to over 450 billion cubic
meters from 1990 to 1999.

In 1994 the worst phase of the periodo especial was over, economic decline
slowed and recovery began. (Nufiez Jover et al. 2008). By 2004 the sum of products
and services had registered a 46 % recovery from 1994 and the country enjoyed a
balance of payments surplus. In 2005 the economy boasted a growth rate of 11.8 %,
the highest since 1959, and it continued to grow in 2006. And this despite the hur-
ricanes that devastated the Island in 2008, when the evacuation of a million people
and the other measures that are always taken in Cuba avoided the hundreds of vic-
tims that such cataclysms regularly claim in the other countries of the region (includ-
ing the United States).

This period can be considered to exemplify again the exceptionality of Cuba, as
the increasing diversification of Cuban economy has not let to a collapse of the
country. Although the egalitarian society of the 1960s and 1970s was deeply shaken
by the creation of tangible economic differences between those who could access
foreign currencies (through tourism and foreign remittances) and those who could
not, the government has made an effort to keep up support the key sectors of health-
care, education and social security. Even if the persistent shortage of medicines,
products and basic equipment, paper, books and other materials for consumption
undoubtedly lowered the general level of these services, Cuba has determinedly
worked at preserving and in some cases even improving the features that distin-
guished its social model from the one prevailing in the rest of the world, especially
in Latin America.

Midway through the 1990s, a report of the United Nations Economic Commission for Latin
America and the Caribbean (CEPAL, from the Spanish acronym) stated that ‘given the
size of the external shock, the policies of adjustment (in Cuba) has been relatively low [...]
in comparison with other Latin American economies,’ attributing such an outcome to the
‘orientation toward solidarity’ of the Cuban social context. (Lorini and Basosi 2009)

UNICEF confirms that Cuba is the only country in Latin American or the
Caribbean to have eliminated childhood malnutrition (UNICEF 2004). The
infant mortality rate at birth is among the lowest in the world and continues to
improve despite the economic crisis.
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As far as international politics are concerned, Cuba has enormously strengthened
its influence on the Latin American continent. In 1987 eight Latin American coun-
tries for the first time proposed Cuba’s readmission to the Organization of American
States (after its expulsion in 1962, cf. supra). The United States opposed the motion,
but 2 years later was humiliated when the Latin American countries elected Cuba as
non-permanent member of the U.N. Security Council. In the U.N. General
Assembly’s votes against the US blockade against Cuba the Latin American
countries passed from abstaining to voting in favor, with the result that the total
number of votes against the US jumped from 59 to 101 between 1992 and 1994.
Left-leaning Latin American leaders have shown renewed interest in the Cuban
Revolution. Venezuela, above all, has become Cuba’s most important political and
economic partner, while China has also given significant support to Cuba.

Finally, after 47 years the Organization of American States unanimously can-
celled the U.S.-imposed resolution excluding Cuba from the continent’s community
structures during the 2009 summit in Honduras. While Hillary Clinton was forced
to grin and bear it, the Honduran President Manuel Zelaya (who soon after, as if by
historical nemesis, was overthrown in a coup not without United States’ manipula-
tion!) turned directly to Fidel Castro and, referring to his historic defense speech of
1953, pronounced: “I say to Commandeer Fidel Castro, today you have been
absolved by history.”

A time of reckoning has come as concerns Cuba’s internal problems as well.
In part these have become more critical because of the repercussions the world
crisis has had on the domestic economy and the population’s living conditions.
But the passage of political leadership from Fidel, the historic leader now afflicted
with health problems, to his brother Raul, at the same time as it granted substantial
political continuity also awakened great hopes in the population. The commitment
to carry out significant changes can no longer be postponed, but it is evidently
difficult to carry out because of bureaucratic fossilization, international isolation
and internal taboos in political debate in relation to repressive responses by the
government.

2.5.3 Cultural Vitality, Higher Education and Low-Funded
Unipversities

Few words are sufficient to recall the ongoing of Cuban cultural vitality, in spite of
the crisis: the international success of Cuba’s popular music (Pablo Milanés, Silvio
Rodriguez, the Van Van, Charanga Habanera, etc.), Cuban ballet (Alicia Alonso, the
Escuela Cubana de Ballet), the plastic and figurative arts, the Havana Biennale
d’Arte, uninterrupted Cuban film production, the annual Festival del Nuevo Cine
Latinoamericano, the good health of Cuban literature (both at home and abroad:
besides by now historical figures like Dulce Maria Loynaz, Cintio Vitier, Eliseo
Diego, Dora Alonso, and Lisandro Otero, is testified by names that include
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Guillermo Cabrera Infante, Miguel Barnet, Roberto Fernandez Retamar, Senel Paz,
Pablo Armando Ferndndez, Reynaldo Gonzélez, Leonardo Padura).

The effect of the crisis on scientific research has been particularly heavy.
However, Cuba has managed to resist in this field as well, though paying a high
price. The government has done everything possible to support the most important
activities. On 18th January 2002 the than president Fidel Castro stated that “this
country will live on intelligence and intellectual property”, which means that the
political commitment to bet on knowledge, education and science remains firm.
There has been far-reaching reorganization in many areas; inevitably, experimental
research has been the most affected, while computer-driven research has been sig-
nificantly boosted. The relations with non-socialist countries cultivated by Cuba in
the first decade of the Revolution, which had never been completely suspended,
have turned out to be very useful in this phase: many Cuban scientists (even if a
certain number have left the country) take advantage of collaboration and exchanges
with Spain, Mexico, Brazil and other countries. This reconfirms the high level
reached by Cuban science on the international scene as well as the solidity of the
results achieved before 1990.

Though the necessary reorganization has produced sacrifices and penalized
important activities, it was done intelligently and in the end has even had some use-
ful outcomes. Since the country has made every effort not to abandon its free educa-
tion and healthcare systems, interdisciplinary projects have been intensified. The
excellence of Cuba’s biotechnological and medical research and the importance of
the results it has reached are known worldwide.* Naturally, the interruption of rela-
tions with the socialist countries has led to a worrying crisis in employment oppor-
tunities for university and polytechnic school graduates. Still, thousands of students
from Latin American and other third-world countries study medicine or art in Cuba,
something that would be impossible for them in their own native countries.

The new global situation of Cuban science alters thus between the excellence in
some fields of study and research and difficulties that are not very different of those
in other countries.

2.5.4 The Challenge of the Future in the Context
of the World Crisis

This is not the place to discuss the present world economic crisis, and speculate on
the place and the future of Cuba. Nevertheless at least a short remark seems neces-
sary. Indeed, starting around 2010 the Cuban government has turned into reforms of
the economic system, which are difficult to evaluate, but are changing at least
the external aspects of Cuban life, but are deeply influencing also the mentality of the
citizens. Anyone who visits Cuba now will remark at first glance the change in the

3 See the chapter by Pérez Ones and Nufiez Jover, republished in this volume.
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urban panorama itself, people selling goods everywhere, small trades, but inexistent
before 2010. On the one hand, the world economic crisis strikes also this country,
even if in different ways from others. The American Administration does not show
any sign of loosening the blockade to the Island, in contrast with the initial perspec-
tives of the Obama presidency. On the other hand, the Cuban government has
acknowledged (all the more in these conditions) the inefficiency of the “universal”
State economy, and in particular the necessity of dramatically reducing the number
of the State workers and bureaucracy personnel, an extremely painful choice.
Among other economic reforms (commerce of apartments and cars, permission to
expatriate, etc.), the permission of the trabajo por cuenta propia is the most visible
at glance.

We think that it is impossible for everyone to give a well-advised evaluation of
these economic measures, and even more of the general and political perspectives:
too many times in the past quarter of century specialist have predicted nothing less
than the collapse of the Cuban regime. Nevertheless we felt obliged at least to point
out these changes, which could give a further turn to the situation that we have tried
to discuss: Cuba could set aside one more surprise.
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Chapter 3
Cuba: A Short Critical Bibliographic Guide

Duccio Basosi

An island with a population of approximately eleven million citizens, Cuba has
been the topic of a huge amount of books and articles by scholars, politicians, art-
ists, tourists and—why not?—foreign undercover agents. A random search in a
well-known on-line bookshop gives some 118,000 results for the island’s name.
In brief, to present a selection of basic works on Cuba is a very harsh task that
necessarily leads to difficult choices.

Cuba’s general history from the pre-Columbian era to (almost) the present is
told in two widely celebrated and reliable works: Richard Gott, Cuba: A New
History (New Haven: Yale University Press, 2004); and Hugh Thomas, Cuba: The
Pursuit of Freedom (New York: Da Capo, 1998). A good introduction is: Leslie
Bethell (ed.), Cuba. A Short History (Cambridge: Cambridge University Press
1993). An extremely useful collection of documents and short essays on Cuba’s
history, politics and culture (with some 100 short contributions by Cuban and
foreign “authors,” including Christopher Columbus, Fernando Ortiz, Father Félix
Varela, Carlos Manuel de Céspedes, José Marti, Alejo Carpentier, Ernesto “Che”
Guevara, John F. Kennedy and Fidel Castro) is the recent Aviva Chomsky, Barry
Carr, Pamela Maria Smorkaloff (eds.), The Cuba Reader: History, Culture, Politics
(Durham: Duke University Press, 2003).

The nineteenth century was a crucial period in the making of Cuban modern iden-
tity. Two indispensable general works are: Ramiro Guerra, Manual de historia de
Cuba desde su descubrimiento hasta 1868 (Havana: Ciencias Sociales, 1971); and
Eduardo Torres-Cuevas, Oscar Loyola Vega, Historia de Cuba, 1492—1898.
Formacion y liberacion de la Nacion (Havana: Pueblo y Educacién, 1998). The vol-
ume by Louis A. Pérez Jr., Cuba Between Empires (Pittsburgh: Pittsburgh University
Press, 1983), is a fundamental work on Cuba’s relationship with the two “empires”
(Spain and the United States) that competed for it. In a way, part II of the book, is the
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author’s follow-up work Cuba. Between Reform and Revolution (New York/
Oxford: Oxford University Press, 2005) The more recent book by Louis A. Pérez
Jr., On Becoming Cuban: Identity, Nationality, and Culture (Chapel Hill: North
Carolina University Press, 2007), is an investigation in Cuban-US cultural rela-
tions from 1850 to the 1959 Cuban revolution. The history of slavery and anti-
slavery (and anti-Spanish) rebellions on the island is narrated in detail by Ada
Ferrer, Insurgent Cuba: Race, Nation, and Revolution, 1868—1898 (Chapel Hill:
University of North Carolina Press, 1999). Cuba’s rise to formal independence
from Spain, and its subsequent fall into protectorate status under the US in 1898—
1902 is analyzed in Marial Iglesias, Las metdforas del cambio en la vida cotidiana:
Cuba, 1898—-1902 (Havana: Ediciones Unién, 2003). Cuba’s multifaceted relation-
ship with the United States from the early nineteenth to the early twentieth century,
including an in-depth analysis of the island’s semi-colonial status under the so-
called “Platt Amendment” to the Cuban constitution of 1901, is the subject of the
work by Alessandra Lorini, L’impero della liberta e I’isola strategica. Gli Stati
Uniti e Cuba tra Otto e Novecento (Naples: Liguori, 2007). Last but not least,
speaking of nineteenth-century Cuba, the life and works of Cuba’s national hero,
José Marti, are the subject of hundreds of articles and books. The Havana-based
Centro de Estudios Martianos promotes the study of Marti’s writings and offers a
wide catalog of works about and by Marti, including a digital version on CD-Rom
of J. Marti, Obras Completas in 27 volumes (Havana: Ciencias Sociales, 1975). The
complete catalog can be downloaded from the Centro’s website at http://www.
ecured.cu/index.php/Centro_de_Estudios_Martianos. An interesting selection of
recent essays on Marti’s political thought, mainly by US scholars, is in Jeffrey
Belnap, Ratl Fernandez (eds.), José Marti’s “Our America”: From National to
Hemispheric Cultural Studies (Durham: Duke University Press, 1998).

Compared with the flood of works covering the post-1959 period, there is far less
scholarship dealing specifically with Cuba’s difficult times in the first six decades of
the twentieth century, marked by repeated US military interventions, authoritarian
governments (with scant and unlucky openings to constitutional rule) and powerful
mob presence. Two important contributions, respectively on the Machado (1925-
1933) and Batista (1952—-1959) dictatorships are Francisca Lépez Civeira, Cuba
entre Reforma y la Revolucion 1925—1935 (Havana: Editorial Félix Varela, 2007);
and Samuel Farber, The Origins of the Cuban Revolution Reconsidered (Chapel
Hill: University of North Carolina Press, 2006).

The Cuban revolution in 1959 changed the shape of the country and projected it
onto the world stage. A useful work covering the revolutionary years and the socialist
transformation of Cuba’s economy, polity and society after the triumphal entry of the
barbudos into Havana in January 1959 is Geraldine Lievesley, The Cuban Revolution:
Past, Present and Future Perspectives (New York: Palgrave MacMillan, 2004).
Abundant reflections on Cuba’s post-revolutionary history can be found in the many
biographies of some of the revolution’s main actors. Unfortunately, it is simply
impossible here to list but a few among the—literally—thousands of available refer-
ences about the life and complex personality of Cuba’s comandante en jefe Fidel
Castro: the recent Volcker Skierka, Fidel Castro: A Biography (Cambridge, UK:
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Polity, 2006) has been translated into several languages from the German original
edition; less up-to-date is the “classic” biography by Tad Szulc, Fidel: A Critical
Portrait (New York: Harper Collins, 2000). Castro’s autobiographic interview with
the former director of Le Monde Diplomatique, Ignacio Ramonet, is another valuable
reading on Cuba’s 50-year leader and is easily available in several languages:
Fidel Castro, Ignacio Ramonet, Fidel Castro: My Life. A Spoken Autobiography
(New York: Scribner, 2009). The life and political thought of the Argentine-born
guerrillero heroico Ernesto “Che” Guevara, which partially overlap with Cuba’s
attempts to export revolution in Latin America during the 1960s, have been the
subject of another flurry of works. Among the most valuable are: John Lee
Anderson, Che Guevara: A Revolutionary Life (New York: Grove Press, 1997);
and Paco Ignacio Taibo II, Guevara, Also Known as Che (New York: St. Martin’s
Press, 1999), translated into various languages from the Spanish original.

The Cuban revolution greatly affected world politics in the second half of the
twentieth century. It is not surprising that Cuba’s foreign relations have become the
subject of intensive research in recent years. In particular, in October 1962 Cuba
came to be the stage of one of the most dramatic episodes of the confrontation
between the United States and the Soviet Union. While the “Cuban missiles crisis”
is recollected in virtually any book dealing with the political history of the twentieth
century, the Cuban viewpoint on those events and their aftermath is recollected in
two valuable works based on Cuban oral and written sources: Bruce J. Allyn, James
G. Blight, David A. Welch, Cuba on the Brink: Castro, the Missile Crisis, and the
Soviet Collapse (Lanham, MD: Rowman and Littlefield, 2002); and James G.
Blight, Sad and Luminous Days: Cuba’s Struggle with the Superpowers after the
Missile Crisis (Lanham, MD: Rowman and Littlefield, 2007). More generally,
Cuba’s thorny relationship with its powerful northern neighbor is the subject of the
recent 500 page work by Lars Schoultz, That Infernal Little Cuban Republic. The
United States and the Cuban Revolution (Chapel Hill: North Carolina University
Press, 2009), based on extensive research in US archives and Cuban public sources.
The indispensable reading on Cuba’s involvement in African revolutionary and
national liberation struggles, based on Cuban sources, is Piero Gleijeses, Conflicting
Missions: Havana, Washington, and Africa, 1959—1976 (Chapel Hill: University of
North Carolina Press, 2002).

The collapse of the Soviet Union in 1991 provoked a dramatic shock in Cuba’s
economy and society. However, despite bookshops everywhere in the world
being filled with tenths of variations on the theme of Cuba’s transition out of
socialism and into capitalism, such a transition did not actually occur. The adap-
tation of the island’s economy to the new conditions is analyzed, with a prescrip-
tive attitude and some contempt at Cuba’s “incomplete transition”, in Carmelo
Mesa-Lago, Jorge F. Pérez Loépez, Cuba’s Aborted Reform: Socioeconomic
Effects, International Comparisons, and Transition Policies (Gainesville, FL:
University Press of Florida, 2005). A more descriptive attitude, focusing on both
the difficulties and the resilience of the post-1991 Cuban economy, is instead that
taken by Jorge Dominguez, Omar Everleny Pérez Villanueva, and Lorena
Barberia (eds.), The Cuban Economy at the Start of the Twenty-First Century
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(Cambridge, US: Harvard University Press, 2005), which collects the works of
economists based both in Cuba and the US. Finally, while virtually any book or
newspaper article dealing with Cuba will touch on controversial questions
regarding the island’s political system, there has been very little scientific work
done on the latter’s actual working: one of the few notable exceptions, the fruit
of years of in-the-field research with Cuba’s municipal, provincial and national
assemblies in the 1990s, is the work by the political scientist Peter Roman,
People’s Power: Cuba’s Experience with Representative Government (Lanham,
MD: Rowman and Littlefield, 2003).
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Chapter 4
The Teaching of Physics in Cuba
from Colonial Times to 1959

José Altshuler and Angelo Baracca

4.1 General Introduction

The history of science has experienced remarkable progress in recent decades,
especially thanks to detailed studies referring to the most scientifically advanced
countries. This approach has led to fundamental contributions to the understanding
of the mechanisms responsible for the advances of science in general, and their
interaction with social, economic, cultural and human development. Such contri-
butions pave the way for a complementary subject of general interest: the study of
the advancement of science in the so-called Third World countries. As far as these
are concerned, generally speaking it can be said that each one presents itself as a
separate case, for which complete histories of individual scientific disciplines have
been published only rarely.

In this paper, we examine the teaching of physics from its origins up to the 1959
Revolution.! While this choice originated in the intrinsic interest of the subject
to national historiography and culture, the result may have a wider significance.
It shows how dealing with a small country with a relatively recent history, whose
scientific development is concentrated essentially in the last two centuries, can be
of practical advantage for the historian. To this, it may be added that Cuba repre-
sents the very special case of a country that, after a long period of scientific
underdevelopment, has been able to create in the last decades a considerably

This paper is based on an earlier Spanish version which was published in 2004 in Liull: Revista de
la Sociedad Espariola de Historia de las Ciencias y de las Técnicas (vol. 27, n°60, 557-608).

'The subsequent period will be dealt with in the chapter by Baracca, Fajer and Rodriguez.
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advanced national scientific system where some specialties have reached genuine
international levels, in spite of the country’s limited natural resources and its
involvement in a particularly complex international situation.

The present paper will concentrate on the study of the first one and a half centuries
of the teaching of physics in Cuba, starting from the early interest or activities in this.
To provide the appropriate context, we will begin by going back in time to the early
local signs of a modern scientific sensitivity, scornful of scholastic teaching and fond
of experimental approaches, under the belated but stimulating influence of the
European Enlightenment. We will go over individual cases during the initial phase of
the country’s academic physics in some detail, firstly during the initial period of
colonial rule, and then from the beginning of the twentieth century to the triumph
of the 1959 Revolution. We thus hope to make the fundamental aspects of our subject
reasonably consistent and abiding, even though further historical research may
eventually throw new light on relevant details, personalities and events.

4.2 General Survey

To appreciate the circumstances and the character of the period of the first cultural
and scientific interests in Cuba that are described in the following, it seems impor-
tant to take into account the specific conditions under which the island was ruled.
For almost three centuries, Spanish colonial rule prevented by all possible means
the formation of a culture, self-consciousness and an identity rooted in the country.
One of these means was the systematic prohibition of the circulation of ideas, and
such other restrictions which transformed the island into a large-scale military
domain. A young person wanting to pursue higher studies in Latin America had to
enroll in one of the three universities existing at that time in the region: the University
of Santo Tomds de Aquino in Santo Domingo (1538), the University of San Marcos
in Lima (1551), and the Real y Pontificia Universidad de México (1551). It was not
until 1728 that the king of Spain Phillip V approved the foundation of the Real y
Pontificia Universidad de San Jerénimo in Havana and the first printing shop opened
in Havana a little earlier. But the climate for intellectual debate and scientific inves-
tigation remained hostile, as can be gathered from the fact that the “Consejo de
Indias” banned the printing of the monthly newspapers, the Gazeta and the Mercurio.
As late as 1778, a law prohibited Americans and Spanish residents in Cuba from
“studying, observing or writing on subjects related to the colonies.” Due to those
restrictions the scientific and intellectual situation in Cuba showed a significant
delay in comparison with other Spanish colonies, as we will see.

The economic and social situation in the colony underwent some remarkable
developments in the last decades of the eighteenth century. A part of the white popu-
lation of the island formed a small bourgeoisie, while a restricted creole middle class
enriched itself by participating in contraband, the slave trade and the sugar industry.
In this environment, the early ideas of technical modernization arose, driven also by
the wind of new ideas arriving from abroad. The stimulating and subversive ideas of
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the century of enlightenment began to infiltrate Cuba, also through the young people
who returned from their studies abroad, in particular, from the United States.

This wind of renewal, however, entered with considerable delay the sphere of the
university which in Havana was under the rule of the Dominican order; the develop-
ments were faster in other Spanish colonies where the academic milieu was under
the control of the much more progressive order of Jesuits.

The real adoption of the spirit of enlightenment and the introduction of modern
teaching of physics was due to Father Félix Varela in the Seminar of San Carlos in
Havana, around 1814 (Sect. 4.5) while at the same time the University of Havana
continued to cultivate an obsolete scholastic culture.

Specific courses on mathematics, physics and chemistry were formerly offered
only in the modern secular courses by the San Carlos Seminar, and later introduced
at the University of Havana, when it was secularized in 1842. Several reforms were
incorporated in the subsequent decades, following major institutional changes in
Spain. Despite progress, throughout the nineteenth century and in the republican
period of the first two decades of the twentieth century (national sovereignty being
grossly limited by the government of the United States), the scientific activity in
Cuba was mostly limited to the Academy of Medical, Physical and Natural Sciences
(established in 1861) and the University of Havana. Higher-level science courses
were basically aimed at the training of high-school teachers in mathematics,
physics, chemistry and biology, and remained at an essentially qualitative and
conceptual level. The use of mathematics as a tool was generally marginal and
research activity was largely absent.

In spite of the great political changes following the war for independence
(1895-1898), the domain of scientific teaching was not affected. The situation
began to change only from the 1920s. Up to the 1940s, for the first time a modern-
ization and extension of the physics courses took place at the University of Havana
with the creation of courses worthy of that name, with rigorous scientific criteria
and substantial use of mathematics and of laboratory work serving as an effective
means of teaching. These improvements depended moreover on a very limited num-
ber of essentially self-taught professors with outstanding scientific sensitivity (both
in physics and in mathematics) and were driven by the great scientific progress in
the industrialized countries, and by goals of reaching a higher scientific rigor. They
took place in the context of the growing aspirations of the new middle-class milieus
following the modernization of the country.

A very important aspect is that this wind of renovation was reflected in the
improvement of the teaching of scientific subjects in secondary schools: several
high-school physics textbooks in the early 1940s and the 1950s show an excellent
scientific level, while their pedagogical approach was as good as that of the standard
textbooks used in Europe and the United States at that time.

In spite of objective limitations, one must acknowledge that when the 1959
Revolution broke out there was among the Cuban population a small stratum of
individuals with a good basic training in physics, who could provisionally make up
for the due lack of trained university personnel, since the above mentioned profes-
sors either retired, or left the country, as will be seen in Chap. 5 below.
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4.3 Experimental Physics vs. Scholasticism

The innovatory movement of the scientific Renaissance that was intensifying in
sixteenth-century Europe could not penetrate the closed environments of the first
universities in Latin America since Spain rejected the germination of this progress.
Therefore, peripatetic scholasticism shaped the content of the universities in Santo
Domingo, in Lima and in Mexico.?

The Enlightenment in Europe included the generalized spreading of the ideas of
scientific physics and the definitive incorporation of these to the Western cultural
heritage. Throughout the eighteenth century the prestige of the Newtonian view-
point was consolidated after it was successfully applied to the solution of a large
number of physical problems, while experiment in itself became the subject of real
cult, heavy with philosophical implications. With obvious exaggeration, Voltaire
wrote: “We learn more from the single experiments of the Abbé Nollet than from all
the philosophical works of antiquity.”

In particular, accepting the Copernican astronomical model or not, and more
generally, the scholastic approach, which was purely discursive and hostile to the
practice of observation and experimentation, became time after time a motive for
ideological quarrel between the most enlightened elements and the most conserva-
tive ones within the Catholic Church.

It was not until the second half of the eighteenth century that experimental science
began to awaken intellectual interest and generated a movement in Spain as well as
in America (as observed by Humboldt on his travels). The universities of Spanish
America became a preferential stage for the struggle between the old school and the
renovating ideas. But this intellectual panorama of the second half of the eighteenth
century did not reach the University of Havana, whose statutes were inspired by the
original Dominican university. Therefore, in absence of the scientific spirit, the
direct study of nature, of experimentation, the disengagement from dogmas, made a
late appearance. Apart from medicine, no scientific matters played a role in the
university. What was taught was the physics of Aristotle.

Thus, for example, while at the Xaverian University of Bogotd, governed by the
Jesuits, the Copernican model was already taught in 1755, following a manuscript
entitled Physica specialis et curiosa.®> Not until July 1797 was the doctrine of
Copernicus referred to and publicly defended at the Real y Pontificia Universidad
de San Jeronimo (Royal and Pontifical Saint Jerome University) of Havana, which
was under the aegis of the Dominican friars since its founding in 1728.! It was the
student Manuel Calves who did it while he was engaged in the defense of two
Bachelor of Arts theses which favored that doctrine. It is quite telling that the fol-
lowing year he denounced head-on “the universal grudge [toward] the experimental

2See, for example, Vitier (1938), 21-33 and Gruzinski (2004).

3Arboleda and Soto Arango (1991), 13. Betancourt-Serna specifies how the Jesuit author of
Physica specialis et curiosa Francisco Javier Trias obtained his information about actual physical
debates in Europe. It seems that Trias read books written by Spanish Jesuit professors of mathe-
matics at the Imperial College in Madrid, see Betancourt—Serna (2007), 733-734.
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doctrine” held by the Dean of the Medical School of the same institution (Lépez
Sanchez 1973, 8-10).

The rector of the university, the Dominican priest Juan Chacén, asked the
“enlightened” Spanish King Charles III to create the chair of “Philosophia experi-
mentalis” for setting up an Academy similar to that of Spain. But in 1767 (the year
of the expulsion of the Jesuits) the King denied the request. Instead the King ordered
to dedicate one of the two previously existing mathematics chairs to the teaching of
legal matters. Again, a quarter of a century later, another modernizing rector, priest
José Ignacio Calderén, did not succeed in introducing a study plan that included
“experimental philosophy, Geometry and Calculus, with everything related to this
transcendental part of Mathematics” (Simpson 1984, 43—-45, 69-70). In spite of
those attempts to renew the study of science, the University of Havana was conse-
quently condemned to remain for a very long time a rigid bastion of the most obso-
lete scholasticism, as was the case with other universities in Spanish America also
under the aegis of the Dominican order.

That obstacle considerably delayed the spreading of the physical sciences in
Cuba with respect to progress made in their teaching in some of the more enlight-
ened institutions in Spanish America. Universities of other capitals of the colonial
Vice-Royalties were less constrained by royal rule as was Havana, where the Royal
and Pontifical Saint Jerome University was the only institution of this kind. It was
possible, for instance that in one of them—the St Nicholas of Bari University in
Bogotd, governed by the Augustinian order—a general reform was instituted in
1773, that demanded the

... banishment or total elimination from schools of all that peripatetic philosophy and theol-
ogy full of useless and apprehensive subjects, which are good for nothing save for wasting
time, and teaching instead a useful and worthwhile philosophy, capable of preparing the
students for fruitful study at the other faculties and finding the truth, which is the end to
which all aim at. (Arboleda and Soto Arango 1991, 30-31)

Another example that illustrates the point in a very concrete way is the publica-
tion in Mexico, in 1774, of a textbook “for teaching modern physics at the chair of
philosophy of the St Francis of Sales College,” written by Juan Benito Diaz de
Gamarra (Ramos Lara 1994, 35). A similar text came to light in Cuba only four
decades later, as will be seen below.

The introduction of modern science to Cuba had the general support of the most
influential native sugar barons. One of them, Nicolds Calvo y O’Farrill, the owner
of one of the country’s largest sugar factories, was interested in experimental phys-
ics, and more generally in science. This could have responded to the need for devel-
opment of the island’s productive forces. He excelled with the introduction of
“various mechanical improvements he had invented” in his model sugar factory, and
for having actively championed the creation by the end of the eighteenth century of
a school for chemistry and botany. This he did with a view to increase the profit-
ability of the country’s sugar agroindustry.* At that time, he had built up a collection

*See Ely (2001), 95 and Moreno Fraginals (1978), 128; on the Cuban sugar industry, see also
Guerra y Sanchez (1964).
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of physics instruments and equipment in the European style, whose contents are
mentioned by Father Caballero in his March 1801 panegyric, dedicated to Calvo,
who he says was

.. surrounded by machines, books, plans, and instruments. The harpsichord, the camera
obscura, the electric machine, the pneumatic machine, the lodestone, the celestial and ter-
restrial spheres, the barometer, the thermometer, the hydrometer, a whole chemical appara-
tus, a collection of botanical and pictorial wonders, Newton’s prism, the telescope, a solar
microscope, and who knows what other thousand contrivances related to the exact sciences,
were the jewels that embellished his tireless devotion. (Caballero 1801, 301)

Nothing was as fitting as giving priority to the development of chemistry and
botany over physics as a support for the plantation economy of Cuba that existed at
the time.> On the other hand, mining development—especially that of silver—,
which was the primary economic interest of Spain in a country like Mexico in the
second half of the eighteenth century, urgently required greater scientific support for
the training of the corresponding branch specialists. This urgency is reflected in a
document dated 1774, which was addressed to the King “in the name of the mining
industry of this New Spain.” The document contains a proposal made to create a
school where, in addition to chemistry, mineralogy and metallurgy, an experimental
physics course would be taught that included “mechanical machinery, hydrostatics
and hydraulics, aerometry and pyrotechnics.” The high-level institution that was
demanded—The Royal Mining Seminar—was inaugurated on January 2, 1792,
with a European teaching staff (Ramos Lara 1994, 57-64, 70).

4.4 The Papel Periddico and the Patriotic Society
for Modern Science

On January 9, 1793 the Real Sociedad Economica de Amigos del Pais (Royal
Economic Society of the Country’s Friends or Royal Patriotic Society) was inaugu-
rated at the Governor’s Palace of the island of Cuba.® Its creation was the result
of the

.. insistence of some twenty rich Cubans of distinguished families, enlightened through
their trips abroad and their contact with foreign civilizations; who backing the initiatives of
an illustrious governor—don Luis de las Casas—, demanded the foundation chart of the
Economic Society for identical purposes as those of the similar institutions that had been
created in the mother country years before.”

5This does not mean that knowledge of some of the modern industrial elements that began to be
introduced in the Cuban sugar industry, particularly steam engines, were totally insignificant: see
Guerra y Sanchez (1964), 53-54.

5Societies of this kind were part of a movement within the enlightenment to renew the economical
organization of a country. The Spanish societies took the example of French precursors.
"Raimundo Cabrera, president of the Sociedad Econdmica de Amigos del Pais (Economical
Society of the Country’s Friends) from 1910 to 1923 in 1952, quoted by Fernando Ortiz (2001,
122).
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The enlightened forces that gathered around the Economic Society had begun to
show themselves publicly in the Papel Peridodico de la Havana newspaper, founded
in 1790, where it was not long before the first foreign news appeared about scientific
subjects, especially in the realm of experimental physics (Dfaz Molina 1991,
64-71). The spread of information of this kind no doubt had the effect of making the
scientific backwardness of the island more and more obvious to the more enlight-
ened strata of the population, because years went by and nothing was done to rem-
edy the situation from an institutional viewpoint. Accordingly, it was no surprise
that a moment arrived in which the situation seemed untenable to some, to the point
that in the March and May 1798 issues of the Papel Periodico articles were pub-
lished that launched an unusually harsh attack against the fossilized scholastics still
prevailing at the university, which blocked the introduction of modern science
teaching. The author was Father José Agustin Caballero who, under a pen name,
wrote the following:

Scholasticism, terrifying as it is, has died forever in Europe [...] The black shadows that
darkened delicate minds disappeared with it. Its place was occupied by the torch of truth:
experiment. These were repeated. Their effects were collated. Experience was formed and
from the dirty diapers of syllogistic arguments, rational philosophy, experimental physics,
methodic chemistry and all the other natural sciences, emerged luminous and brilliant,
shaking out the dust of chimerical entities. [...] Thus it is in all of wise Europe, and it
should be so all around the world. But, is it so in Havana? [...] I do not want to affirmatively
say no, because there are some people that by getting over immense worries have succeeded
in touching by themselves the light of true philosophy. [...] I can see progress (and anyone
will see them) in music, painting, writing, poetry. But where are the lights that should have
be introduced after those ill-praised Aristotelian darknesses were eradicated? What is our
chemistry? What is our experimental physics? What is our mathematics? What is...?
Perhaps I want too much. But will anyone want to deprive me of my yearning for the desire
that my wish be known? (Caballero 1801, 73, 164—-165)

However justified Caballero’s lament was, almost two decades would pass before
modern physics—i.e., essentially experimental, as it was then understood—began
to be systematically taught in the country, though there were some attempts at
advancing its introduction. Some individual initiatives illustrate how new physical
knowledge began to spread at the island. In two advertisements published in the
August 1804 issue of the Papel Periddico, a Spanish-born physician living in
Havana, Eugenio de la Plaza, offered to teach mathematics and physics

... with all the paraphernalia of machines and instruments needed for the instruction of the
students to whom [he would explain] the subjects in Spanish language according to the
method of the Madrid Imperial College. (Plaza 1804)

We do not know who Eugenio de la Plaza’s students were—if he ever had any—nor
whether he really got hold of the material media required to support the corresponding
experimental demonstrations in the announced courses. In any case, we have already
seen that some of the main physics apparatus of the time were known by certain mem-
bers of the country’s elite. It should be remembered, by the way, that Volta’s battery—
the device that opened the door to electrodynamics in 1800—did not appear in the
collection of Nicolds Calvo as described by father Caballero, which is quite natural, for
it was a very recent invention at the time. We do not know when the first one arrived in
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Cuba, but it is quite probable that it came as part of the luggage of a certain Nicolds
Niderburg, a self-styled physician who proclaimed that he was a disciple of Galvani
and Volta, since in 1807 he declared that he had demonstrated in Havana applications
of the “galvanic fluid” to people suffering from various illnesses.?

Whatever the reality might have been, it should be noted that while the knowledge
of the advances of modern physics was spread in the island of Cuba, thanks perhaps
to some public show, the news and comments supplied by the Papel Periddico or at
most by the extremely limited gatherings of some enlightened member of the upper
classes,’ the teaching of the matter had already been institutionalized quite seriously
in some regions of Spanish America of more economic importance for the mother
country. This was perceived by Alexander von Humboldt when he arrived in New
Spain (México) in 1803, where he found that its Mining School had a chemical labo-
ratory, a geological collection, “and a physics department which included not only
precious [European] instruments, but also models locally made with the greatest
accuracy, and of the best woods of the country.” Humboldt, who had already visited
Cuba in 1801 and saw nothing of the like worth mentioning, could perceive some-
thing radically different in New Spain: “No city in the New Continent, including the
United States—he wrote years later—presents scientific establishments as big and
solid as the capital of México” (Ramos Lara 1994, 59-64, 70).

Quite the opposite, at the beginning of the nineteenth century the outlook for sci-
ence in Cuba could not be less devastating, with the possible exception of the scien-
tific work of the Havana born chemist José Estévez y Cantal, who had been a student
of the outstanding French chemist Joseph Louis Proust in Madrid (Leroy y Gélvez
1954b). Because of its obvious interest for economics and medical practice, after
some time chemistry was to receive the wholehearted support of the Patriotic
Society, in which most of the azucareros were organized in order to increase pro-
duction rates (Sdenz and Capote 1989, 23-24). This kind of support was much less
direct and clear in the case of physics. The introduction of this science in Cuba took
place mainly for ideological reasons, as a part of the struggle against scholastics
which was waged by the island’s learned, led by the archbishop of Havana, Juan
José Diaz de Espada y Fernandez de Landa, who had taken up his diocesan post at
the beginning of 1802 (see in the following).

8This information comes from the summary of a pamphlet by Niderburg (1807) which appears in
Catalog #36 of Hesperia, an antique bookshop in Saragossa. It is described as “a very curious
advertising pamphlet on the Cuban stay of a showy itinerant physician, self—styled pupil of Galvani
and Volta, who installs in Havana his “machines” for the application of the galvanic fluid, and also
sophisticated ones invented by himself: “fumigatory (azote del gdlico)” and “inhalatory” (for the
“‘inhalation of oxygen air, fixed air, hydrogen gas and nitrous gas,” ideal for the “illnesses to which
the female sex is subject to, applied to the corresponding part of the body).”

In the minutes of the Ordinary Meeting of the Real Sociedad Economica de Amigos del Pais
dated February 20, 1807, it is stated that Niderburg submitted to the institution a dedicated “report
on Galvanism,” no doubt with the purpose that the Society might endorse and print it, but it was
understood that “the Sociedad had nothing to gain from accepting such a dedication [and] it
decided to return it to its author.”

9See also Zeuske and Zeuske (1998), 171-188.
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In several viceroyalties, non-university teaching centers had played an important
role since the sixteenth century. These colleges were under the control of religious
orders and aimed to form select social groups. In Cuba, for example, the Real y
Conciliar Colegio Seminario de San Carlos y San Ambrosio was established in
Havana in 1773 as an institution to influence Cuban society. It was not primarily a
religious seminar dedicated to ecclesiastic issues, but also covered other subjects,
such as physics, chemistry and even offered a short-lived course on the constitu-
tional law. No other teaching center in Cuba succeeded in encouraging the progres-
sive minorities as did the San Carlos college: its influence was particularly strong in
the period in which the colonial society developed its cultural identity and under-
lined its cubanidad (“Cubanity”).

4.5 The First Regular Courses in Physics in the Style
of Félix Varela (1814-1841)"

In 1800, Juan José Diaz de Espada y Ferndndez de Landa!' (1756-1832) was
appointed Bishop of Havana and arrived in the city in February 1802. A peculiar
priest endowed with a deep intelligence and uncommon energy, Bishop Espada
undertook a thorough overhaul of the church and of the social institutions. His
activities ranged from fields such as culture, education, health, and moralization of
the diocese, to public works. He was a member and later president of the Sociedad
Fatriotica. His writings express his views against slavery and were in favor of the
development of agriculture in Cuba beyond the sugar economy. He also joined
Tomas Romay in his campaign for vaccination against smallpox. Espada made use
of the control he had over the Real y Conciliar Colegio Seminario de San Carlos y
San Ambrosio (abbreviated to the San Carlos Seminar in the following) to dissemi-
nate from their new ideas that had no place at the University of Havana and thus
provided an institutional opportunity to support the most gifted individuals.!?> In
order to appreciate his attitude, it can be remarked that frequently he burst into the
seminar in order to personally ascertain how the pupils behaved.

In the seminar, Bishop Espada decided to “gather together in a single direction
the studies of philosophy and prompt a substantial change in their contents.”
In April 1811, to take care of the chair of philosophy he chose Félix Varela y
Morales, a 23-year old Cuban born deacon whom, by the end of the year, he also
made a presbyter exempted from the normal age requirement (Torres-Cuevas 1995,
124-125). Since the fourth volume of Varela’s work Instituciones de filosofia
ecléctica para uso de la juventud, published in 1814, probably embodies a course of

0For additional details to those given in this section, see Diaz Molina (1991).

"Extended books on Espada are for instance those by Garcia Pons (1951), Figueroa and Miranda
(1975) and Torres-Cuevas (1995).

12For generally accepted viewpoints and ways of teaching, See, for instance, Garcia Pons (1951),
chapter X VI, 136153, and passim.
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the elements of mathematics and physics that he taught his students at the time, it is
quite reasonable to consider it to be the first physics textbook written in Cuba.'?
We might appreciate once again the direct interest of the Cuban sugar industry
owners in the development of scientific disciplines, which could promote technical
improvements:
Mill owners were hard-working members of the Economic Society and the Development
Board; mill owners persuaded Father Varela and Saco to initiate the teaching of physics and
chemistry in Cuba in order to meet the needs of the sugar industry; mill owners brought
over the chemist, Casaseca, and founded our first botanical garden; mill owners imported

steam-driven machinery to run sugar mill rollers and ... also organized our first public
service railway company. (Guerra y Sdnchez 1964, 56)

Here, the role of Alejandro Ramirez must underlined: He established an important
link between different Spanish domains in the Americas, fostering the ideal of
enlightened institutions. In his first administrative position in Guatemala, he became
a member of the Sociedad Economica de Amigos del Pais and the Consulado de
Comercio, both of which promoted liberalization in Guatemala. The aim of these
groups of enlightened men was to reform agriculture, industry and mining. The
reformers focused on the introduction of new plants and techniques to agriculture.
In 1816, Alejandro Ramirez was appointed supervisor of finances (Intendente de
Hacienda) in Havana, after having spent some years reforming the economy in
Puerto Rico. In Havana, he immediately became a member of the Sociedad Econémica
and was put in charge of the education section of this organization. He then proposed
the creation of chairs for botany and chemistry at the University of Havana, in addition
to founding a botanical garden (Puig—Samper and Maldonado 2005).

4.5.1 Félix Varela’s Lecciones de Filosofia

There is, however, good reason to think that it was not until 1816 when Varela’s
physics classes began to be supported by a solid experimental base, as can be
observed in volumes 2 and 4 of his Lecciones de filosofia (philosophy lessons),
published in 1819 and 1820, respectively. For there is every indication that only in
1816 and afterward could the philosophy chair of the Seminar acquire quite a good
collection of instruments and devices appropriate for work on some important
branches of physics.!* As explained by Varela himself in 1822:

13Meaningfully enough, the first two volumes of this work were written in Latin and were entitled
Institutiones philosophiae eclecticae ad usum studiosae iuventutis.

4That 1816 was the year when the physics laboratory of the San Carlos Seminar was created can
be inferred from a letter by José de la Luz y Caballero, dated May 4, 1832, where, when referring
to what was then kept from that laboratory, he states that “after sixteen years of continued use, and
in the hands of the students, a part of the apparatus that were made to come from London at that
time at the request of Mr. Don Félix Varela, still subsist serviceable and in very good shape after
sixteen years of continuous use, and in the hands of students.”
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[the collection of instruments] we owe to the generosity of the bishop of that diocese
[Espada], but it is only stocked up in the branches of pneumatics, electricity, galvanism and
astronomy, though in this last one much of the absolutely necessary is lacking. All of the
instruments are the most modern ones and from the best English factories, since for the
greater part they are from the well-known Adams firm."> Those for electricity and galva-
nism are identical to the ones depicted in the plates of my lessons of philosophy [...]
(Gonzdlez del Valle 1942, 201)'°

According to the authoritative testimony given in 1832 by José de la Luz y
Caballero, who had been a student of Varela and later succeeded him in the chair,
his former teacher

was the first on this soil who put the philosophy class of the Colegio de San Carlos, spiritu-
ally and corporally as well, allow me the expression, at the level still preserved, which the
advances of the experimental sciences required already at the time. (Luz y Caballero
1832, 97)

Manuel Gran, author of a detailed critical study of the contents of volumes 3 and
4 of Varela’s Philosophy Lessons, points out that in order to assess the merits of
his work,

it is important to realize that when he [...] wrote his physics he had been a teacher for only
a few years, and was teaching many other things at the same time [...] while organizing the
laboratory work, paternally training his students and, at the same time, studying and writ-
ing. From what remains from him he doesn’t seem to have gone into the notions of higher
mathematics; [to which it should be added that] he lived at a time in which it was very dif-
ficult to be updated on the latest developments of the sciences. (Gran 1945)

Still, according to his former students, Varela “received books and periodicals
published in Europe on the physical sciences, and [...] kept himself and his pupils
up to date with the latest discoveries and novelties” (Rodriguez 1878, 37). While
on the subject, it should be pointed out that throughout his textbook, reference is
made to some 50 works (by Brisson, Biot, Chaveneau, Nollet, Haiiy, Davy,
Almeyda, Gamarra...), and that the third volume of each of the successive editions
(printed in 1824, 1828, 1832, and 1841) of the Lecciones, where the physics topics
are concentrated, was systematically updated.

Judging by the contents of the Lecciones, the physics course which was taught at
the San Carlos Seminar corresponds to what we would call today “high school

According to the same source, a refractor telescope and three artifacts for the demonstration of
astronomical phenomena, acquired in London by Bishop Espada, were incorporated to the same
collection the following year. On the other hand, it cannot be ruled out that previous to all those
acquisitions from abroad, Varela might have used some locally made instruments—perhaps with
his own hands—, for his experimental demonstrations, as one is led to imagine from the explicit
mention by Luz of the existence in the instrument collection referred to, of “two concave silver
plated mirrors [...] made here in Havana to demonstrate the law of the reflection of the caloric”
Luz y Caballero (1832), 96-97, 118, 131.
15For the catalogue of Adams, see Damerow und Lefevre (1985).

1These lines belong to the “Brief account of the state of the studies in Havana,” that Varela pre-
sented to the Direccion General de Estudios in Madrid, on May 14, 1822, while he was in the
Spanish capital as a Cuban diputado a Cortes (member of Parliament).
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level,” explained with plenty of experimental work and demonstrations. Varela’s
textbook is clear and concise, peppered with personal opinions and observations,
which lend it a very sui generis hallmark. The following paragraph, taken from the
original volume 4, can be taken to illustrate this:

Last year [1819] during the heaviest downpours, at seven o’clock in the morning, and in the
room used for the classes of philosophy in this [San Carlos] seminar, which is quite humid
because of its location, it happened repeatedly that when a Leyden jar was hung on the
conductor of an electrical machine so that it would be perfectly isolated, in spite of that,
after a few turns of the machine it was charged to the point that it gave a strong detonation
with a spark when the exciter was applied. This experiment did not come out as well when
the atmosphere was clearer, but I must confess that I have never been able to absolutely
avoid charging an isolated bottle, and I conclude that our atmosphere is never capable of
providing such an insulation as obtained in cold places, for which reason electrical machines
in this country do not give the same effects as in Europe. (Varela 1820, 307)

Varela continued teaching physics at the San Carlos Seminar (and teaching les-
sons on Constitution, since 1820) until, after being elected as a Cuban representa-
tive to the Cortes (Spanish Chamber of Deputies), he left for Spain in April 1821.
The teaching of philosophy was entrusted to his former student, José Antonio Saco,
who would later on shine with his own light in public and intellectual life but whose
command of the subject does not reach the level of his teacher. Saco published in
1823 a brief treatise entitled Esplicacion de algunos tratados de fisica (Explanation
of some physics treatises), where he deals with the subject “not breaking the barri-
ers that isolate physics from other sciences, chemistry in particular,” but at the same
time clearly stating:

I do not write for those who have a vast knowledge of these subjects, I write only for those
who wanting to acquire some ideas and in the absence of authors who may teach them,
come to me to find a summary of what they have said. (Saco 1823)

Saco’s text is basically qualitative and descriptive. It explains, in a very elemen-
tary form, some (mainly chemical) characteristics of gases, the properties of water,
and some minimal notions of cosmography, chronology, geography, meteorology,
and geometry. In a volume he published at a later date, Saco reprinted three reviews
that he considered “samples that [would] tell the Cuban posterity what was the state
of the teaching of the physical sciences in Havana in 1823 and 1824” (Saco 1824),
this last year being that when he resigned his professorship at the San Carlos
Seminar to travel abroad to meet his former teacher in the United States. Varela had
been living there since the end of 1823, having established himself in that country
to escape the death sentence imposed by king Ferdinand VII on the members of the
Cortes who, like Varela, had opposed the return of absolutism to Spain. To replace
Saco, Bishop Espada appointed José de 1a Luz y Caballero to take care of the teach-
ing of philosophy and physics. Luz y Caballero, who was another brilliant disciple
of Varela, remained active in that post until 1826, when he resigned for health
reasons.

In this phase of Cuban history, therefore, the peculiar figure of Bishop Espada
played a fundamental role in the introduction of an enlightened attitude and the
first rigorous scientific conceptions, by compensating to a certain extent for the
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inactivity of monarchical institutions, in spite of further attempts by himself, as we
will see in the next sub-paragraph. Two gifted individuals, namely Varela and Saco,
benefitted from his policies at the San Carlos Seminar to help lay the foundation of
modern physics in Cuba.

4.5.2 The Backwardness of the University:
Arango’s Reform Proposal

In the first decades of the nineteenth century, the Colegio Seminario de San Carlos
y San Ambrosio enjoyed a solid reputation as the leading teaching institution in the
country, in contrast to the situation then prevailing at the University of Havana:

Public opinion has duly recognized the teaching quality of the Colegio Seminario—wrote
its director, Justo Vélez, in 1826—, for while the university is nearly deserted (except in the
medicine classes [the only ones taught at the university that the Colegio did not duplicate]),
the Colegio has an average of five hundred external [non-religious] students attending the
chairs of grammar, philosophy, mathematics, and jurisprudence. (Simpson 1976)

Besides the backwardness of the teaching system at the University of Havana,
the entrenchment of corrupt practices had considerably contributed to erode the
prestige of the institution in the public eye. The mere fact that the rector and the
secretary of the university received an additional income for each degree awarded,
contributed to promote corruption at the institution, to the point that it ended up
awarding “an amazing number of major degrees [...] in the most informal, disgusting
and indecent way,” as literally expressed by a distinguished university professor in
a letter to Francisco de Arango y Parrefno (Simpson 1976).

Arango was a top leader of the sugar mill owners in Cuba. In 1825, he was entrusted
by the colonial authorities with the reform of higher education. In October 1826, he
met with the staff of the university with the goal to obtain from them opinions and
suggestions for reform. This was in the spirit of the reform intended for the Spanish
universities, which, according to its original aims, should guarantee “solid monarchical
and Christian education and instruction” with the purpose of “forming new men
and new customs, and close forever the abyss of all revolutions,” though “without
ignoring [...] the real progresses of the useful sciences” (Simpson 1984, 117).

In the end, the dialogue with the university led nowhere. Between 1826 and
1828, Arango and Bishop Espada also exchanged views on this subject which were
much closer to each other. Espada’s viewpoint, and that of Varela as well, was that
in order to produce a substantial reform of higher education in Cuba, it was impera-
tive that the University of Havana get rid of the tutelage by the Dominicans and be
reconstructed in the style of the San Carlos and San Ambrosio Seminar College.
This seems to be the basic idea behind the first article of the first title of the final
version of the plan elaborated by Arango: “The San Jerénimo [Havana] University
will be eliminated and in its place another one will be established.” It was further
specified that, among other subjects, “experimental physics, chemistry, elements of
natural history, principles of mathematics, of nautics, of surveying, and of geometry
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applied to the arts” would be taught. But the proposal never prospered, since it was
shelved in Spain, where it probably arrived in September 1828 (Simpson 1976). The
colonial authorities confirmed once more their enduring unenlightened attitude.

4.5.3 Luzy Caballero and the Gabinete
de Fisica del San Carlos

Luz y Caballero, meanwhile, who in 1826 had resigned his post at the San Carlos
Seminar, had recovered considerably from his ailments to the extent that on March
1828, accompanied by José Antonio Saco, he set sail for the United States, where
both would establish a close relation with their former teacher, Félix Varela. One
year later, Luz extended his trip to Europe, where he met quite a few scientific and
cultural personalities, among them the eminent physicists and chemists physicists
and chemists Joseph Louis Gay Lussac, Louis Jacques Thénard and Jean Baptiste
André Dumas, and the famous geographer and naturalist Alexander von Humboldt,
who had visited Cuba in the early 1800s. Humboldt offered to establish in Havana
“a regular service of hourly magnetic observations,” a project that Luz would pro-
mote after his return to Cuba, but without success because, once again, of lack of
official support (Chavez Rodriguez 1992).

By the end of 1830, while visiting Venice, Luz was asked by Justo Vélez, then
director of the San Carlos Seminar College, to buy equipment and enrich the institu-
tion’s physics, chemistry and astronomy laboratory and lecture demonstration hard-
ware, which he accomplished with outstanding rationality and efficiency. In 1832 he
complemented it with a detailed information on the items bought in an extensive letter
addressed to Vélez, who found it “so full with exact ideas and enlightening data” that
he sent it for publication in the prestigious journal Revista Bimestre Cubana, the organ
of the Patriotic Society (Vélez 1832). The document listed the instruments and appara-
tus the College had at its disposal in 1832 for the teaching of physics, chemistry and
astronomy, among them those inherited from Varela’s time. Luz differentiated “research
instruments” from “instruments for pure demonstration or teaching,” and remarked that
occasionally he did not buy the best offered in the European market, for he thought that
“not always the best was the best for the case.” And he added:

According to the principle of economy, that I have adhered to whenever possible without
detriment to teaching, I have endeavored to modify various apparatus, asking the manufac-
turers to make them not according to their description in the treatises, but with some altera-
tions that tend to make them simpler and even usable for assembling other ones similar to
them, and also endeavored every now and then to make the demonstrations easier. Plenty of
examples of the first are offered by the instruments of mechanics, hydrostatics, etc., which
T omit to avoid excessive detail, and there will suffice to illustrate the second the addition of
an opaque glass to Biot’s apparatus for light polarization, so that each student doesn’t have
to look for himself one at a time, as is the case with the standard instrument, but all of them
can observe at the same time, as in a camera obscura, the phenomena of double refraction,
and all the rest [...] In this way, once accustomed to save money and apparatus, the student
is taught to find a way to do much with meager means [...] (Luz y Caballero 1832)
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As stated by Justo Vélez in May 1832, the San Carlos and San Ambrosio Seminar
College owned by then “a collection [of instruments and equipment] so numerous
and brilliant [acquired] at so little expense” that it possessed “everything required
for the teaching of natural sciences” thanks to Luz y Caballero’s enlightened col-
laboration (Vélez 1832). At that time, physics was taught at the College by Francisco
Ruiz, who benefited from Varela’s personal advice by mail (Torres-Cuevas 1995,
352, 359).

Still, Varela’s basic approach, already adopted by the “enlightened youth” or
“liberal youth” led by Luz y Caballero—which, of course, transcended the teaching
of physics—, met with strong opposition from the supporters of the status quo. Justo
Vélez himself, though for different reasons, tried to discard Varela’s textbook and
replace it with another one that followed the so-called “Scottish school”!” (Torres-
Cuevas 1995, 32), against the opinion of Luz, which by the end of 1833 he expressed
as follows:

Physics can be advantageously taught from volumes 2 and 3 of Mr. Varela’s philosophy
lessons, by adding to it a treatise on physical astronomy [...] There are several data that
recommend the work by Mr. Varela for teaching. It is brief, it is at the level of the recent
discoveries, written under an excellent plan; and as far as style goes, suffice it to say that
[...] no writer has given among us a better demonstration of what a truly didactic language
should be. (Diaz Molina 1991)

The very fact that the fourth edition of Varela’s Lecciones de filosofia appeared
in 1832, and the fifth and last one 9 years later, is a clear indication that this textbook
continued to be widely used in the country for a long time.

The introduction of modern concepts and method in the teaching of physics at the
San Carlos Seminar therefore played a fundamental role in spreading the ideas of the
enlightenment and thereby circumventing the persisting resistance of the Dominicans,
which prevented such ideas from entering the Real y Pontificia Universidad.

4.5.4 In Search of Alternatives for the University Crisis

With the relegation in Spain of the educational reform proposed by Arango y Parrefio
and the passing of bishop Espada in August 1832, the attempts at a higher education
reform in Cuba came to a halt. On the other hand, the need for the island to train not
only future physicians, lawyers, teachers and churchmen, but also technical personnel
in various branches (i.e., creating some form of what we would now call a public
“polytechnic institute”), became more and more obvious.

Already by the end of 1826, the Navy commander Angel Laborde had made the
proposal to move the Nautical School that had been in operation since 1812 in the
town of Regla, on the opposite shore of the bay of Havana, so as to use that School

"Traditionally, the Scottish system has emphasized breadth across a range of subjects, while the
English, Welsh and Northern Irish systems have emphasized greater depth of education over a
smaller range of subjects at secondary school level.
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as the foundation of an institution where “useful” matters would be taught such as
pilotage, mechanics, civil architecture and languages. By the end of 1832, the
island’s Agriculture and Trade Royal Board decided to support the idea and ordered
the drafting of a report on the matter to a committee where José de la Luz y Caballero
would play the leading role (Simpson 1976).

With inspiration drawn from the Asturian Institute created by Gaspar Melchor de
Jovellanos in Spain, and also from the information he had obtained during his previ-
ous trip to Europe, mainly Germany, in December 1833 Luz presented to the Board
a report on the creation of an “essentially practical and experimental [Cuban
Institute] similar to that established in Gijén, for the benefit of all the Asturian
people, as that of Havana would be for all those born in Cuba.” Since quite obvi-
ously this project competed fundamentally with the university reform proposed by
Arango y Parrefio, this caused some friction between the two authors. In the end,
however, both proposals came to nothing, except for the belated creation of a much
needed chemistry chair and laboratory which were inaugurated in Havana around
the middle of 1837 by the Real Junta de Fomento (led by sugar plantation owners)
and headed by the remarkable Spanish chemist José Luis Casaseca, who was men-
tioned earlier (Simpson 1976).

In any event, it must be said that as with the case at the San Carlos and San
Ambrosio Seminar College, at the Havana San Jerénimo University physics teach-
ing (intermingled with that of chemistry) was a part of the philosophy lessons that
were taken during 3 years by the students who were working for their Bachelor of
Arts degree. But while at San Carlos the subject was explained in a “modern” style,
in the Spanish language and emphasized experimental work—especially since
1816, with the help of the physics laboratory created that year as already said—, at
San Jerénimo the subject was taught and scholastically discussed in Latin, in an
abstract and speculative way, with the predominance of Aristotelian-Thomistic mat-
ters, though at times some “modern” physical ideas cropped up, as can be gathered
from the following propositions defended by university degree candidates:

Horror to vacuum as an attribute of Nature should be totally discarded, and should be put
among the inventions of the Cartesians. [Year 1815]

Astronomy declares that the light of the Sun and that of the planets is the same, and Fraunhofer’s
experiments totally confirm it. [ Year 1829]

Water is decomposed by galvanic electricity. [ Year 1840] (Leroy y Gélvez 1976)

Still, physics teaching remained extremely poor and outdated at the university,
compared with that given at the San Carlos Seminar College and at some private
educational institutions dedicated to train students for taking the Bachelor of
Arts (or philosophy) degree at the university.'® An important contribution to the

8 These schools, which existed for several decades in Havana with spacious premises, libraries,
and laboratories, were the ones named San Cristébal or Carraguao, founded in 1829, San
Fernando, founded in 1832, and the Colegio de Humanidades. In particular, José de la Luz y
Caballero, appointed Carraguao’s Literary Headmaster in 1832, was in charge of the teaching of
physics from 1834 to 1835. To enter those schools, the San Carlos, or the university, a “purity of
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indefinite continuance of such a situation was the fact that it was the rule at San
Jerénimo that the subject was to be taught not by a permanent professor but by
different religious readers who changed each year and had to share this task with
the teaching of the other subjects in the Bachelor of Arts study plan (Leroy y
Galvez 1976).

The backwardness and general deterioration of teaching at the university
became more evident as time went by. By the mid-1830s, a group of doctors who
were professors there—among them, the highly respected doctor Tomads Romay—
openly asked the colonial governor, Miguel Tacén, to tidy up the university by
taking it out from the convent of the Dominicans and relieving it from their control.
If it is taken into consideration that at the time the great period of nationalization
of the idle property owned by the Church had begun in Spain under minister
Mendizabal, it will be understood that the action demanded by Romay was not
unrealistic. On the other hand, reports continued to arrive that provided evidence
of the backwardness and corruption at the university and demanded from the colo-
nial authorities some quick action to improve the situation. In view of all this, in
August 1840 governor general Pedro Téllez Girdn created a commission to study
the matter and make the appropriate recommendations. In June of the following
year, the commission presented to the newly appointed governor, Jerénimo Valdés,
the results of their work, which included a new study plan and new regulations for
the university. While this was happening in Cuba, in Madrid a commission spe-
cially created by the Direccion General de Estudios (Head Office for Education)
completed the drafting of its report on the state of public education in the Spanish
colonies, which was handed over to the Overseas Minister on July 31, 1840. As
stated in the report, from the data at the disposal of the commission (many of them
directly arrived from the island)

a truth that was already known to the Direccién General now shows itself totally confirmed;
and it is that the reform of higher education in the Island of Cuba should not be delayed, the
emancipation of the university from the dependence on the Dominican Friars [being
urgent...] The university must experience no less than a complete reform: its management,
its teachings, everything demands modifications and neither one or the other can be delayed
any longer. (Simpson 1984, 164-165)

The Spanish monarchy was very much in favor of introducing such a university
reform as the one brought forward, not so much because of the progress it meant
from an academic point of view, as for the fact that it put in the hands of the
Government the total control of public education in the colonies, which gave it the
opportunity to check on the development of national and anti-colonial conscience
that was growing at the time in overseas educational centers. All of this, supposedly

blood” certificate was required from prospective students, which blocked the entrance of blacks
and mulattoes. For economic reasons, only the descendants of the well-to—do classes had the pos-
sibility of entering these schools, except for the few offspring of the underprivileged who were
lucky enough to be awarded free tuition. About the same time, other quality private schools were
founded, such as those known as Buenavista in Havana, La Empresa in Matanzas, and Santiago in
Santiago de Cuba, respectively run by José Antonio Saco (in 1832), the Guiteras brothers, and Juan
Bautista Sagarra, see Buenavilla et al. (1995), 36-38.
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did not require new expenditures, since it was anticipated that any additional
expenses derived from the introduction of the reform would be paid for by an
increase in the registration fees and other surcharges.

In summary, these developments show how institutions in Cuba were organized
and how they intermingled in the development of sciences. The conservatism of
Dominican higher education that was reflected in the San Jerénimo University con-
trasted with the relatively low-funded Seminar of San Carlos. Two forces helped to
overthrow this situation: Cubans who were highly aware of international standards
in sciences and who aspired to participate in an international scientific or economic
community formed one of the pressure groups. The second force was the develop-
ment of colonial rule itself which guided even the Spanish governments in rework-
ing the academic landscape left after the independence of so many Latin American
colonies between 1810 and 1825.

4.6 The Secularized Colonial University Takes Over
(1842-1898)

On December 29, 1841, the Spanish Crown decreed a Royal Order establishing the
new regulations that thereafter would become the basic tenets of public education in
Cuba in general, and of higher education in particular. It also included a stipulation
that unfortunately was not carried out: the creation in Havana of an institute as the
one formerly proposed by Luz y Caballero, where “mathematics, living languages,
physics, elements of chemistry and other principles useful for industry, agriculture
and commerce” would be taught. Soon after the arrival of the Royal Order on
February 1842 a Junta General de Inspeccion de Estudios (General Board for the
Inspection of Studies) was created, in charge of specifying the details for the appli-
cation of the reform. On April 24, the Junta handed out its proposals pertaining to
secondary and higher education, which were officially approved on August 24
(Simpson 1984, 170-171). Complying with an order issued by Governor Jerénimo
Valdés on October 31 the Dominicans left the building where their convent of Santo
Domingo or San Juan de Letran had been lodged, just behind the Governor’s palace,
and established themselves in the town of Guanabacoa. Two days later they for-
mally handed the building over to the San Jerénimo University of Havana. The first
course of the now secularized university was inaugurated on November 19, 1842
(Armas et al. 1984, 119-120).

The now secularized University of Havana was created with the faculties of
law, pharmacy, and medicine and surgery, respectively dedicated to the training of
lawyers, pharmacists and physicians in the degrees of bachelor, licenciado (graduate),
and doctor. New students had to first acquire a degree of bachelor of arts or bachelor
of sciences before entering into these so-called “major faculties.” This was awarded
after studying for 4 years at the Faculty of Philosophy, known as a “minor faculty.”
Theology was no longer included as a degree course in the study plans of the
University of Havana.
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Bachelor studies at the Faculty of Philosophy had an encyclopedic character. It
included

. a wide range of subjects: mathematics, physics, chemistry, natural history in all its
branches, Greek language, oratory, and literature, especially Spanish literature; geography,
chronology, and history, especially national history, philosophy (logic, metaphysics, ethics,
and moral philosophy and history of philosophy), religion and natural law. [... Only] in the
final degree examinations special emphasis would be put either on arts or on sciences,
according to the kind of bachelor degree aimed at. Obviously, the course was excessively
wide-ranging, even for students of the same age of those taking junior high school these
days [...] (Simpson 1984, 174)

No additional physics courses were included in the “major faculties,” nor in the
science courses required to obtain a licenciado degree in the Faculty of Philosophy.
The difficulties in creating a chair of physics at the University of Havana were not
simply due to colonial issues. Sdenz and Capote (1989, 22) point out that also in the
Spanish universities of Alcald de Henares and Salamanca, the teaching of Newton
and Galileo was refused.

The first professor appointed to teach physics at the newly secularized university
was the director of the botanical garden of Havana, Pedro Alejandro Auber (1786—
1843), a French-born botanist who had become a naturalized Spaniard. He had
acquired some formal training in experimental physics while studying medicine in
Madrid (Puig-Samper and Valero 2000, 169). He died some 5 weeks after the inau-
guration of the course, which was then taken over by the Canarian-born lawyer
Domingo Leén, an extraordinary professor at the Faculty of Philosophy (Leroy y
Galvez 1979, 4).

4.6.1 The 1840s and 1850s: The First Physics Laboratory
at the University

Appointed by Governor Jerénimo Valdés, the Asturian born extraordinary professor
of the Faculty of Philosophy, Feliciano Carrefio (1810-1847), was entrusted in
September 1843 with the professorship of physics at the University of Havana.
During the three and a half years he taught physics at the University, he published,
for the first time in the institution, a formal study program for the subject and pro-
moted the buying of instruments and related hardware to equip the physics
laboratory. According to the annual report for 1869-1870,

The physics laboratory did not start to materialize until November 27, 1843, when at the
request of Mr. Feliciano Carrefio, professor of the subject that he was at the time, some
apparatus worth 600 pesos were bought, whose number has been repeatedly increased
whenever allowed by the allotted budget. (Universidad de la Habana 1870, 22)

After the passing of Carrefio in March 1847 his place was occupied by the
Havana born lawyer and doctor of philosophy, José Zacarias Gonzdlez del Valle
(1820-1851), who became an extraordinary professor of the Faculty of Philosophy
after taking a competitive examination, and published in 1849 his Lecciones
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elementales de meteorologia (elementary lessons in meteorology) for use of his
physics students. Since Gonzélez del Valle had become seriously ill in early 1851,
Ramén Zambrana (1817-1866), a bachelor of philosophy and doctor of medicine
and surgery, also born in Havana, substituted him until the end of the year (Leroy y
Gélvez 1979, 10).

It is almost superfluous to remark that none of the professors in charge of the
physics courses at the University of Havana had received specific training in this
scientific field. On the other hand, interest in this matter of modern teaching was
spreading in Cuban society. It is interesting in this respect that in 1850 a very good
quality translation from French into Spanish of Francois Marcet’s Cours de physique
expérimentale (Marcet 1850), published in Havana, was announced as a work
accessible to “beginners and readers of all kinds,” which followed the lessons taught
by the author at the Geneva Industrial School. The translator, José Manuel Mestre,
who was a prominent cultural figure in Cuba (Pruna Goodgall and Gonzilez 1987,
57), made clear in the first pages that he had undertaken the translation “at the
request of the physics professor of the Royal University” Gonzélez del Valle and
with the help of his advice. This textbook had, as compared with that of Varela, the
appeal that it dealt quite fully with steam engines and their applications, but its
treatment of electromagnetism and optics was less extensive. The growing interest
in scientific matters is testified by another initiative, that is, the foundation in 1861
of the Real Academia de Ciencias Medicas, Fisicas y Naturales de La Habana,
which gathered the most prominent scientific personalities of the country.'® The
already mentioned Ramén Zambrana y Valdés was appointed as the first General
Secretary of the Academy, until his death.

Another scientific institution created was the Physical-Meteorological Observatory,
founded in 1856 by Andrés Poey, though it had to be closed in 1869 for political
reasons. All this shows that in the mid-nineteenth century, different initiatives pro-
moted modern science in Cuba, as the introduction of the decimal metric system in
1849 also indicates (Sdenz and Capote 1989, 20, 22).

Nevertheless, these ferments were late in arriving to the University of Havana.
From the above, it can be gathered that although the first 10 years of the presence of
“modern” physics at the University of Havana were characterized by the instability
of the teaching staff in charge of it. However, during the same time, a physics labora-
tory was created and the first program for the subject and some complementary
teaching material were published. From the fact that the fifth and last edition of Félix
Varela’s Lecciones de filosofia was published in 1841, it is reasonable to assume that
the third volume of this work—the one that dealt with physics and chemistry in an
excellent pedagogical way—substantially influenced the fashion in which the corre-
sponding subjects were taught during the period referred to. Actually, although the

”See Pruna Goodgall (1986, 2010) and Pruna Goodgall and Ortega (1985). Actually, the first
proposal for the creation of an academy of sciences had been sent to the Governor of Cuba in 1826
by Nicolds J. Gutierrez and Francisco Alonso, whom Tomds Romay joined, sending his proposal
to the king of Spain, who did not answer. After further meetings, proposals and petitions, on
November 6, 1860, the Royal Decree from Queen Isabel II authorized the creation of the Academy.
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teaching of physics at the University of Havana stabilized during the following four
decades, the course continued to be delivered by professors with no specific training
in physics. Correspondingly, the textbook used up until the end of the century was
the Spanish translation of the 1851 edition of Adolphe Ganot’s Traité elementaire de
physique expérimentale et appliquée et de météorologie, whose contents were essen-
tially descriptive.? The professor who took charge of the course from the end of
1851 until his death was the Cuban born Antonio Caro y Cerecio (1826-1891), a
medical doctor by training, who had learnt some (elementary) physics himself>!:
from 1851 on, save the period 1876-1879,%2 he was in charge of the all the teaching
of physics at the University of Havana until 1881, when, in addition to a subject
called expanded physics, the subjects named higher physics 1st and 2nd courses were
introduced (Leroy y Gélvez 1979). In this period modest measures were taken, such
as allocating larger and independent premises to the physics laboratory, and providing
it—as stated by rector Antonio Zambrana in 1861—with

... a sizable assortment of machines and instruments which, while not making up a fully
equipped laboratory, they do cover the essential teaching needs [while] at the same time
[...] the walls and the floor have been repaired to the extent that the humidity that is so
detrimental to the success of experiments and to the best preservation of apparatus has
disappeared. (Zambrana 1861, 10)

As will be seen in the following, though several attempts were made later to
elevate the teaching of the subject by the introduction of higher-level courses, the
end results left much to be desired.

4.6.2 The 1863 Study Plan: The Creation of Secondary
Education Institutes and of the Faculty of Sciences

In accordance with a Royal Decree by Isabella II dated July 15, 1863, the Spanish
Crown established a public education plan for Cuba, a plan originally proposed by
the former governor of the island, José Gutiérrez de la Concha. With a view to

2 Ganot’s textbook was wholly reworked several times by Georges Maneuvrier so that it incorpo-
rated a certain mathematical level in dealing with some topics and was very much used as a text-
book or reference work on general physics in Spain, France and other countries until well into the
twentieth century. The fact that in its twentieth French edition, published in 1887, it is stated that
the work has been rewritten “according to the most recent university programs” is quite illustrative.
However, in the Spanish translation of the 24th edition, published in 1909—whose mathematical
level is lower—, it is pointed out that the book has been written “according the official programs
for secondary teaching.”

21 A student of the outstanding Spanish chemist José Luis Casaseca from 1845 to 1848, Antonio
Caro was awarded the licenciado degree in sciences (1850) and a doctoral degree in medicine and
surgery (1857), and became an expert embalmer.

21n these years, Caro was temporarily put in charge of the chair of therapeutics, medical matter
and art of prescribing, which was part of the Faculty of Medicine: in his place, the chair for experi-
mental physics was covered by Manuel J. Caiizares.
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effectively implement it, on September 28, governor Domingo Dulce issued a
decree which eliminated the former Faculty of Philosophy and transferred the more
elementary teaching in their charge to newly created high schools called Institutes
for Secondary Education, where pupils who finished their studies would be awarded
the bachelor of arts degree. The first institutes for secondary education were estab-
lished in Havana, Santiago de Cuba, Matanzas and Puerto Principe (Camagiiey), the
island’s most populated cities at the time.

The old Faculty of Philosophy was replaced by two newly created faculties, that
of Philosophy and Humanities (Filosofia y Letras), and that of Sciences, but only
nominally until 1871 (when they were granted permission to teach courses up to the
bachelor degree (Simpson 1984, 224)). In practice they engaged in teaching sub-
jects corresponding to a so-called “preliminary period” with a duration of 1 aca-
demic year, which was implemented so as to provide the new incoming university
students with a reinforcement and extension of certain subjects whose notions they
had been taught in high school.

In the preliminary or “extension” period “certain subjects [were given] appropri-
ate to the faculty or degree course that the students would have to follow,” such as
law, pharmacy, and medicine and surgery (Universidad de la Habana 1870, 10). The
students who graduated from high school and wanted to enter the first degree
courses had to previously pass the subjects of the “arts section” given in the Faculty
of Philosophy and Humanities: world history, geography, and Latin literature, while
those who wanted to follow the degree courses in pharmacy or medicine and sur-
gery had to pass the subjects corresponding to the “sciences section,” taught at the
Faculty of Sciences: mineralogy, botany, zoology and geology (in the charge of
Felipe Poey), general chemistry (in the charge of Cayetano Aguilera), and experi-
mental physics (in the charge of Antonio Caro, as already mentioned) (Universidad
de la Habana 1866).

The chair of zoology, botany and mineralogy (with its natural history museum),
the chair of general chemistry (with its laboratory), and the chair of experimental
physics (with its laboratory) all belonged to the Faculty of Sciences, which com-
prised three sections: exact sciences, physical sciences, and natural sciences.

It should be noted that the physics laboratory then belonging to the university
left much to be desired, as suggested by the fact that in the university report for
1864-1865 it is stated that the said laboratory “still needs many means for the
students to be able to do their extension studies in a convenient form” (Universidad
de la Habana 1866, 17). In later reports some 120 apparatus for mechanics, ther-
mology, optics and electricity—some of them said to be in bad state or not used
at all—are listed as part of the collection of items belonging to the physics
laboratory.

While this was happening at the University of Havana, in 1864 at the Institute for
Secondary Education of Havana, thanks to the initiative of its first headmaster,
Antonio Bachiller y Morales, a physics laboratory was created ““so that the teaching
of physics could have an experimental basis.” According to a rare pamphlet pub-
lished at the beginning of the twentieth century and preserved as an item of the
physics apparatus collection of the Institute, “with a lot of effort Bachiller y Morales
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managed to provide it with 154 apparatus, which soon became useless because of
careless handling.”*

Within the context of the educational reforms of 1863, high school teaching at
schools run by Jesuit priests was put on a level with that of the governmental
Institutes for Secondary Education. As far as the San Carlos Seminar College is
concerned, it was associated with the university in the sense that it was entrusted
with the task of preparing its students to take the philosophy or Theology degree
exams. The San Ildefonso Seminar College of the island of Porto Rico was associ-
ated with the University of Havana in a similar fashion (Universidad de la Habana
1870, 10).

4.6.3 The Academic Restrictions of 1871-1878

The outbreak of the first war for the independence of Cuba on October 10, 1868, had
an impact on the academic life of the country, as the university became a source of
conspiracy against colonial rule. With the explicit wish to control the teaching staff
so that “it would not [instill] pernicious doctrines, or [turn] science into a revolu-
tionary platform,” hard line governor Blas Villate (Count Valmaseda), decreed on
October 10, 1871, a draconian “reform” that drastically diminished the content
taught at the university.>* This decree eliminated doctoral studies from the Law,
Pharmacy, and Medicine and Surgery faculties. From then on those studies had to
be done in Spain, as was to be the case with the licenciado and doctoral studies
included in the faculties of Sciences and of philosophy and humanities. Still, the
new situation allowed for the continuation of the teaching of physics extension at
the University of Havana, since that subject belonged to the period of preliminary
studies (Leroy y Galvez 1963).

The quoted text continues thus: “When in 1888 Dr. Claudio André took charge of the Physics
Chair [of the Institute for Secondary Education of Havana], he drew attention to the fact that most
of [those] apparatus were in poor condition. They continued to be, without being either repaired or
replaced, to the time of Dr. [Fernando] Reynoso, when a part of the academic fees was used to buy
many of those it contains today, [which were then] classified, put into good shelves, though better
suited for an exhibition than comfortable for daily use of the apparatus, and great care was taken
for their preservation by naming for the purpose such an intelligent person as Mr. Placido Biosca,
who presently holds the physics professorship at the University of Havana, thanks to whose initia-
tive many apparatus were acquired.”

2By then, both the private schools and three of the island’s four Secondary Education Institutes,
considered to be “dangerous and too liberal,” had been closed down and only the Institute of
Havana was kept functioning though quite precariously, Buenavilla et al. (1995), 56-57. By way
of an eloquent context, it is worth recalling that less than 7 weeks after Valmaseda’s decree came
into force, the most despicable and bloody act of colonial repression against Cuban university
students took place, which was the execution by a firing squad, on November 27, 1871, of eight
medical students who had been falsely accused of desecrating the grave of a journalist who had
been an out—and—out champion of Spanish colonial rule.
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When the first Cuban war for independence came to an end in 1878 after 10 years
of armed struggle, the Spanish governor and captain general, Arsenio Martinez
Campos, decided by a decree he signed on September 10 that year (sanctioned a
year later by a royal order) to restore, as from the 1878—1879 academic course, the
doctoral and other high level studies that had been suppressed by Valmaseda. He
pointed out that the restoration was carried out

... for the good of the studious youth and as a deference to the university, which from its
very creation had the right to award doctoral degrees, until October 10, 1871, when it was
deprived from this power that was one of its most esteemed merits. (Leroy y Galvez 1963)

But restoration of doctoral studies did not apply to those studies done at the
faculties of sciences and of philosophy and humanities: in these faculties, indeed,
the highest degree awarded was that of bachelor (Universidad de la Habana 1873,
115). In fact, in 1877-1878 only one bachelor degree was awarded in the Faculty of
Sciences. According to the Martinez Campos decree, this sufficed to “provide the
country with adequate teachers for secondary studies.” To attain the bachelor of
sciences faculty degree it was required to pass the following study plan:

First year: 1. complements of algebra, geometry and trigonometry (daily lessons); 2. phys-
ics (daily lessons); 3. geography (lessons on alternate days).

Second year: 1. analytic geometry in two and three dimensions (lessons on alternate days);
2. general chemistry (daily lessons).

Third year: 1. zoology and mineralogy (daily lessons); 2. botany with notions of geology
(daily lessons).”

Students who wished to enter the Faculty of Sciences were required to have a
bachelor of arts awarded by an institute of secondary education and, in addition,
have some knowledge of linear and architectural drawing (Leroy y Gélvez 1963).

4.6.4 The 1880 Study Plan

It soon became obvious that the country’s flawed educational system needed
improving. With a view to improve the situation, a royal decree dated June 18, 1880,
was issued that put higher and secondary studies under the same regime as the cor-
responding ones in Spain. In accordance with the decree, teaching in Cuba was
reorganized so that, among other things, the creation of secondary education
Institutes was authorized in the two provincial capitals where they did not exist yet,
the post of auxiliary professor was created, the bachelor degree at university faculties
was suppressed and the degree of licenciado degree was restored for studies done
in all faculties, including those of sciences and of philosophy and humanities. The
1880 plan was the fourth and last one that was officially in force at the university
during colonial times.

% Note that the subject called physics in the above was actually the one called experimental phys-
ics, as formerly taught by Antonio Caro.
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... the reform has taken the first step toward the assimilation of studies with the metropolis
... This plan establishes in this university the faculties of philosophy and letters, and physical
mathematical, physical chemical, and natural sciences, up to the degree of licenciado
included. ... The bachiller has been suppressed in the faculty (Universidad de La Habana
1881, 50).

On September 26, 1880, governor and captain general, Ramén Blanco, approved
some provisional regulations required for the application of the royal decree that
included new study plans for secondary and university education in the country. In
particular, students doing the licenciado degree in physico-mathematical sciences
had to take obligatorily, starting from the 1880-1881 academic course, a subject
called Theory of Imponderable Fluids (caloric, luminic, electric and magnetic).? Its
teaching was entrusted to Manuel Cafiizares y Venegas (1833-?), licenciado of phi-
losophy (section of physico-mathematical sciences) and doctor of medicine and
surgery, born in Sancti Spiritus.?’” But this subject was never taught as such, since
soon after it was eliminated from the study plan and replaced by another one called
Fisica Superior (higher physics), following what had happened in Spain in August
1880.%8 In July 1881 Caiiizares was officially appointed professor in charge of the
subjects higher physics first and second courses, and practical exercises of higher
physics. These new subjects simply amounted to an extension of the expanded
experimental physics course, which in Spain was based on the French physics text-
books by Adolphe Ganot and Jules Célestine Jamin, to which another author Lozano
was added later on, whose first edition was published in 1890 (Leroy y Galvez
(1963), 24 and Moreno Gonzalez (1988), 392).

The above-mentioned provisional regulations approved by General Blanco for
the application of the royal decree were generally supported by a royal order dated
December 7, 1880, except that this stipulated that the three former sections of the
Faculty of Sciences (exact, physical and natural sciences) would be reorganized into

2This subject clear testifies how at the end of the nineteenth century the teaching of physics was
outdated with respect to most advanced theories in the most advanced countries: indeed, the
“imponderable fluids” arrived in Cuba from Spain, although their ultimate origin was France. As
mentioned, in the program of Fisica Experimental for the fifth course of secondary school in Spain
in 1846-1847 “the role assigned in previous programs to the so—called imponderable fluids, inco-
ercible or ‘dinamideos,” is reduced along with the more extensive denomination in our country
deriving from French textbooks. This is a weak, but reliable symptom of modernity since, among
other corrections to the physical theories, molecular physics, as it was first termed, began to spread
as an explanation for electrical, magnetic, light and calorific phenomena starting from the motion
of the molecules composing the substances. However, the contents of electricity and magnetism
of the reproduced official program still necessarily retain the theories of electric and magnetic
fluids ... The program of experimental physics is similar, although lighter, to the index of the Traité
élementaire de Physique expérimentale et appliquée et de Météorologie, by A. Ganot published in
its 6th edition in Paris in 1856,” Moreno Gonzailez (1988), 299-300.

*In 1871 Caiiizares had been appointed extraordinary professor in the Faculty of Sciences at the
time of the Valmaseda reform. As such, from 1876 to 1879 he had taught three courses on expanded
experimental physics in place of Antonio Caro, who had transferred to a chair in the Faculty of
Medicine, as remarked in Note No. 23, Leroy y Galvez (1979).

#This was in accordance with the stipulations of the Fermin Lasala Plan, Moreno Gonzdlez
(1988), 391-392.
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a section for physico-mathematical sciences and a section for physico-chemical and
natural sciences.

From the 1881-1882 academic course, students of the licenciatura in physico-
mathematical sciences, once they were awarded de bachelor of sciences degree, had
to take the following courses:

Differential and integral calculus, descriptive geometry, rational mechanics, geodesy,
expanded practical work in physics, higher physics (1st and 2nd courses), and higher phys-
ics (Ist and 2nd courses) practical work. (Universidad de la Habana 1882)

Another royal order, dated August 23, 1883, reestablished the doctor degree for all
the faculties of the University of Havana and included a subject named mathematical
physics in the study plan to be passed by students aiming at a doctoral degree in
physico-mathematical sciences (like in the mother country in 1880). There is no indi-
cation that it was ever actually taught, though in 1892 it was put under the responsibil-
ity of Professor Cafiizares’ chair (Leroy y Gdlvez 1979). Apparently, to obtain a
doctoral degree the essential requirement was to approve a degree examination, which
according to the 1880 Plan, entailed giving “a lesson composed by the graduate about
some point either from the faculty’s question paper or freely chosen” (Moreno
Gonzalez 1988, 391-398). A review of the doctoral theses during the period that are
kept at the central library of the University of Havana clearly shows that there was no
one dealing with physics, but even if there were one, it could be confidently presumed
that its approach would have been merely qualitative and discursive.

The training in physical sciences of the students of physico-mathematical sciences
surely experienced a considerable improvement after Juan Ords (1849-1911)—a
Cuban-born graduate of the Professional School of Barcelona and a member of the
previously mentioned Royal Academy of Medical, Physical and Natural Sciences in
Havanna—was put in charge of the teaching of the curricular subject rational
mechanics in 1883 (Universidad de la Habana 1902). His lessons finally were made
to follow Ch. Delaunay’s Tratado de mecdnica racional, that was already used as a
textbook at the universities of Madrid and Barcelona, and was translated from
French into Spanish in 1866 (Moreno Gonzdlez 1988, 505, 508).

It is interesting to remark that these changes at the university were carried out in
a context of substantial material development in Cuban society. The introduction of
electric lighting in Cuba during the second half of the 1880s not only attracted strong
public attention, mainly in Havana, where the first installations were made, but were
also echoed in the teaching activities of professors Antonio Caro and Manuel Cafizares.
Thus, for example, the latter dedicated to that theme his opening speech for the
18851886 academic course at the University of Havana (Cafiizares 1885) while
Caro became a sort of a journalist engaged in reporting and commenting on the most
significant news concerning the public lighting system that was inaugurated in the
cities of Havana and Cérdenas in 1889. The following can be taken as a sample of what
he wrote on the subject, where he refers to a curious linkage between the technical
applications he was describing and the physics lessons he taught at the university:

[During the first test of the Thomson-Houton system at the Central Park of Havana] we have
seen confirmed that its obvious superiority over all other systems is undeniable; and we
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have asserted this to our esteemed students at the university in their last course by drawing
the most detailed parallels between all lighting systems [...]. (Altshuler and Gonzalez
1997, 328)

Months before this note by Caro was published, the same Havana newspaper had
published a scientific popularization article especially written by José Echegaray,
the famous Spanish polymath, on the occasion of the inauguration of electric light-
ning in Cuba. This was aimed at explaining the main characteristics of the electric
current and its use for lighting in a very readable form by referring to the classic
hydraulic analogy. However, when referring to notions of electric current, resistance
and potential, he warned the reader that

It is not possible to explain in rigorous and scientific terms what this means in such an
article as this, for what will it mean for the reader that we tell him, for example, that the
potential is the integral of the electrical masses, divided by their respective distances to the
point under consideration? (Altshuler and Gonzdlez 1997, 329)

It is not preposterous to imagine the possibility that such a reference to a funda-
mental concept in the theory of electricity could have awakened in some of the
physics students an interest in deepening their knowledge of the concepts touched
upon in the physics extension course. But of such a possible incidental effect we
know nothing for sure, because from the available documentation it can only be
gathered that toward the end of Spanish domination of the island and even later,
physics subjects continued to be taught at the university without any appreciable
increase in their scientific level.””

As a general conclusion, we could say that the changes we have just discussed,
which were introduced in the last decades of the nineteenth century, actually had
concrete connections with a growing need for the technical modernization of Cuban
society. Still, the changes could not meet this need: the situation in fact reflected that
of the motherland, which was relentlessly declining with respect to progress made
in the most advanced countries, as the American military intervention in the Cuban-
Spanish war was to demonstrate.

4.7 The University in the Early Neocolonial
Period (1899-1922)

When Spanish colonial domination in Cuba officially ended on January 1, 1899,
the United States proceeded to militarily occupy the country, with the implicit
promise to later transfer its government to the nationals, who had been fighting for

The number of licenciados and doctoral degrees awarded every year by the Faculty of Sciences
(given in the Memoria Anuario of the University of Havana for the 1880s and 1890s) was quite
low: the licenciados oscillated between 4 and 13, with an exceptional rise to 25 in 1889-90. The
number of licenciados who received a doctoral degree was between 2 and 3, with a low of 1 in
1895-96, and an exceptional rise to 13 in 1899-1900 (in 188485 Plicido Biosca and Nicasio
Silverio, whom we will discuss in the following, received the doctoral degree).
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its independence for three decades. As a result of the heavy damage to agriculture
(the main resource of the former Spanish colony) and the decimation of the popula-
tion forced massive concentration of the rural population in cities, the situation of
the only existing university became as precarious as that of the other national
institutions.

The American military government named some Cuban officials to help with the
handling of several areas. One of them, the distinguished lawyer José Antonio
Gonzélez Lanuza (1865-1917), who was appointed Secretary of Justice and Public
Education, drew up a study plan for the University of Havana that came into force
by Military Order No. 212 of November 4, 1899, and was complemented by succes-
sive regulations, although it was in place only for 8 months, for the academic year
1899-1900.

The new study plan did not introduce any really fundamental alteration relative
to the former one, to the extent that it confirmed the generic professorship of all
those who up to then had held such a position. This considerably increased the
number of professorships, which had to be covered by increasing the teaching
staff and redistributing the academic tasks among its members. As the subsequent
secretary of education, Enrique José Varona (detailed in the following) wrote:

It was a plan of proliferation. It increased the professorships and split them. But all that
within the old lines and respecting the old teaching method. ... It did not take into account
that for such a luxury of professorships there would not be teachers, first, and then pupils
(Delgado Garcia 2008).

Thus, for example, Placido Biosca, a professor of general chemistry since 1892,
was transferred to the chair in charge of teaching the first physics course to the stu-
dents in the preliminary period, and the two first physics courses for the licenciado
degree students, while Manuel Cafizares was transferred to a chair dedicated to the
teaching of trigonometry and astronomy, and Nicasio Silverio, who formerly taught
chemistry, was appointed professor of the expanded physics chair, responsible for
teaching the third physics course of the licenciatura and also for the teaching of
meteorology, applied electricity and electrical measurements.

It very quickly became clear that the “Lanuza Plan” was unrealistic, because on
the one hand it did not respond to current needs, and on the other, its implementa-
tion was exceedingly expensive for a country in such a weak economic situation.
Accordingly, when on May 1, 1900, the distinguished Cuban polymath Enrique
José Varona® was appointed Secretary of Public Education, he immediately took up
the task of reorganizing higher education. His “Plan Varona” replaced the former

¥Varona (1849-1933) was a distinguished Cuban writer, philosopher and pedagogue, an enlight-
ened representative of the emerging Cuban middle class. He joined the ranks of those fighting for
independence from Spain. For his ideas, he was sent into exile, and in New York collaborated with
José Marti, and began in 1895 to head the newspaper Patria. During American occupation, he
became Secretary of Education. With the establishment of the Republic in 1902, he dedicated
himself to his work as a professor at the University of Havana, but then re-entered his political
activities, founding the Partido Conservador Nacional, and becoming vice—president from 1913 to
1917 during the presidency of Mario Garcia Menocal. Frustrated by the reality of the Cuban social
situation, in 1921 they gave a lecture entitled “El imperialismo yanqui en Cuba.” He became a
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“Plan Lanuza” by Military Order No. 266, dated June 30, 1900.%' In an article
published shortly after, Varona stated:

I think that our teaching should stop being verbal and rhetorical and be transformed into one
that is objective and scientific. Cuba does not need more than two or three literary persons,
but cannot do without a few hundred engineers. Here is the core of my reform. (Varona
1999, 207)

About the same time, Varona wrote to a colleague and friend to say that when
drawing up his reform plan for Cuban education, he was guided by a spirit of “self-
defense of the Cuban ethnic group, a defense such as it [was] possible and in the
field where it [was then] possible.” To this effect, he decided to reorganize national
education “in the American way,” assuming that Cubans had to “compete in the
industrial field, which [amounted] to saying in the scientific field, with the
Americans, if they [didn’t] want to be dislodged from the field” (Varona 1999, 217).

No doubt, it was in view of the above consideration that, according to Varona’s
plan, a school of engineers, electricians and architects, and a school of agronomy
were both included in a new faculty of sciences and humanities, together with the
schools of humanities and philosophy, pedagogy and sciences. The other university
schools belonged to two other faculties: medicine and pharmacy, and law. It seems
clear that Varona was inspired by the goal to modernize the country, in some sense
influenced by the example of the United States, in contrast to the backward
Spanish system.

Varona was inspired by the need to make studies more effective and to speed up
the preparation of a new generation of well-trained professionals. The “rationaliza-
tion” and “speeding up” he sought, favoring professionalization, rather paradoxi-
cally turned out to be detrimental to the study of the sciences, since this was reduced
to only 3 years and the three former specialized sections were eliminated, namely
those of physical-mathematical, physical-chemical and natural sciences which had
to be reintroduced in the academic year 19061907 (see below). Needless to say,
this was a relevant deficiency and contradicted the Varona project: interested as he
was in promoting the training of professionals with a practical background, he
undervalued the relevance of the basic natural sciences (mathematics, physics,
chemistry, biology). To be awarded a doctoral degree in the sciences, students had
to pass a long-study plan of three academic years, two drawing courses done at the
school of pedagogy, and some degree exercises. These consisted in giving one
model lesson and presenting a thesis on a subject chosen by the student from a list
produced yearly by an examination board.

Regarding the physics area, all the students of the school of sciences had to take
the following subjects: mechanics (with related laboratory work) in their first year;
physics Ist course (sound, heat and light, with related laboratory work) in their
second year, and rational mechanics and physics 2nd course (electricity and

symbol of intellectual liberalism and in his later years was a source of inspiration for many young
Cubans fighting against the dictatorship of General Machado.

31 See, for instance, Delgado Garcia (2008).
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magnetism, with related laboratory work) in their third year. In addition, the new
study plan required them to take, among other subjects, two semesters of mathemat-
ical analysis and courses in analytical and descriptive geometry, chemistry, astron-
omy, botany and zoology. This was a very heterogeneous study plan that in the end
produced only four doctors of science.

Such was the context in which the teaching of physics and related sciences at the
University of Havana was to proceed. As stipulated by the Platt Amendment, the
United States’s military occupation of the country was replaced on May 20, 1902 by
a Republican self-government, but was forced to accept new interventions whenever
the American government deemed it necessary.*

In the first week of May 1902, the university installations had been hurriedly
moved from their original premises at the old convent of Santo Domingo or San
Juan de Letran to the buildings of the former military barracks, located on the hill
presently occupied by the University of Havana (formerly known as Aréstegui Hill),
in the city’s Vedado quarter.*® The physics laboratory was installed:

in one of the old buildings beside the chair of the same name, equipped with eight depart-
ments of polarization and spectroscopy, six photographic dark rooms, water, gas and
electricity services, and enough working tables to enable a hundred students to simultane-
ously do their practical training in physics. (Universidad de la Habana 1903)

Regarding the school of sciences, some of the defects of the original Varona
Plan were soon evident, such as the elimination of the school’s three traditional
sections. These were re-instated during the second United States intervention
(1906-1909), by Decree No. 737 dated June 29, 1907, so that thereafter the titles
of doctor of physico-mathematical sciences, doctor of physico-chemical sciences,
and doctor of natural sciences were awarded to students who had passed the corre-
sponding 3-year study plans.

The approved study plans for the degree courses in physico-mathematical sciences
and physico-chemical sciences still underwent some adjustments. In 1907-08
important changes took place, although the concrete results would be obvious only
two decades later: the courses of Fisica General (one course, for students of medicine,
pharmacy, veterinary medicine and natural sciences) and of Fisica Superior

21t should be noted that the Platt Amendment was a stipulation included in a law on army
appropriations, approved by the United States government on March 19, 1901, which, among
other things, “grants the United States the right to intervene militarily in Cuba when the
American government considers that the citizens’ life, property or rights are endangered; [...]
forces Cuba to concede parts of its territory to the United States for it to establish naval or coal-
ing stations, and validate all the actions carried out by the military occupation government.
This amendment had to be [...] added as an appendix to the Constitution of the Republic of
Cuba. [...] Protest was very vigorous nationally [...] But the United States sent an ultimatum
[to the Cuban Constitutional Assembly] and the amendment was approved by a margin of four
votes” Cantén Navarro (1996), 80.

3The laboratories, the chair, the classrooms and the rest of the assets dedicated to the teaching
of physics were moved in 1916 to a new building, a twin of another one dedicated to the teaching
of chemistry. In 1928, when the Alma Mater statue was placed on top of the present monumental
entrance staircase, it stood symmetrically between the two buildings.
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(two courses) were introduced.** However, the level of the teaching of physics did
not improve substantially. The number of doctor titles issued by the Escuela de
Ciencias remained low, between 0 and 4. The political situation, which was a cari-
cature of a democratic republic, was not yet ripe: independence had disposed of the
past, but had not provided the means to deal with the present and build the future.

More specifically, higher physics (1st and 2nd Courses) was taught not only to
the physico-mathematical science students, but also to those doing physico-chemical
sciences, civil engineering, electrical engineering, architecture, and agricultural and
sugar engineering; and also to those working for their agricultural technician and
chemical and sugar technician degree courses. A subject named general physics,
of a lower level than that of the higher physics courses, had a place in the natural
sciences, medicine, pharmacy and veterinary medicine study plans.

In July 1900, the courses of both the higher and general physics were ascribed to
chair “D” of the school of sciences, Placido Biosca (1862-1923), who was appointed
by the American Military government. As different sciences in Cuba were taught in
one academic discipline, it was possible for one single person to acquire doctoral
degrees in different subjects. The Catalonian born Placido Biosca, for example, had
been successively awarded by the University of Havana a doctoral degrees in medi-
cine, in physico-mathematical sciences and in pharmacy in the period 1883—-1889,
in addition to the titles of chemical technician and mechanical technician. Having
received the general chemistry professorship in 1892 by passing a competitive
examination, he was transferred in 1899 to the physics chair of the Faculty of
Sciences when the ephemeral Lanuza Plan was implemented, as pointed out above
(Leroy y Galvez 1979, 19-20). In later years, his former student, Manuel Gran,
made the following comment:

Dr. Placido Biosca was an extraordinarily cultured man, with a broad training, especially in
chemistry. His classes were agreeable and full of intelligent remarks, but they were rather
like popularizations. A different approach would have required a very serious mathematical
knowledge and an iron will to impose a method with a hint of a university level in an envi-
ronment not used to it, and without the accordance of other teachings. (Gran 1942)

From October 1903 on, Placido Biosca deferred the teaching of the higher phys-
ics 1st course lessons to his assistant, head of the physics laboratory, Nicasio Silverio

3 For the 1907-1908 academic course, the subjects of the physico-mathematical degree course
were grouped as follows, Universidad de la Habana (1909):

First year: Daily lessons: (1) mathematical analysis (higher algebra); (2) geometry (higher and
analytic). Alternate day lessons: (1) trigonometry (plane and spherical); (2) line drawing; (3)
biology.

Second year: Daily lessons: (1) mathematical analysis (differential and integral calculus). Alternate
day lessons: (1) descriptive geometry; (2) cosmology; (3) higher physics, 1st course (mechan-
ics, heat, and sound); (4) general chemistry; (5) drawing from nature; (6) zoology.

Third year: Daily lessons: (1) mineralogy and crystallography. Alternate day lessons: (1) rational
mechanics; (2) geodesy; (3) astronomy; (4) higher physics, 2nd course (light and electricity);
(5) general botany.

This study plan underwent only minor changes in successive years. In particular, as from the
1914-1915 academic year, the 1st course in higher physics was placed in the first year of the
degree course, and the 2nd course was placed in the second year (Universidad de la Habana 1916).
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(1860-1926), who was a licenciado of medicine and doctor of physico-chemical
sciences, who had taught chemistry at the University of Havana from 1885 to 1898
and was later responsible for some of the physics courses, as mentioned above
(Leroy y Gélvez 1979, 21-23).

Since the subject known as rational mechanics can be considered as part of the
principles of physics taught to the physico-mathematical students at the University
of Havana, it is appropriate to recall that the corresponding lessons were given by
Juan Ords* from 1883 until his passing in 1911. The baton was passed to doctor of
physico-mathematical sciences and licenciado of medicine and surgery, Victorino
Trelles (1870-1951), who was then promoted to the chair of rational mechanics,
astronomy and cosmology (Parker 1919, 321-322). A comment is probably appro-
priate and meaningful on the above-mentioned person-dependent stories. Generally
speaking, one of the worst ills of the old university was the fact that chairs were
essentially autonomous and held for life by the professor in charge, whose knowl-
edge and personal taste would determine the way his subject was taught. For
decades, this was one of the main reasons for student protests.

While the study plan for the physico-mathematical sciences and physico-
chemical sciences degree courses remained nearly unchanged from 1908 to 1933,
some important changes took place during this period in the contents of certain
subjects and in the qualifications of the teachers in charge, as will be seen in the
following. Thus, for example, the teaching of mathematical analysis was greatly
improved from 1913 on, when it was left in the charge of Pablo Miquel. As to the
teaching of physics itself, it experienced a radical advance when it fell into the
hands of Manuel Gran in 1923.

4.8 1In Search of a Higher Level (1923-1958)

4.8.1 The 1923-1933 Period

The important qualitative change experienced in the teaching of physics at the
University of Havana during the 1920s coincided in time and spirit with the first
radical attempt to bring Cuban higher education up-to-date. Inspired to a large
extent by the university reform movement that began in Argentina in 1918, and

% Juan Ords y Presno was a Cuban-born industrial engineer, a graduate of the Escuela de Ingenieros
Industriales of Barcelona. He was also a member of the Academia de Ciencias Médicas, Fisicasy
Naturales de La Habana.

%The university revolution (revolucién universitaria), or Argentine university reform of 1918,
was a general modernization of the universities, especially tending toward democratization
brought about by student activism during the presidency of Hipdlito Yrigoyen. The revolution set
up the freedom for a university to define its own curriculum and manage its own budget without
interference from the central government. This had a profound effect on academic life at the
universities through the nationalization process that promotes academic freedom and independence
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led by an outstanding student leader, Julio Antonio Mella (1903—-1929), a similar
movement began at the University of Havana in 1923, whose goal was to modernize
higher education, eradicate the archaic teaching methods prevailing at the country’s
top educational center and to replace incompetent, absentee or corrupt professors.
In this context, some of the members of the university teaching staff who were noto-
rious for their lack of suitability for their posts were retired and replaced by more
capable and responsible professionals, who were supported and at times even put
forward by the students themselves.

Such was the case of Manuel F. Gran (1893-1962), who in March 1923 was put
in charge of giving the higher physics lessons instead of the assistant professor,
Nicasio Silverio, who in turn had replaced Placido Biosca who was seriously ill at
the time. Silverio’s students boycotted his classes in protest of his incompetence.
They also demanded that the corresponding lectures be provisionally entrusted to
Manuel F. Gran, a brilliant graduate of architecture and civil engineering who had
been awarded a doctoral degree in physico-mathematical sciences in 1922 with a
thesis on the concept of central forces and its applications to celestial mechanics.

According to Gran, at that time the higher physics courses were taught in exactly
the same way as they had been taught to him years earlier:

in such an elementary fashion, that the level and extent of the teaching of many topics was
substantially lower than those that the students had received at some secondary education
institutes, e.g., that of Havana. The number of lessons was exiguous—12 or 14 in the first
course [...]— and much less in the second course. Mathematics was rarely resorted to in the
ratiocinations, and when used, was only of the most elementary kind and touched upon in a
very timid way. (Gran 1942)

Particularly sensitive to the lack of rigor and elegance as he was, Manuel F. Gran
introduced in his lectures on higher physics a radical spirit of renewal with respect
to the preceding state of affairs, a consistent rigorous approach to the various sub-
jects dealt with, a suitable use of mathematics and an effective connection with
problem solution and laboratory work (Altshuler 2003, 155-182). However, this
change in the approach to the subject required several years to fully develop.

When we began our work, in the 1923-1924 academic course, we needed to undertake the
solution to three problems: the creation of a higher physics course worthy of the name, the
organization of the laboratory so that it might fulfill its purpose in the best possible way, and
the organization of the corresponding course on laboratory work. The first task was the
most difficult one and, consequently, the part of our effort we dedicated to its fulfillment we

throughout university life. The events began in Cérdoba and spread to the rest of Argentina, and
“the reform movement did not stop, but jumped across the Argentinian borders and had repercus-
sions in Latin America which were significant in Peru, Chile, Colombia, Guatemala and Cuba.
[...] Later on these extended to Uruguay, Paraguay, Bolivia, Puerto Rico, Costa Rica, Brazil,
Panama, El Salvador and Venezuela,” Gonzélez Carbajal (1974). In what concerns Cuba, in the
night of November 27, 1922, the university students of Havana became aware of the details of the
Argentine university reform through the then rector of the University of Buenos Aires. His words
“brought to blood red the already overheated atmosphere®: however “his role was rather that of a
fuse. Since a favorable complex of factors and a state of revolutionary spirit in the youths did
not exist, his passing through the university simply originated a momentary combustion”, Armas
et al. (1984), vol. 1, 334.
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most appreciate [...] We were [...] in the process of explaining [...], no less than at the
university and under the name of higher physics, two lessons a day for whose teaching we
had no model to follow. Since this course could not be reduced to a reproduction of any
foreign course, taking into account that previous student training was different from that
taken for granted by professors at other universities, the difficulty was even greater, for in
almost all cases it was necessary to explain at the same time a topic in higher mathematics
followed by the physics subject that depended on it. (Gran 1942)

In the beginning, textbooks on general physics by Murani, Ganot, Ollivier and
other authors were used as reference textbooks. But as time went by there was a
growing influence of French textbooks, such as Jules Faivre-Dupaigre, Jean-Baptiste
Lamirand and Léopold Brizard’s Cours de physique, the excellent Cours de phy-
sique générale by Georges Bruhat, and Henri Bouasse’s monumental work in more
than 40 volumes, entitled Bibliothéque scientifique de I’ingénieur et du physicien,”’
characterized by its heterodoxy in the author’s approaches and the ardor of his criti-
cism of generally accepted viewpoints and ways of teaching.

By then, the novelties in physical sciences produced worldwide reached Cuba
almost exclusively through popularization works and textbooks to whose study the
better professors devoted themselves, since the absence of the most important spe-
cialized scientific journals in university libraries was compounded with the practical
lack of scientific exchanges with foreign academic institutions and the rarity of
visits to countries with international level physicists.

To illustrate the last point, it may not be out of place to recall that one of those rare
visits was the very brief stay in Havana in 1927 of the Spanish physicist, Blas
Cabrera, who had been invited by the Institucion Hispanocubana de Cultura. He was
known in Cuba mainly because of a popular scientific book on the theory of relativity
he published in 1923, the year of Einstein’s visit to Spain. One is free to assume that
at least one of the two lectures he gave at the University of Havana, entitled “Magnetic
properties of the (chemical) elements and atomic structure” (Alvarez Sandoval et al.
2002)* was quite informative and up-to-date, since Cabrera’s own contributions to
the study of magnetism were at an international level.

¥ These French textbooks, which have been through several editions over the course of time, are
general treatises of physics, covering all the classical fields and characterized by very extensive
and systematic treatments. The Cours de physique by Faivre—Dupaigre, Lamirand and Brizard
was published since 1927 in several volumes and was re-edited up to the 1960s. Georges Bruhat
(1887-1945) was a professor at the Ecole Normale Supérieure and the Faculté des Sciences
de Paris; he was arrested by the Nazi Gestapo and died in the Buchenwald concentration camp.
His Cours de physique générale in four volumes (Mécanique, Thermodynamique, Electricité,
Optique) had six editions (eight on electricity). Henri Bouasse (1866—1953) was a French physicist
known mainly for his wide treatise Bibliotheque scientifique de I’ingénieur et du physicien in 45
volumes, first published between 1912 and 1934. In the preface he criticized scientific teaching in
France and the “new physics” of the twentieth century (relativity and quantum theory).

¥ The title of the other lecture given by Blas Cabrera at the University of Havana was “Atom orga-
nization and the periodic classification.” He gave a third lecture on the evolution of stars at the
Institucion Hispanocubana de Cultura. Accompanied by Fernando de los Rios, Cabrera arrived in
Havana on January 6, 1927 from Mexico where he had given 18 lectures and participated in vari-
ous seminars.



4 The Teaching of Physics in Cuba from Colonial Times to 1959 91

In spite of the existing limitations, the level of the courses of the so-called higher
physics courses continued to rise gradually, while the professor and his assistants
went deeper into their theoretical and experimental aspects—Dby self-study, of course.*
Toward 1929, both courses of higher physics (covered in four semesters, three 1-h
lectures a week, complemented with experimental and problem solving sessions) had
achieved, basically, the general characteristics they retained for the next three decades.
Higher physics continued to be taught exclusively to students of physico-mathemati-
cal and physico-chemical sciences and those of civil, electrical and chemical-sugar
engineering. According to Manuel F. Gran himself, their teaching:

was still guilty of elementarism, as a specialist unaware of the prevailing conditions of the
environment could think, but when we have traveled abroad, appointed by the university or
not, we have seen that the great teachers only developed one chapter, at times along several
courses, while ordinary teaching did not go beyond ours, in spite of the difference in train-
ing, resources and scientific tradition. (Gran 1942)

One factor that very much harmed the country’s teaching, and in particular the
development of physics teaching in the early 1930s, was the closure of the University
of Havana decreed in December 1930 by the very repressive tyranny of President
Gerardo Machado, by way of retaliation for the combative attitude against him by
students, who were supported by the majority of the teaching staff. In fact, the death
of the university student, Rafael Trejo, shot down by the police during a demonstra-
tion on September 30, 1930, was a turning point that generalized the struggle of the
Cuban people against the tyranny in power. By way of an anecdote, it is worth
recalling that such a state of affairs prevented what might have been a memorable
lecture at the university by the world famous Albert Einstein during his brief stay in
Havana on December 19-20, 1930 (Altshuler 2003, 143—-154).

Since the closing of the top teaching center of the country decreed by the govern-
ment was accompanied by the suspension of pay to the teaching staff, university
teachers had to dedicate themselves to finding alternative jobs to make a living. In
particular, Manuel F. Gran, accompanied by other colleagues, set up a school that
did not succeed and became involved in the reform and expansion of another one,
whose laboratory he managed to set up.

The situation and dynamics in the educational system in general were therefore
still very unstable. They depended essentially on improvements that were promoted
by some exceptional self-made fellow endowed with remarkable scientific knowl-
edge who had no direct international contacts. The members of the middle class
were still developing and were at the mercy of a very unstable political situation in
which the resurgence of a dictatorial regime threatened to frustrate, at least momen-
tarily, the goals of modernization.

% Among other tasks, Gran devoted himself to accurately measuring the value of gravity accelera-
tion in Havana. His physico—chemical sciences degree thesis, presented in 1925, contains the
description of the experimental procedure used for the purpose and the result obtained (978.8 cm/s?),
“which an American commission from the Smithsonian Institution repeated years later with higher
precision instruments and better experimental conditions, and found the same value within the
limits of experimental error [...]” Leroy y Gélvez (1954a), 150.
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4.8.2 The 1934—-1939 Period

The interruption of university teaching that began at the end of 1930 lasted just over
3 years, for even though the Machado dictatorship had been overthrown in August
1933, the turbulent period that followed prevented courses from beginning until
January 1934. The reopening allowed for the completion of the course of the aca-
demic year 1933-1934, but not for the following one, because on March 1935 the
University of Havana was militarily occupied by the new provisional government of
the country in response to an open statement by the university council that contested
it for being repressive and antidemocratic. The military occupation of the University
of Havana took place in the context of the March 1935 revolutionary general strike
against the dictatorship of the then colonel Fulgencio Batista, a situation that according
to Gran, apart from paralyzing academic activities at the university and subjecting
the teaching staff to prosecution, had made “real starving people of those who had
dedicated all their energy to teaching instead of seeking out economic welfare for
themselves by working as ordinary professionals” (Gran 1942).4

Classes did not start again until the end of March 1937, this time under the pro-
tection of an educational law dated January 8 of the same year, that granted autonomy
to the university (formerly granted by a decree issued on October 6, 1933, by
President Ramén Grau San Martin’s provisional government). According to univer-
sity statutes hurriedly cobbled together by a committee of professors, which later
came into force by a presidential decree dated February 22, 1937, the University of
Havana was restructured so that the three previously existing schools were replaced
by 12 faculties, one of them being the Faculty of Sciences.

As far as university teaching was concerned, it was resumed in 1934 with the
stipulation that the courses the students of physico-mathematical sciences had to take
(now extended to four years) included for the first time theoretical physics 1st and
2nd courses, taught by Enrique Badell (1895-1947). A civil engineer and doctor of
physico-mathematical and physico-chemical sciences, he had been awarded by way
of competitive examination, the post of assistant professor of chair “D” (higher
physics and general physics), headed by Manuel F. Gran.

The teaching of theoretical physics was introduced by taking advantage of the
favorable atmosphere prevailing in the country after the downfall of the Machado
tyranny, which allowed for the implementation of long yearned for changes, par-
ticularly at the University of Havana. An idea of how unstable the situation was at

40As seen by a veteran revolutionary militant, the above referred struggle: “was a heroic struggle,
in which people went out to overthrow the military dictatorship, and when this proved impossible,
a united and organized struggle continued against the militarism that had seized the educational
centers, to take them out of its hands. Student decorum and dignity shined very highly. Students
refused to undergo the ordeal of returning to classes at a university occupied by the army and at
secondary education centers intervened by the police, and they also refused to leave in the lurch
those teachers who had supported them in the struggle against Machado, both throughout the
March general strike, and, especially, during the years that followed it”, Gonzélez Carbajal
(1974), 496-497.
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the time can be inferred from the fact that it was not until April 1938, when Badell
was officially awarded the professorship of chair “J,” which meant he was respon-
sible for teaching two courses: theoretical physics and general physics.*!

Gran plunged himself into the task of writing a textbook for the higher physics
course “in spite of the enormous printing difficulties and the no lesser economical
ones.” In the end, only the first 256 pages were printed; the rest was not because the
result did not please the author and he therefore decided not to make it public. “Now
we have this course almost finished, partly published in mimeographed copies,
waiting for formal publishing in the way we like,” Gran remarked in the early 1940s
(Gran 1942). Though his work was never formally published, among the mimeo-
graphed supplementary texts he managed to bring out as a substitute, there were
several texts on complementary topics such as statics, harmonic motion, thermom-
etry, geometrical optics, electricity and other subjects belonging to the courses in
higher physics.*

Undoubtedly, a special virtue of these courses, such as they were taught, at least
from the 1940s, was the careful and critical treatment of the subjects dealt with. But
concerning its deficiencies, it must be noted that some topics were developed in so
much detail that no time was left to duly tackle certain areas of greater conceptual
significance, such as the foundations of thermodynamics or of physical optics.*

The concepts of theoretical mechanics dealt with in the higher physics 1st course
were complemented with the contribution from the corresponding specialized (rational
mechanics) course. After 1937, Rafael Fiterre (1900-1979) began to teach this subject
with an approach that, from his viewpoint,* should serve “as a solid and practical
basis for subjects in applied sciences,” as it was of particular help to the engineering
students who had to take the subject together with the physico-mathematical sciences
students. Later on, these students had to take a subject called complements of rational

“I'This course on general physics belonged to chair “D,” which was intended to take care only of
the teaching of the two courses in higher physics and of a special physics course for students of
optometry.

“2Until about the mid-1950s, Manuel Gran’s work Elementos de fisica general y experimental (ele-
ments of general and experimental physics), in two thick volumes, published for the first time in
1939-1940 for high-school students, was used as a complementary textbook for the subject of
general physics, taken by the students of some degree courses at the University of Havana. When
Alonso took over the teaching of the subject in the 1950s, he replaced Gran’s textbook with his
own four-volume high school textbook Fisica, curso elemental (physics, elementary course)
published in 1946-1948 for high school students, Alonso (1946—1948).

“For more details, see the chapter by J. Altshuler in this volume.

# A civil engineering and physico-mathematical sciences graduate at the University of Havana,
Fiterre did postgraduate studies at the Universities of Louvain at the Sorbonne, where he wit-
nessed “the end of the struggle that for years had been fought in France between the ‘vectorials’
and their opponents.” In 1937, by taking a competitive examination, he attained the professor-
ship of chair “O,” which included since the early 1940s, the subjects of rational mechanics,
complements of rational mechanics, vectors, higher geometry, projective geometry and abstract
groups, Fiterre (1942).
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mechanics, where the same professor developed kinematics following the methods of
Gaston Julia® at the Sorbonne (Fiterre 1942).46

About 20 years after joining chair “D,” Gran commented on the teaching of higher
physics. He stated that its associated laboratory had improved “in the proportion of a
thousand to one,” though it was still “far from having reached the [appropriate] level,
because of the huge number of students [who had to take it], the staff shortage and its
meager funding.” He remarked that the chair had introduced as an added graduation
requirement which was later made official (included for the first time in the final year
of 1937-1938 study plan), that all students of the physico-mathematical and physico-
chemical sciences must undertake some “practical training” in the laboratory. This
amounted to carrying out certain experiments of a more refined and complex nature
than those they had undertaken in the regular courses (Gran 1942).

Theoretical physics was taught to students in the two last years of the physico-
mathematical sciences degree course following Leigh Page’s standard textbook
Introduction to Theoretical Physics (Page 1936).* This textbook was frequently
complemented by alternative mathematical developments supplied by Badell, some
of which were published later.*

“The French mathematician Julia gained attention for his work after the war when a 199-page
article he wrote was featured in the Journal de Mathématiques Pures et Appliquées, a French
mathematics journal. The article, which he published during 1918 at the age of 25 described the
iteration of a rational function. The article gained immense popularity among mathematicians and
the general population as a whole, and so resulted in Julia’s later receiving of the Grand Prix de
I’ Académie des Sciences. Despite his fame, his works were mostly forgotten until the day Benoit
Mandelbrot mentioned them in his works on fractals.

“The study plan for the doctor in physico-mathematical sciences degree course in force from 1937—
1938 to the beginning of the following decade, gives a general idea of how rational mechanics and
other subjects were coordinated with the teaching of physics, Universidad de la Habana (1939):

First year: (1) mathematical analysis, 1st course; (2) higher physics, 1st course; (3) analytic geom-
etry; (4) higher geometry; (5) trigonometry; (6) line drawing; (7) biology.

Second year: (1) mathematical analysis, 2nd course; (2) higher physics, 2nd course; (3) descriptive
geometry; (4) inorganic chemistry; (5) cosmography; (7) surveying.

Third year: (1) complements of mathematical analysis; (2) theoretical physics, 1st course; (3)
rational mechanics; (4) mineralogy; (5) crystallography; (6) astronomy; (7) topography;
(8) special didactics for secondary teaching (optional).

Fourth year: (1) complements of geometry; (2) theoretical physics, 2nd Course; (3) complements
of rational mechanics; (4) geology; (5) complements of astronomy; (6) geodesy; (7) prac-
tical training and thesis preparation.

“TLeigh Page (1884-1952), chairman of mathematical physics at the Sloane Physics Laboratory of

Yale University, developed the theory of conformal invariance, deriving in 1912 a complete

electromagnetic theory, including Maxwell’s equations, from only Coulomb’s law and the Lorentz

transformation. He wrote some valued textbooks. As we will see in the following, Page’s textbook

of theoretical physics was translated into Spanish, with some additions by Marcelo Alonso in 1945.

A reference work on theoretical physics much resorted to at the time for the course of theoretical

physics was the treatise by W. Wilson (1931-1940), professor at London University, whose three

volumes were published successively in 1931, 1933 and 1940.

8 For example, Badell Portuondo (1955).
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4.8.3 The 1940-1951 Period

Needless to say, the improvements introduced in the higher physics courses and the
introduction of the theoretical physics courses to the study plan of the physico-
mathematical sciences degree course considerably raised the scientific level of the
new graduates, who generally worked as physics teachers at the country’s second-
ary education institutes. No doubt, this contributed to the success of the reform of
the high-school study plan introduced by the early 1940s, a reform whose most
remarkable trait was that it was extended to 5 years, with the last of these dedicated
to a specialization either in the sciences or the humanities, in place of the four non-
specialized years required by the former Varona plan.

In order to enter the university degree courses in sciences, engineering, archi-
tecture, agronomy, medicine, odontology, veterinary studies and pharmacy, high-
school graduates were required to have passed their fifth year in sciences, which
meant taking, in addition to their previous studies, two semesters of five hours of
lessons a week in each of the following subjects: biology, mathematics, chemistry
and physics. With reference to physics, it should be noted that during the first
4 years of their high school training, all students were required to take four semes-
ters (two in their third year and another two in their fourth year) of alternate day
physics lessons, regardless of the specialty they wanted to follow in their fifth
year. During the 1940s and 1950s, several valuable textbooks of physics were
published by Manuel Gran (Gran 1939-1940), Alfonso Pédez (1946), Marcelo
Alonso (Alonso 1946-1948), and Virgilio Acosta (1950-1951), as well as an
excellent mathematics textbook by Mario O. Gonzélez (1946) written for the use
of fifth year science students. These textbooks helped to define a relatively high
level for the mathematics and physics training of Cuban high school graduates of
science, especially in the later 1940s.%

The advances just mentioned in the Cuban educational realm took place in a
period following a repressive militaristic regime. The whole of the country’s public
life and affairs were based on the new 1940 constitution of the republic, noted for
its fairly democratic and progressive character, as far as the prevailing socioeco-
nomic system would allow. However, the new situation did not prevent the campus
of the University of Havana from going through a turbulent period of internal strug-
gle, originating from the lack of institutionalization of justice to punish individuals
responsible for bloody repressive action by previous governments (Armas et al.
(1984), 503-518).

In line with the fully autonomic status of the university established by the new
constitution, new statutes for the University of Havana came into effect in 1942.
According to them, among other things, the 12 faculties established by the 1937
statutes were defined as “schools,” with their total number increased by one since
engineering and architecture became separate schools instead of belonging to a
single faculty, as was previously the case.

“For more details, see the chapter by José Altshuler in this volume.
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From the 1941-1942 academic course onwards, several adjustments and
modifications of some importance were made to the study plans of science
degree courses taught at the University of Havana, which were to be retained
without any essential modification until 1959-1960.%

In the context of the new study plans, the teaching of physics was shared by
chairs “D” and “J” (Gran and Badell, respectively), taking into account the actual
possibilities of their staff. Thus, for example, Agustin Guitart, who officially
belonged to chair “J” and taught general physics to the students of agronomical and
sugar engineering, was also in charge of the problem solving sessions taken by the
students of higher physics, while Miguel Angel Maseda, who belonged to chair
“D,” had been teaching theoretical physics, 2nd Course since 1937 to fourth-year
students of physico-mathematical sciences.

The year after Badell’s demise in 1947, Maseda was awarded by a competitive
examination, the professorship of chair “J” (theoretical and general physics) with
the unusual compliment of the examining board “for his brilliant performance.”
Until his passing in December 1957, Maseda continued to collaborate with Gran’s
chair, while at the same time teaching both courses in theoretical physics and over-
seeing the experimental work the students of physico-mathematical sciences had to
complete to obtain their degree.

Before dealing with further developments in the teaching of physics organically
linked to the University of Havana, it is worth recalling, however cursorily, the
emergence of a few other elements that in one way or the other contributed to an
enhanced outlook for physics in the country in the period under consideration.

Thus, for example, in February 1942 the Cuban Society of Physical and
Mathematical Sciences was officially created, with 34 founding members who
elected Pablo Miquel (1887-1944), the respected professor of mathematical analy-
sis at the University of Havana, as president of the society and director of its official
journal—the Revista de la Sociedad Cubana de Ciencias Fisicas y Matemdticas—
whose chosen editor was Manuel Gran. In his presentation of the first issue of the
journal, Miquel pointed out:

As yet, the history of mathematics and physics in our country has not been recorded in writ-

ten form, but those of us who have taken a quick look at archival documents and libraries
have come to the conclusion that when such a history is written down it will be summed up

The subjects for the physico-mathematical sciences were finally arranged in the study plan as
follows:

First year: (1) mathematical analysis, 1st course; (2) higher physics, 1st course; (3) analytic geom-
etry; (4) higher geometry; (5) trigonometry; (6) drawing.

Second year: (1) mathematical analysis, 2nd course; (2) higher physics, 2nd course; (3) comple-
ments of analytic geometry; (4) descriptive geometry; (5) vectors; (6) cosmography.

Third year: (1) mathematical analysis, 3rd course; (2) theoretical physics, 1st course; (3) rational
mechanics; (4) group theory; (5) astronomy; (6) introduction to geodesy; (7) vector analysis
and notions of tensor calculus.

Fourth year: (1) mathematical analysis, 4th course; (2) theoretical physics, 2nd course; (3) comple-
ments of rational mechanics; (4) projective geometry; (5) complements of astronomy;
(6) geodesy; (7) practical training and thesis preparation; (8) didactics for high school (sci-
ences) [optional].
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in a few pages where only details of the teaching of these sciences among us will appear,
probably without the summary being very flattering. Those who know this will come to the
conclusion, on seeing that this journal has appeared, that the change that has taken place is
more a revolution than an evolution. Perhaps this is our typical form of behavior in all
events of history; a form that corresponds to impatient and nervous temperaments and peo-
ples. (Valdés Castro 2000)

While teaching had improved considerably in the period dealt with here,
research played virtually no role in the activities of the professorship. This changed
only after 1959.5! The 1940s saw the publication of several excellent textbooks in
both physics and mathematics, especially in the realm of high-school teaching as
already pointed out. During the 1940s, important changes took place in the social
composition of the university student population, thanks to the access to higher-
level teaching of an ever increasing student minority with modest economic
resources. This was made easier by a law on education approved by the govern-
ment in 1937, which dictated that up to 20 % of the poorer student body could be
awarded free tuition.”

The “upper class” of Cuba was worried by these changes in the composition of
the national intelligentsia; the most reactionary sectors wanted to exclude, as far as
possible, the most humble sectors of the population from higher education, reserving
it for the most favored. With the aim to resist any progressive changes in the country
that might develop in the future, and using as an argument, among others, the academic
shortcomings of the University of Havana,> a sector of the more well-to-do social
classes succeeded in obtaining governmental approval in August 1946 for the
creation of the Santo Tomds de Villanueva Catholic University.>*

In the end, a more far-reaching decision was the creation of the University of
Oriente at Santiago de Cuba, which was made a public university on November 23,
1949. The university had actually been functioning unofficially since October 1947
as a private institution in Santiago de Cuba thanks to the initiative and participation

31 See the chapters by Altshuler and by Baracca, Fajer and Rodriguez in this volume.

32 This originated from a deal with the strong student movement of the 1930s, who first demanded
a higher percentage.

3The April 29, 1951, the editorial of the Cuban newspaper Diario de la Marina (known for its
extremely reactionary viewpoints) put it this way:

“It is known [that the University of Havana] is home to a student population that exceeds
three times its teaching capacity. Such a superabundance is produced, to a great extent, by
the repeated practice of [awarding] free tuition to poor students [...]”

*This can be gathered from the wealthy and notoriously right-wing attitude of the patrons of the
Villanueva University and the call by Cardinal Arteaga to Cuban Catholics in 1946 to send their
children to the new Villanueva University (which aroused the open opposition of the Federation of
University Students (FEU) and other organizations). “Notwithstanding, the project to set the
University of Havana—Tlaical and autonomous, with a long Cuban and revolutionary tradition—
against a Catholic and class-based university, copied from the north-American model, did not
materialize. Villanueva attained neither the prestige nor the rooting in Cuba that the bicentennial
University of Havana did. In the year of its opening, Villanueva only had a matriculation of 34
pupils, and in its period of higher growth (1956-1957) a total 1,224 matriculated pupils”, Armas
et al. (1984), 491, 522-523.
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of a group of intellectuals from the former Oriente province, who, well aware of the
hindrance that the established “chair-for-life system” meant for the University of
Havana, provided the new higher study center with a more modern and flexible
structure, where teaching posts would be subject to formal contracting. This provi-
sion allowed the newly created university to set up in a relatively short time a high
level teaching staff made up of Cuban and foreign born specialists (particularly, a
number of refugees from the Spanish Civil War) for whom access to the University
of Havana was practically blocked. Roberto Soto del Rey (1913—-1995), who gradu-
ated as a doctor of physico-mathematical and physico-chemical sciences in 1939 at
the University of Havana and was then a physics professor at the Institute for
Secondary Education in Santiago de Cuba, was put in charge of teaching higher
physics to the chemical and mechanical engineering students. A former student of
Professor Manuel Gran, Soto del Rey was an outstanding lecturer who not only
gave himself to the task of creating the physics laboratories for the institution and
motivating the students, but also undertook the assembly of a pilot plant for the
training of chemical engineering students (Méndez Pérez and Baracca 2001).

Around mid-1949, Marcelo Alonso (1921-2005), by taking a competitive
examination, got the post of assistant professor of chair “J,” whose professor in
charge was Miguel A. Maseda. After graduating in physico-mathematical sciences
at the University of Havana, Alonso had taken post-graduate physics courses at
Yale University, and published in 1945 an updated translation into Spanish of
Yale professor Leigh Page’s already mentioned textbook on theoretical physics
(Page 1945). He also taught courses on quantum mechanics, physical optics and
statistical mechanics at the summer schools offered by the University of Havana in
1947 and 1948.

At that time, after the Manhattan project and the atomic bombs dropped on
Hiroshima and Nagasaki, the field of nuclear physics and technology, although it
began in the 1930s, became the new international frontier of physics. Apart from the
bomb, radioisotopes were usually produced and used in many fields. The introduc-
tion of nuclear physics in Cuba actually complied with essentially political factors,
corresponding to the substantial dependence of Cuba on the United States. The
initiatives that followed were probably more important for the “Atoms for Peace”
campaign of the United States than for the concrete situation in Cuba, but it seems
important to recall them since they reproduced a situation that was quite common to
all the countries in the Western world.

In February 1947, Eudaldo Muiioz (1901-?), who was in charge of chair “P”
for physical chemistry at the University of Havana, delivered a series of lectures
at the Cuban Society of Engineers entitled “Atomic structure and nuclear disinte-
gration,” followed by a paper on the radioactive process of the disintegration
products of radium which was published in the journal of the above-mentioned
Institute (Mufoz 1948).

In 1947, the decree 4054(2) of President Grau San Martin established the
Comision Nacional de Aplicaciones de la Energia Atémica a Usos Civiles (CNEA)
(National Commission for the Civil Applications of Atomic Energy), appointed to
the Instituto Nacional de Hidrologia of the Ministry of Health and Social Care
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(Castro Diaz-Balart 1990). Among the goals of the commission, the following were
mentioned: to promote research in atomic energy and its applications for non-
military use, fundamentally with medical goals and in other sectors of the economy;
to investigate the existence in Cuba of “natural sources of atomic energy’’; to distribute
radioactive materials, substances and treatments in hospitals; to determine and
prescribe the conditions of radiological protection; to control and verify the
efficiency of the detection instruments and the preparation of radioactive sub-
stances in use in the country.

Until the mid-1950s, none of the goals of the commission had been achieved: its
establishment had been bound in fact to political goals of the American government,
which had sent its emissaries throughout the whole continent with the purpose of
guaranteeing for its growing radioisotope production industry the assured market of
Latin America. The f sub-paragraph of the decree established by the commission
pointed out explicitly that investigations on the applications for peaceful use of
nuclear energy in Cuba were to be performed only “according to plans and tech-
niques elaborated jointly with the atomic energy center of the U.S.”

Backed by his personal contacts within the American scientific milieus, Alonso
became a particularly keen and influential promoter of the development of this new
field of nuclear physics and technology in Cuba. In 1950, radioisotopes were
actually used for the first time in Cuba for cancer treatment: these radioisotopes
were obtained through an American pharmaceutical firm and manipulated in a
rudimentary laboratory established at the Reina Mercedes Hospital. From that year
on, Alonso made many trips abroad to participate in various activities related to the
use of radioisotopes and other applications of nuclear energy, which had already
found a nominal niche in the CNEA.

4.8.4 The 1952-1959 Period

At the secondary education institutes and at the universities as well, teaching
enjoyed a period of relative stability until March 10, 1952, when the coup catapulted
Fulgencio Batista, the former strongman and former constitutional president of the
country, to power. From then on, the struggle against the repressive regime kept the
country’s academic activities in a permanent state of unease that grew with time.
Still, on November 30, 1952, the Marta Abreu University was created as a public
university in the province of Las Villas in the central part the country. Its teaching
staff immediately joined the universities of Havana and Oriente in holding a posi-
tion at odds with the regime. Given the situation of the public universities, the gov-
ernment, with the goal to weaken their public influence, created a whole series of
new public or private higher education centers, whose political submissiveness was
supposedly taken for granted, even when the government eventually closed the
“rebel” universities.

Meanwhile, the struggle against the regime in power was heating up, especially
after February 13, 1953, when Rubén Batista Rubio, a student at the University of
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Havana, died a victim of police violence while participating in an anti-government
demonstration. On the following July 26, after legal actions against the regime had
proved hopeless, a group of courageous young people led by Fidel Castro attacked the
Moncada barracks in Santiago de Cuba, the second most important military fortress
in the country. While this attack did not fulfil its immediate plan, it later on contrib-
uted decisively to developing the revolutionary struggle against Batista tyranny, a
struggle thatincluded from 1955 the very important participation of the Revolutionary
Directory, an underground organization created for that purpose by the University
Students Federation (FEU).

In what concerns physics, at the end of 1952 the economic counsel of the
University of Havana allocated to the school of sciences’ chair “J” a modest budget
for the creation of a radioactive isotope laboratory, proposed and organized by
Alonso. It enabled a minimum of equipment to be purchased for the new laboratory,
which included a gamma-ray spectrometer that cost around $20,000 (Universidad
de La Habana 1949).

By mid-1955, the de facto government dissolved the previous National
Commission for the Application of Atomic Energy and replaced it with a new entity,
ascribed to the National Economic Counsel: the Comision Nacional de Energia
Nuclear de Cuba (CENC) (National Nuclear Energy Commission of Cuba),
appointed to the Consejo Nacional de Economia (Castro Diaz-Balart 1990).

The already mentioned lecture series delivered by Eudaldo Mufioz in 1947,
his published paper and the fact that he and his students of physico-chemical sci-
ences had been working on topics related to nuclear chemistry, no doubt influ-
enced the decision taken by the university in November 1948, to name Mufioz its
representative in the National Commission for Atomic Energy (Universidad de la
Habana 1937).

Despite the ambitious goals declared for the CENC, it lacked effective economic
support and was in fact short-lived. Gustavo Gutiérrez, an economist, and Marcelo
Alonso were respectively appointed president and secretary (later technical direc-
tor) of the commission, whose avowed goal was to study the possible installation of
nuclear reactors in Cuba, and to control and oversee everything related to the matter.
The CENC was created in accordance with guideline NSC 5507/2 (“Peaceful Uses
of Atomic Energy”) issued by United States President, Dwight D. Eisenhower, with
the goal of “using the exports of nuclear technology to promote the national and
regional interests of the United States”.> In June 1956, the United States signed with

3Lavoy (2003). The presidential directive NSC 5507/2 was based on the “Atoms for Peace” pro-
gram announced by President Eisenhower in a speech delivered before the General Assembly of
the United Nations in December 1953. The central idea of the initiative was to take away a frac-
tion of the large quantity of fissile material produced for military purposes by the nuclear powers
and establish a “uranium bank.” Though the program maintained the superiority of the United
States on nuclear weapons, it was presented as a viable alternative to the more radical Soviet
proposal to ban the use and production of nuclear weapons and destroy all the existing ones.
Despite the tremendous international promotion campaign which was immediately set in motion
and which attracted general sympathy to the American proposal, the program did not make much
progress until August 1954, when nuclear technology was allowed to be sold to American
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the Cuban government an intergovernmental agreement for “bilateral cooperation,”
similar to those already signed with 36 other countries of the “free world.” According
to this agreement, Cuba was expected to buy from the United States a | MW experi-
mental reactor, a Van de Graaff accelerator, a Cobalt-60 source and several auxiliary
laboratories (Castro Diaz-Balart 1990, 334). In preparation for the setting up of an
electronuclear plant in the country by the Cuban Electric Company (the American
company that monopolized electricity supply in Cuba), an introductory course in
nuclear energy for electrical engineers taught by Marcelo Alonso was organized by
the middle of 1956. By the end of the same year, a so-called First National Forum
on Nuclear Energy was organized by CENC with the participation of ten national
and six foreign invited lecturers. One of these, who was presented as the director of
nuclear engineering of Ebasco Service Inc. and consulting engineer on nuclear
energy of the Cuban Electric Company, gave a general description of the a 10.5 MW
electronuclear plant designed around a boiling water reactor that the company said
would be put into operation by the end of 1959 (Reichle 1957).

In May 1957, Marcelo Alonso addressed to the rector of the University of Havana
a proposal for the creation of an institute for nuclear studies,”® accompanied by a
laboratory that would include a particle accelerator and, possibly, a small nuclear
reactor. But, given the expenditure required for implementing the project (according
to Alonso around $100,000 for the laboratory), the university merely replied that the
proposal would be taken into account when the economic situation of the center
could support such studies (Universidad de la Habana 1949). In relation to Alonso,
it is worth citing his modern and updated text on atomic physics, published in 1958
(Alonso 1958, volume 1, the subsequent one was not published). In 1957 Alonso
sought support in foreign countries and undertook a trip to West Germany to meet
scientists, among others Werner Heisenberg in Gottingen, and representatives of
large companies such as Hoechst Pharmaceuticals and Leybold, specialized in the
construction of physical-technical instruments.®’

While this was taking place in Havana, confrontation between the revolutionary
forces and the tyrannical government in power was escalating rapidly. On December
2, 1956, a group of 82 combatants led by Fidel Castro landed in the eastern part of
the country, and some of them attempted to organize themselves in the Sierra

commercial companies, who saw the “Atoms for Peace” programs as “the umbrella under which
a US dominated world nuclear market would be realized.” See, for instance, Weiss (2003) and
Baracca (2012).

*1In this respect, it would be useful to remark on the political position of the professors of the
University of Havana in that troubled period. Most surely the majority of them would not have
been in favor of an initiative somehow related to a governmental institution, for this might
have lead to criticism from the students, whose leaders were fighting to the death against the de
facto government. Still, the argument put forward by the rectorate concerning lack of money was
realistic enough.

"Meyer—Cording (Bundesministerium fiir Atomfragen), an das Auswirtige Amt, June 18, 1957.
Politisches Archiv, Auswirtiges Amt, 215-82.SL/1-91.22. We would like to thank Albert Presas i
Puig for providing us with this information. From the documents known to us about this trip the
results of these meetings cannot be reconstructed.
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Maestra mountains. The following Christmas day, 23 men of various political
affiliations were murdered by repressive government forces in order to terrorize the
population, and a few weeks later the Sierra Maestra guerrillas won their first com-
bat against the military. On March 13 of the same year, members of the Revolutionary
Directory attacked the presidential palace in Havana, an action that cost the lives of
many revolutionary activists, including that of José Antonio Echeverria, a student of
architecture and president of the University Students Federation (FEU).

In the wake of the occupation of the University of Havana by the police force
from March 13, the FEU ordered the boycott of any eventual attempt to resume
academic courses, which in fact remained interrupted for more than 3 years, until
the fall of the de facto government. This situation was reflected at the universities of
Las Villas and Oriente as well. By then, the Cuban Electric Company had long
abandoned its much publicized plan to put into operation an electronuclear plant at
the end of 1959, because the action was deemed too risky and financially unsound.

Instead, what actually took place in the early days of that year was the setting-up
of a revolutionary government, which was led by the forces that had just vanquished
the previous tyrannical regime and who were ready to introduce the basic socioeco-
nomic changes that were much yearned for by the Cuban population. In such a
context, it did not take too long to implement a radical reform of Cuban higher
education, which, among many other things, created the necessary conditions for
implementing a deep change in the teaching of physics in subsequent years. But this
matter exceeds the limits of the present chapter and must be dealt with in other
papers that follow.

4.9 Conclusion

In this reconstruction of the developments of physics in Cuba in the pre-revolutionary
period, we have seen that the quality of the teaching of physics after almost a
century of stagnation on an elementary and qualitative level began to change in the
1920s and 1930s under the personal initiative of a limited number of self-taught
physicists. These physicists succeeded nevertheless in establishing new courses and
programs and in stabilizing a rigorous approach to the discipline of physics. As has
been emphasized, none of the activities surrounding physics in Cuba as yet included
any kind of original research, in spite of a few rare attempts. Physics education was
basically limited to the training of teachers for the secondary schools.

Nevertheless, probably more so than early attempts to establish new fields, the
most important inheritance for Cubans was the advanced level reached by the teach-
ing of physics and scientific matters in general in the secondary schools on the basis
of high quality textbooks written in Cuba by the new generations whose commit-
ment has been detailed above.

As will be seen in the following chapter by Baracca, Fajer and Rodriguez, this
relatively broad environment of scholars with a solid background in basic physics
turned out to be crucial in the early years after the Revolution, when they could
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provisionally make up (though with great difficulty) for the shortage of professors
at the university, for the new challenging needs, for radical change and for the intro-
duction of modern physical theories.
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Chapter 5
Mathematics and Physics in Cuba
Before 1959: A Personal Recollection

José Altshuler

On the occasion of the 50th anniversary of the formal inauguration of the Republic
of Cuba (May 20, 1902), the then Historian of the City of Havana, Emilio Roig de
Leuchsenring, decided to publish a memorial volume which would include various
special studies on the progress made in the country during the preceding half
century with regard to specific aspects of national collective life. The volume, entitled
Facetas de la vida de Cuba republicana, 1902—1952 (Facets of Life in Republican
Cuba, 1902-1952) appeared in print in 1954. Its publication was delayed—as Roig
explained in his prologue, somewhat cryptically—"“due to causes beyond our control
or of that of the Cuban writers to whom we entrusted the preparation of the said
studies.” Needless to say, the causes referred to were none other than those derived
from the atmosphere of political unrest in the country after the military coup staged
in March 1952 by former strongman, General Batista.

There is no question that the detailed study by professor Luis Felipe Le Roy
included in the above-mentioned volume under the title Las ciencias (The Sciences)
(Le Roy y Gdlvez 1954) is required reading for anyone who wants to ponder
the development of scientific activities in the country during republican times.
He points out that it can be immediately inferred from his study that

at the beginning [of the 20th century] the [country’s scientific] production was nil or virtually

nil, no doubt due to the state of political and social stagnation that though Cuba had just left

behind when it ceased to be a colony of Spain, it unavoidably survived and would still influence
for some time the cultural and scientific development of the country.

While I have no objection to this idea, I think another negative factor should
be added to the scientific development of the country which, in my opinion, spread
well beyond the early republican decades, at least until the onset of the 1959
Cuban Revolution. By this I mean the prevailing situation in that period which in a
thousand ways promoted at the very heart of Cuban society the goal of achieving
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personal “success,” usually understood as the attainment of personal prosperity at
the expense of higher and more useful values for the benefit of the nation.

Thus, for example, it is well-known that there were quite a few members of
the higher education teaching staff who clung to their posts, not because of their
vocation or their will to serve society, but simply to use these as a sort of a calling
card to facilitate their participation in the business world or in national politics,
also perceived as profitable business. Needless to say, such a mentality was hardly
compatible with the full dedication typical of a real research worker. It must be said,
however, that there were some exceptions to the rule—whom it is fair to remember
with the respect they are entitled to—but these few certainly did not portray in the
least the trend of the times.

In view of the above, and of what will be added hereafter, it is not odd for me to find
rather debatable Le Roy’s conclusion that “On the 50th anniversary of independent
Cuba, the sciences in our country [were] at the same level of development as those in
many of the nations of older civilization of the European continent...”

It is true that in various curricular aspects a valuable level had been reached in
the country thanks, essentially, to the efforts of a group of highly regarded Cuban
educators, some of whose textbooks achieved a high degree of excellence. To this
I will come back later, and with no little satisfaction. But it is no less true that during
the republican period, generally branded nowadays as Neocolonial or Conditioned,
as far as physical, technical and mathematical sciences are concerned it was
extremely rare to find any consistent engagement in scientific research work, which
is the essential ingredient of any science deserving the name.

Surely enough, such a state of affairs as referred to above will be somewhat
difficult to imagine for the present university students in Cuba and even for their
younger teachers, currently subject to the requirement of having some novel results
included in their so-called “diploma-work” which is needed to complete the degree
course they have taken. It might be argued that before the University Reform of the
1960s, in order to obtain a university diploma, the student was required to defend
an original thesis work before an examination board. In practice, however, that
amounted to pure formality, for theses that contained original scientific results were
truly exceptional. That was part of the established academic reality at the time.

As far as I recall, perhaps the closest thing then existing to independent scientific
work done by students was the requirement established in the old Faculty of
Sciences of the University of Havana to have the physico-mathematical undergradu-
ates perform in their fourth and final year what was called a “degree practical work,”
intended for them to tackle by themselves certain experiments of some complexity.
Of course, contact with practical work was better in the natural sciences and the
physico-chemical degree courses, due to their very nature, closely linked to field-
work in the former case and to the chemical laboratory in the latter.

By way of illustration, let me refer to a situation I know well, since it concerns
something in which I was directly involved when I returned to Cuba by the end of
1955, after having spent a year of studies abroad thanks to a scholarship awarded by
the University of Havana. I came back encouraged by the fact that one of my first
scientific results, modest as it was, had been accepted for publication by a reputable
journal in the field of electronics and telecommunications.
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While there would be much to comment about the explosive political outlook in
Cuba at the time of my arrival, what I want to stress here is that in the 1950s I did
not find in my country a single scientific or technical journal where I could publish
regularly even the modest results I set myself to obtain by swimming alone against
the tide, if necessary. This was one of the reasons that prompted me to propose
myself to the board of the Electrical Engineers Association to take the main respon-
sibility for editing and publishing a journal, Ingenieria Eléctrica (Electrical
Engineering), as the official organ of the Association.

Soon after the proposal was approved I devoted myself to systematically includ-
ing in the above-mentioned publication whatever original scientific and technologi-
cal papers related to electrical engineering I could get, aside from articles of general
or professional interest to the membership. The result was that, while the journal
was able to survive for more than 3 years, the job of getting manuscripts with origi-
nal research or development results turned out to be much more difficult than I had
anticipated. Faced with the virtual non-existence of such a type of material, it
became necessary to approach a few authors from outside the profession to keep the
level of the journal at a minimum of respectability. It is quite clear to me that some-
thing similar must have happened to another one of the then very rare Cuban scien-
tific publications: the Revista de la Sociedad Cubana de Ciencias Fisicas y
Matemdticas (Journal of the Cuban Society for the Physical and Mathematical
Sciences). This I gather from the explicit statement on the inside of its cover stating
that the journal “is not periodical,” added to the fact that the number of original
results published was quite limited. I suppose that a motivation not too different
from mine with Ingenieria Eléctrica, was what drove Dr. Mario O. Gonzdlez, an
outstanding mathematics professor of the Faculty of Sciences of the University of
Havana, to take on the burden of editing and publishing the Revista de la Sociedad
Cubana de Ciencias Fisicas y Matemdticas for many years. Still, it must be said that
it did succeed in publishing the best of the scant research then done in Cuba on
mathematics and physics subjects.

Typically, during the republican period before 1959, the meager scientific pro-
duction of the country in the above-mentioned fields of study was generally due to
the individual activities of a few lone workers. One example of this is the case of
José Isaac Corral, a forest and mining engineer who worked as a civil servant at the
Ministry of Agriculture, whose physical and mathematical papers appeared in local
publications from the 1930s to the end of his life, in 1946. Another example is the
case of Dr. Carlos Masd, who in spite of the fact that he had taken advanced courses
on astronomy in France, had to count himself lucky when he was appointed profes-
sor at a provincial teacher training college where, nevertheless, in the 1940s he
managed to create a mathematical seminar to expound to a handful of participants
his solutions of some mathematical problems of his own choice.

The most important developments in the field of physics and mathematics which
took place in the period dealt with here were actually implemented at the University
of Havana, also centered around a few members of its teaching staff. An indication
of this is the very fact that the teaching of the relevant subjects was carried for
the first time to what can be considered, for the time, a genuine university level,
thanks to the will, learning and talent of Drs. Pablo Miquel and Manuel Gran, two
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remarkable professors of the University of Havana who are generally remembered
to this day as almost mythical figures.

In 1913, Dr. Miquel began to teach mathematical analysis in place of the regular
professor, an engineer who had received his degree in the United States and took
part in the Cuban war for independence, but who decided to leave the teaching pro-
fession to fully devote himself to republican politics. Miquel’s textbook on higher
algebra, published in 1914, became a landmark in the teaching of the subject in the
country, and perhaps also in Latin America, especially after the much improved
1939 edition. Moreover, the two-volume textbook on differential and integral calcu-
lus he published in the early 1940s (Miquel y Merino 1941, 1942) was an excellent
work which compared very favorably with the best of its kind at the international
level. As to Dr. Gran, it is a significant fact that while he was a young graduate, like
Dr. Miquel, in civil engineering, architecture and physico-mathematical sciences,
he was promoted to a high level teaching post in 1923—the year of the first attempt
at a general reform of higher education in the country—in response to the clamor of
the students of physics subjects, who refused to continue taking classes from a glar-
ingly incompetent teacher. From a humble background, and having achieved a self-
acquired prestige and professional competence, Gran had to apply himself to the
task of creating—as he would recount in later years—*"“a course of higher physics
worthy of the name,” and of organizing the laboratory “so that it would accomplish
its purpose in the best possible way,” and “preparing the corresponding laboratory
guide” for the students. Noted for his interest in developing his students’ critical
awareness, he greatly influenced not only the teaching of physics at university level,
but also at high school level, thanks to a carefully elaborated textbook on general
and experimental physics in the two thick volumes he published in 1939-1940
(Gran 1939-1940), which brought to the explanation of the subject the scientific
rigor and elegance lacking in previous works on the same subject. Professor Gran’s
textbook became an essential reference for other high school textbooks published
later by Profs. Pdez, Alonso, and Acosta, with alternative pedagogical approaches
(Alonso and Virgilio 1950-1951; Pdez 1946).

Let me stop here for a moment to take a glance at our secondary education in
those days, for in spite of some of its shortcomings, I think it embodied quite a few
commendable traits, especially after the early 1940s when its syllabus was over-
hauled and a final fifth year was added in two specialties—humanities and sci-
ences—which could be freely chosen by the student. The new syllabus required that
all students without exception should take two courses in physics and one in chem-
istry during the first 4 years of high school, while those who took the specialization
in sciences had to take additional courses in mathematics, physics, chemistry and
biology. Several textbooks published subsequently with a view to covering the
needs of the students attained a remarkable level of excellence, as was the case of
those by Rosell and Gonzélez (mathematics), Ledén (chemistry), Veldzquez (psy-
chology), and Marrero (geography) among others. I believe that some high-school
textbooks, published before the new syllabus was established such as those of
Baldor on algebra and Galadn on chemistry, were praiseworthy from a pedagogical
point of view. On the other hand, it is fair to recall the early efforts by professor
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Moleén, who in 1921 published the first high school textbook on general chemistry.
To which I would like to add that in those times such competent professionals as
Drs. Pdez, Alonso, Acosta, Melgarejo and Soto del Rey in physics, and Drs. Souto,
Labra, Paz, Alvarez Ponte, Fiterre, Rolando, Gutiérrez Novoa, Reguera, Davidson
and others in mathematics worked as high school teachers. Later, some of them
became respected university professors.

Returning to the development of mathematics and physics at the University of
Havana after the above digression, it is fitting to point out in the first place that since
the mid-1930s the physics curriculum had been enriched by the inclusion of the
two-semester degree course physico-mathematical sciences in theoretical physics.
The first full professor of the subject was Dr. Enrique Badell, from 1938 to his death
in 1947. He was succeeded in the post by Dr. Miguel A. Maseda, an excellent
teacher who was equally at ease in experimental work. Both were remarkable for
their thorough command of the subjects they taught.

Throughout his tenure Professor Badell painstakingly dedicated himself to the
step-by-step reconstruction of whatever mathematical developments were only out-
lined or incompletely specified in the available textbooks and to systematically
solve all the exercises and problems he came across. As a result, after many years of
tireless effort, he had accumulated an impressive collection of problems solved in
great detail and frequently in two or more alternative ways. Something similar hap-
pened with Professor Luciano de Goicoechea, noted for his very thorough teaching
of several courses on the theory of electricity to students of electrical engineering.
Professor Gran accumulated a large collection of original physics problems, espe-
cially in the field of optics, while one of the most appreciated features of Professor
Miquel’s textbooks on higher mathematics was the wealth of exercises and pro-
posed problems they incorporated, many of them created by the author himself. It is
probably not an exaggeration to say that this laborious dedication to the develop-
ment of educational problem development was the nearest thing to systematic sci-
entific research attained by some of the best teachers of the older generation in the
field of physical and mathematical sciences. I believe it is only fair that they should
be remembered with utmost respect considering their hearty devotion to the task of
raising the teaching level of their respective disciplines, in spite of the indifferent or
even hostile cultural atmosphere that generally surrounded them at the time.

It was a time when the teaching of physics and mathematics was aimed at exclu-
sively didactic goals; a time in which the most committed teachers spent a substan-
tial part of their not very generous salaries to buy the latest book on their subject to
appear in the catalogs of foreign publishers. On the other hand, it must be said that
it was quite rare to find in the country’s libraries any journals dedicated to the pub-
lication of original scientific work in the field of physics or mathematics.

With the inclusion of Drs. Mario O. Gonzélez and Marcelo Alonso in the Faculty
of the University of Havana, who graduated from the same university but had subse-
quently taken graduate courses abroad and published the results of their first scien-
tific work in specialized journals, new subjects and styles were introduced into the
higher education teaching of physics and mathematics. Gonzélez, who succeeded
Professor Miquel in 1947 as head of the department of Mathematical Analysis, was
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active in organizing various mathematical seminars, and published in 1952 an excellent
textbook on the theory of complex variable functions (Gonzalez 1952). Alonso, who
had joined the department of theoretical physics around 1949, published in 1958
the first volume of a fine textbook on atomic physics (Alonso 1958) and laid the
foundations for a modest atomic and nuclear physics laboratory. This, together with
an introductory course on nuclear energy for electrical engineers, which he inaugu-
rated in 1956, was closely related to the expectations created around the announce-
ment by the American company that had the monopoly of Cuba’s electricity services
in those days. The company had intended to inaugurate its first nuclear plant in 1959,
the implementation of which was never taken very seriously.

Needless to say, what actually did happen in 1959 was the inauguration of a
period of deep revolutionary transformations in Cuban national life. As far as uni-
versity education was concerned, those changes were expressed in detail for the first
time in the Law for the Reform of Higher Education enacted in January 1962.
Among many other regulations it stipulated that 5-year degree courses in physics
and in mathematics should be established, to be taught at newly created schools
within the Faculty of Sciences, with the explicit proviso that practical training, sem-
inars and other activities should be organized with a clear view to promoting scien-
tific research. As a result, in subsequent years there was a remarkable increase in the
number and qualification of students who completed their physics or mathematics
degree courses at national universities and pedagogical institutes.

Contrary to common practice in the country before 1959, starting in the 1960s it
became a sine qua non requirement for the completion of any university degree
course that a proper academic board should approve a “diploma work™ containing
original results obtained by the student. A national commission was created in 1977
to regulate and oversee the awarding of doctoral degrees by individual institutions,
to which it may be added that scientific research, fundamental as well as applied to
the solution of problems of national interest, was then considered more than a purely
academic endeavor. This was indicated by the fact that many newly created institu-
tions were dedicated to research and development work, while the post of scientific
researcher was given professional standing, in other words put on the same level
with that of the university teaching staff. It was taken for granted that specialists
might be paid not only to do full-time research on applied subjects, but also on sub-
jects from whose eventual results one could hardly expect to have a practical impact
in the short run. A comparison of this situation with the former situation is quite
revealing, among other things, because it causes one to appreciate the value of the
work done by the very few who dedicated themselves to scientific work at that time.

To conclude, let me recall that in “Cuba’s Great Leap,” a four-page “commen-
tary” published by Nature in 1983 (Ubell 1983), its author reported on the consider-
able scientific and technological advances achieved by the country in a brief period,
especially in the fields of biomedical and agricultural research, though they were
not what they are today. Still, a comment on the progress of the physical and
mathematical sciences already achieved in Cuba in the same period was conspicuous
by its absence. In view of the above, I like to think that it would not have been out
of place to briefly mention therein the progress in those disciplines already achieved
in the country at the time.
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Chapter 6
A Comprehensive Study of the Development
of Physics in Cuba from 1959

Angelo Baracca, Victor Luis Fajer Avila,
and Carlos Rodriguez Castellanos

6.1 General Introduction

6.1.1 The Context

A foreign scientist visiting Cuba will be able to appreciate the generally excellent
teaching and research levels of its higher education institutions, as well as the large
quantity and high quality of the existing scientific research centers. On the whole,
these advances are the fruit of five decades of a clear and continued policy based on
the principle of universal and free education for all, and the backing of scientific
research as a fundamental tool for social and economical development. Because
a good example of this development of science and higher education (along with its
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peculiarities) can be seen in the field of physics, it is interesting to examine the
details of the historic development of physics in Cuba, its general and specific
elements, and the periods in which it happened.

In order to appreciate this achievement, one may recall that prior to the
Revolution, Cuba had four universities—three public and one private—with a total
of about 15,000 students; by 1985 the country had 46 such institutions with a total
of 200,000 students. According to official data the amount of state resources
allocated to scientific activities has been considerable: in 1997 more than 60,000
specialists worked in 422 academic centers of diverse disciplines. With 590 physi-
cians per 100,000 people, Cuba is the leading country worldwide in the quantitative
provision of medical personnel (CEDISAC 1998).

Another aspect that has characterized contemporary Cuba is the extension of
the education system and the very high percentage of the population with a degree.
In 1961, a general campaign of widespread mobilization eradicated illiteracy in the
country. In the following decades, quite an advanced research and higher education
system was built up, starting from relatively precarious levels. In addition, Cuba has
an exceptionally large number of university graduates with a solid level of training,
which is at present over 8 % of the national population.

Physics is a quite peculiar aspect of this whole picture, but very interesting and
significant. The physicists are a small part of the Cuban scientific community, but
they played an important role in the development of science and its applications in
Cuba. Because physics is a basic tool in all branches of the natural sciences and
technical disciplines, physicists are usually employed in many of them. In order to
graduate in any of these disciplines, the students have to follow one or more courses
of physics, as almost all the experimental and measurement devices (apart from
those that have a purely chemical basis) are based on physical principles, and the
presence of physicists is needed for their setting up and control. It is impossible
to conceive of the development of scientific disciplines in a country that heavily
lacks physicists.

After the Revolution in 1959, there were no existing activities in the country that
deserved the name of scientific research in the area of physics; Cuban universities
did not train physicists in the modern sense,' and the number of physicists in the
country ranked in the order of dozens. In view of these initial conditions, it is quite
remarkable that — in a country that at the time had around 6.2 million inhabitants,
barely 2.2 % of the world population — in the relatively short period of only 15-20
years, a higher education system with an international standard was developed,
simultaneously with some branches of scientific research that could compete with
those of much larger Latin American countries with a stronger scientific tradition.
In the following years, the Cuban scientific system was expanded and strengthened,

!'See the contribution to this volume by Baracca and Altshuler. A report by the ad hoc Truslow
Commission of the International Bank for Reconstruction and Development, which had travelled
to Cuba to study the provision of loans, stated unequivocally in 1950 that “in the field of applied
research and labs, there was no development at all in Cuba” (Sdenz and Garcia-Capote 1989;
Clark Arxer 2010, 123).
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and assumed a modern and efficient structure.> The number of graduated physicists
reached 429 in 1976 (see in the following and Appendix A.1), and the accumulated
number of physicists graduated in Cuba and abroad today ranks on the order of
2,500 (more than 10 % of them with a higher degree equivalent to a PhD), plus a
similar number of graduates as professors of secondary school teaching. One can
conclude that since 1959, more than one million professionals in all specialties have
graduated from Cuban universities, and the total number of physicists graduated in
Cuba and abroad, including those graduated in physics and teaching, is less than
0.5 % of the total number of professionals.

An international report on physics in Latin America (Mordn-Lépez 2000) places
Cuba (a country with some 11 million inhabitants), together with Chile, Venezuela,
and Colombia, among the countries with an intermediate number of PhDs in phys-
ics (between 100 and 500), after Brazil (3,000), Mexico (2,200), and Argentina
(2,000). Moreover, this report places the University of Havana among the outstand-
ing regional institutions in the advancement of physics, and recognizes the contribu-
tion of Cuban physicists to such areas as condensed matter and materials physics,
solar energy, optoelectronics and medical physics.

These aspects assume a more general sense and relevance when considered in
relation to what frequently happens in underdeveloped countries. Scientific and
technological development is linked to an understanding of progress according to
the model presented by the richer countries. However, it is not always clear whether
the advancement of science and technology is a necessary condition or a result of
that type of development. In this sense, the Cuban case also gives rise to interesting
considerations. The Latin American experience, in particular, was generally differ-
ent from the Cuban case (Galvez Taupier 1986). Latin American countries often
saw the creation of advanced research centers dedicated to research barely related to
national needs, while other institutions of higher learning with educational func-
tions did not reach the same level.?

2For evidence, see the remainder of this paper and Part IIT of this volume.

3 Argentina, for instance, has a long history in physics starting at La Plata University in 1909 when
Emil Bose arrived. Up until the 1950s, this university was the foremost center for the study of
physics in Argentina. In the fifties, the University of Buenos Aires and the University of Cordoba
created physics departments. At about the same time, the Atomic Energy commission laboratories
at Bariloche and in Buenos Aires were established. The physics department of the Universidad de
Buenos Aires as a whole has a very broad spectrum of activities which essentially cover all areas
of physics. Its biggest deficiency is the relative lack of experimental programs. This is a result of
the historical lack of funds available for the purchase of equipment.

In a recent study, Hurtado De Mendoza and Vara (2007) underline some features that may help
in appreciating differences in the Cuban case (apart from the most developed countries): “... some
developing countries decided to invest a significant part of their rather modest science budgets in
building many-million-dollar facilities. A comparative approach to the study of the first stages of
the Argentine TANDAR heavy ion accelerator and the Brazilian National Laboratory Synchrotron
Light (LNLS) projects may help to understand specificities in patterns of organization of big
science in peripheral contexts. Oversimplification of the decision-making processes linked to
authoritarian political contexts—which allowed to overcome the lack of consensus within the
physics community as well as financial uncertainties—seem to have been a necessary condition for
TANDAR and LNLS, which differentiated them from big science in developed countries.”
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In comparison, the Cuban case presents quite different and original features that
we will discuss in detail for the field of physics. The effort has constantly been made
by both the Cuban government and the national scientific community to link science
to the most urgent needs of the country’s further economic and social development,
although several different phases must be set apart, corresponding to growing needs
and changes of the decision structures and social actors. Soon after the Revolution,
intense discussions were held on the need to promote education and scientific
research, and on the branches that could be most useful for the promotion of general
development. As we shall see below, this is evident from the decisions that were
made from the beginning in the case of physics, which was considered (although
probably sometimes implicitly and for the interest and participation of prominent
foreign specialists in this field) a strategic discipline for supporting both technological
development and other scientific branches, such as biology and medicine. Such dis-
cussions were not limited to a narrow scientific and academic environment, but
involved, on the one side, the student component, which had played an important
role in the political and social events that preceded the Revolution and actively
helped in overcoming the deep deficiencies of the university, and on the other side,
the leadership and decision levels of the country, whose intellectual protagonists—in
particular Ernesto Guevara and Fidel Castro—had already acquired a clear awareness
of the importance of the development of science.

In the 1960s, the challenge of developing a modern scientific and high-level
education system, and the choices of which research fields had to be promoted,
was tackled through a wide debate which involved all the components of Cuban
society—political leaders, intellectuals, professors and students, as well as foreign
advisers—and paid special attention to the bonds of the branches of physics with the
national needs of the country. In the following section, we will sometimes refer to
this period as the “romantic” phase, because of the enthusiasm for the debate and
action by the Cuban actors and by the international left wing milieus (in which, as
already mentioned, physicists showed a remarkable interest). While a special effort
was made to reach a critical mass of well-trained physicists, new research centers
were created with the same aim of fulfilling basic national needs, and they were
integrated with other institutions of higher learning and research. In this respect,
advantage was taken of both the support of “western” visiting professors and of the
opportunities offered by sending students to graduate in Soviet universities).

Ultimately, the Cuban government and Cuban scientists tried to build a balanced
system of sciences, avoiding over-specialization in one or the other field, as had
happened in many developing countries. An example of the correspondence between
science and public needs is the close collaboration between meteorological institutes
and civil protection, which makes helps avoid the worst consequences of natural
catastrophes, such as hurricanes. Another example is the collaboration between
biotechnological research and the public health system. In spite of this emphasis on
public needs and applied science, the fundamental fields of physics and other
sciences have not been neglected.

In a general sense, the highly participatory processes in the post-revolutionary
climate were not limited to the educational sector, and this made Cuba one of the
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most egalitarian societies in the world, and resulted in acquiring a rather high ranking
in the Human Development Index elaborated by the United Nations Development
Program (UNDP 2003).

When, in the mid-1970s, a basic modern education and scientific system was
shaped, a new phase began: some prominent activities had reached a competitive
level in Latin America, in particular microelectronics, and the university curriculum
and teaching body were stabilized. Aside from the intrinsic need for re-organizing
and coordinating branches, institutions and initiatives that had emerged mainly with
their own specific tasks, some improvisation, loose coordination and more general
factors intervened during this time.

The initial plans of a rapid industrialization, conceived to overcome economic
dependency and backwardness, had not been achieved. Even the subsequent re-
orientation of the economy toward the sugar sector at the end of the 1960s was met
with the failure of the Zafra de 1970.* New economic strategies had to be imple-
mented. Meanwhile, the state structures had reached a considerable level of devel-
opment. The links with the Soviet Union had become much stronger, the economic
planning system was introduced, and from 1972, Cuba was integrated into the
Council of Mutual Economic Assistance (COMECON). In this new context, a
“Process of Institutionalization” initiated in the 1970s, soon involved the educational
and the scientific systems as well. Organizational directions and forms of rigid control
of teaching activities came from above. Government institutions were created for
the supervision, control and organization of teaching and scientific activities and the
first general assessment of the state of development of research in physics was
arranged (Pérez Rojas et al. 1976). Although this process of centralization led to
contradictions, it must be acknowledged that “for the first time in Cuba, contrary to
the situation of other Latin American countries, science received decisive support
and occupied a first order place” (Galvez Taupier 1986).

These achievements allowed for further extension and differentiation of the
Cuban scientific system in the 1980s. The development of new scientific and techni-
cal fields was deemed necessary for the future needs of the country, such as nuclear
energy (the decision to build a nuclear power plant in Cuba) and electronics. Other
fields, both old and new, were also promoted as will be discussed. The Cuban gov-
ernment made strategic decisions for the development of these new areas. In the
case of electronics, there was strong participation of the budding scientific commu-
nity in this field and specialists from industry in the elaboration of proposals, which
were later assimilated into governmental policies. The early development of the
nuclear sector in the previous decade, which was promoted by collaboration with
the Soviet Union and the active and decisive work of then recently graduated Cuban
physicists, benefitted an autonomous organization the 1980s under the general
direction of the physicist Fidel Castro Diaz-Balart.

4«Zafra” is the Latin American term for sugar harvest. The term “Zafra of 1970 refers to the target
of reaching the record sugar production of 10 million metric tons during the 1969-1970 Zafra.
This target was not reached: the Cuban economy was severely affected and this led to important
changes in economic policies, with a progressive approach toward the Soviet model.
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Around the mid-1980s, the Cuban government promoted a Proceso de
Rectificacion (Process of Correction), which re-centralized the economy and
returned ideologically to a strong emphasis on the original character of the Cuban
Revolution. This in turn began a process of “Correction of Errors and Negative
Trends”, which implied a certain dose of self-criticism regarding the rigid adapta-
tion since the 1970s of Soviet models. Nevertheless, the reliance on scientific and
technical development was reinforced as a result of this revision process and led to
the creation of new centers and programs, particularly in the area of physics.

It is difficult, if not impossible, to provide an appraisal of the effectiveness of
this revision process, in particular, of its possible effects on scientific fields due to
its occurrence at a time when Gorbachev’s perestroika policies put a particular
strain on political and economic relations between the two countries. Between 1986
and 1989, the Soviet Union gradually reduced its economic support for Cuba.

When the Soviet Union collapsed, many people thought that Cuba’s social orga-
nization, sciences and higher education system would not survive. But this was not
the case. Without doubt, the new situation had a negative impact on the development
and organization of scientific research and teaching, but science, in particular phys-
ics, did not collapse and even registered some progress. In the decade between 1991
and 2000, the existence of a “core” of scientists and technologists, together with a
consolidated system of science and higher education, enabled Cuban science and
technology to withstand and overcome obstacles that appeared insurmountable.
From 1960 to 1990, about 1,300 Cuban physicists graduated (836 of them from
Cuban universities) and a similar number of secondary school physics teachers
graduated from higher institutions of pedagogy. The number of PhDs in physics
registered in 1990 by the National Commission of Scientific Degrees was 129,
about 10 % of the total number of physicists, and the number was growing at a rate
of ten PhDs per year. In the 1990s, 518 new physicists and 58 PhDs received their
degrees in Cuba; this is not dramatically less than the 103 physicists of the 1980s.
In addition, MSc programs in physics, which had an ephemeral existence in the
1970s, were launched again in 1994 and produced 108 specialists in various
branches of pure and applied physics. In the last two decades a “brain drain”
occurred in the form of scientists who decided to leave the country: this problem,
however, did not exist before the 1990s.

Concluding these preliminary remarks on the peculiarity of the educational and
scientific development of Cuba with respect to the other Latin American countries,
it seems pertinent to add that the choices made in Cuba seem rather original in com-
parison to other developing countries facing problems concerning the so-called
“underdevelopment”, the technical and scientific gap, and generally the relation-
ships and reciprocal influences between scientific, economic, cultural and social
development. An appraisal of these choices, their effects and effectiveness will be
attempted in the course of this analysis of the development of physics. In this
respect, it must be specified from the beginning, however, that, as mentioned,
the disintegration of the Eastern Bloc occurred too early and too suddenly, at a
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time when the most important developments were still underway. This prevented
their full enforcement. An undoubtedly positive effect of the Cuban choices and
efforts, however, was the fact that, in spite of the tremendous shock, its scientific
system did not collapse and even showed signs not only of resistance, but also of
renewal and revival.

6.1.2 Methodological Note and Structure of This Chapter

The present chapter aims to reconstruct the main stages of the above-mentioned
process from the Cuban Revolution (1959) to the present time.’

A general premise is necessary on the documentary sources used and the
method adopted in this research. The written documents available on the develop-
ment of physics in Cuba related to the early two decades are quite scarce, so that
the reconstruction presented here is based mainly on oral history research. Most
of the information presented in this study is sourced from interviews with Cuban
colleagues who played leading roles in the events described here. This approach
obviously implies drawbacks since the information obtained relies on the personal
memories and views of the interviewees, and in some cases uncertain or contro-
versial aspects arise. Despite this drawback, every effort has been made to verify
the information.

A second premise is that the level of the results presented in this analysis is
not homogeneous, since a verification of the information could only be applied
in a systematic way to the first 20 years of the whole period under consideration,
i.e., the 1960s and 1970s. This period has some peculiar aspects because it cor-
responds to the launching of the process, which was undertaken under extremely
difficult conditions for the country as a whole, and for universities in particular.
In this sense, the direct witnesses we approached were irreplaceable for transmitting
the liveliness, fantasy, and creativity that characterized the early steps and consoli-
dation of the results and structures. This could hardly be reproduced in official
documents and resolutions. Improvisation was essential but always guided by
the goal to achieve rigorous standards, which, however, were not always easy to
adhere to. The vitality of the personal reminiscences, however, was generally
compatible enough with a reasonable level of detachment in order to render a
good historical perspective.

Concerning the later decades, from the 1980s to the present, the level of this
investigation is less supported and complete. This is due, in the first place, to a lack
of time to proceed systematically with the above-discussed method (although
personal records were verified), and also because of other factors that complicated

SPartial results of this research have appeared in several journals: Baracca (1999), Baracca et al.
(2001, 2004), Baracca and Méndez (2001), Baracca (2005), and Baracca et al. (2006).
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the picture and the work: the higher complexity, articulation and amplitude of the
mature phase of the Cuban scientific system, combined with a smaller temporal
distance, all of which makes the necessary historical perspective more problematic.
Perhaps the greatest difficulty that characterizes the most recent period, and makes
it difficult for an historical evaluation of the previous developments was the drastic
turn between the 1980s and the 1990s sparked by the collapse of the Eastern Bloc.
After three decades of efforts to build a modern and efficient system from scratch, it
now seemed necessary to begin anew. The challenge for a historical reconstruction
of these dramatic events is given by the close time proximity and the risk of falling
into ideological or apologetic interpretations. Despite this, we consider the following
analysis, based on the soundness of the developments achieved in the preceding
decades, to be reliable enough to explain the resistance of the Cuban scientific system
to the effects of the crisis induced by Soviet collapse.

6.1.3 The Phases of Development in Physics
in Cuba After 1959

Since the Revolution, the development of physics in Cuba has gone through several
phases of change, growth and settling: these were characterized, as anticipated, by
somewhat different processes, motivations, mechanisms and actors. At times, the
very spirit with which problems and difficulties were tackled changed from one
phase of development to another. This took place, in particular, during the initial
stages when the difficulties of developing an advanced education and research sys-
tem from practically nothing but with a collective and cooperative enthusiasm
which is labeled as the romantic phase.

The distinction of a sequence of phases of development exposes historians to the
dangers of arbitrariness, abstraction, schematics or approximation, since changes do
not happen abruptly but are the result of a merging process. Different approaches
and proposals coexist in every phase, often as many as the actors involved.
Nevertheless the approximation proposed here is the result of efforts to identify the
root processes, their evolution and incorporation in the Cuban scientific system and
methods. Using this approach, we will discuss the developments comparatively
before reconstructing the development of each separate branch over half a century
and the level reached by almost all branches of physics at each stage.

It is useful to state beforehand that the scientific system in Cuba, despite its limits
in comparison to larger, more developed countries, has reached a considerable level
of complexity and interconnectedness. More so, because the promotion or creation of
new organs—as well institutional changes that sometimes appear rather arbitrary—
tell much about scientific choices. Every effort will be made to separate conceptually
the unavoidable analysis of the entanglement of institutions and organizational
initiatives. This will be undertaken by evaluating their contribution to specific
scientific achievements, although this may lead to repetition.
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6.1.3.1 The 1960s: Early Efforts and Improvisation

When the revolutionary forces took over, the three public universities existing in
Cuba had been closed since the end of November 1956 when the University Council
suspended academic activities because of the brutality of police repression of
students. At that time, the universities had just over 15,000 students, most of them
enrolled in humanities degree courses. The task of the universities had been to
educate the neocolonial elite and to teach scientific courses to secondary school
teachers.® As a result, a good level of secondary teaching of physics had been
attained in the decades preceding the Revolution. This provided a solid basis for the
new university, though the number of both professors and graduates was rather
limited and thus delayed the development of a new generation of well-trained
physicists.

In the period between the academic years 1959-1960 and 1970-1971, enrollment
rose by only 10,000 students. This increase took place mostly because of the greater
opportunities offered to the relatively few students who had completed higher
secondary education. Most important was that this modest increase was accompanied
by a substantial change in the enrollment structure, which favored scientific and
technological degree courses. The real quantitative step forward took place in the
following decade, when the wave of educational growth that had begun with the
1961 literacy campaign reached the universities, thus increasing enrollment to
155,000 students (MES 1997).

During the 1960s, advances took place at the University of Havana, particularly
at its Physics School (Escuela de Fisica), founded in 1962. Great efforts were made
to implement an updated syllabus for the licenciatura in physics, to stabilize the
teaching staff, to create the first new laboratories and workshops, to set up research
activities and to graduate, at the turn of the decade, the first hundred physics licen-
ciados, who would be capable of boosting higher-level education and scientific
research in various branches.

The situation of the Physics School remained very unstable during the first half
of the 1960s, mainly because of a lack of adequate teaching staff and aggravated by
the emigration of some former staff members. The situation was such that practi-
cally all students from the second year and above had to teach what they could to the
students in lower years. This was despite the fact that since 1962 several foreign
physicists, both Soviet and western, were involved in relevant academic activities
for relatively long periods, as will be detailed later. In 1961, a process began which
was to play a fundamental role in later years: a substantial number of Cuban stu-
dents took scholarships offered by the government to study physics or physics-
related degree courses in higher education centers in the Soviet Union.

After extended debates, the enactment of the Higher Education Reform Law in
1962 contributed to the stabilization of the ongoing educational process at a time
of violent external aggression (Comisioén de Investigaciones 1963). To grasp the

°This is analyzed in detail in the chapter by Jose Altshuler and Baracca in this volume.
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irreproducible atmosphere and enthusiasm of those years, one must consider the
intellectual and international origin (Guevara was an Argentine physician) of the
leaders of the revolution, whose trips abroad brought them into contact with inter-
national effervescent milieus and the most advanced revolutionary debates and
projects. Moreover, one must also consider the central role that the larger part of
Cuban students, intellectuals and also workers’ leaders had played in the revolution.
As a consequence, among the leading actors, the need to build a modern university and
to develop modern and advanced scientific research, which was almost completely
absent in Cuban universities before 1959, was widely acknowledged.

Keeping this in mind, one may understand how the goal of developing research
in the university was at the core of the lively discussions that prepared the 1962
reform. The reform was elaborated through intense debates involving all of the
above-mentioned components of Cuban society. This made scientific research
pre-eminent as an expression of the desired link between theory and practice and
as a way for the academic community to participate in the social and economic
development of the country. In turn, this gave rise to a group of revolutionary trans-
formations that radically modified the university in less than a decade. In Cuba,
there was a clear perception of the relevance of physics as a basic tool for every
further scientific and technical development, and efforts concentrated in this disci-
pline together with other basic sciences. Given the post-war international climate,
however, this choice should not be too surprising. For better or worse, physics
brought striking advances during the war and in the rhetoric of the leading coun-
tries, including the socialist ones, it promised miracles, both in itself and as a basic
resource for fantastic progress in every field.

The first steps in developing scientific research activities advanced quickly, in
spite of difficulties and deficiencies of every kind. In the Physics School of the
University of Havana, this was linked especially to experimental work. In spite of
its substantially voluntaristic drive and the modest results obtained, this early intro-
duction of the new spirit played a very important role and was to leave an enduring
tradition. The establishment of several new laboratories and workshops provided
the effective and necessary base for the future development of research work.

Two other foundational acts that were significant for the further general develop-
ment of physics and science were again linked to the University of Havana. The first
was the inauguration at the end of 1964 of the José Antonio Echeverria’ University
City (CUJAE), the new site of the Faculty of Technology. The second was the merg-
ing of the then recently-founded National Center for Scientific Research (CNIC)
with the University of Havana. The center would develop fully-fledged courses in
basic sciences and play a central role in training research workers in the biological,
medical, veterinary, chemical and other scientific branches.

7José Antonio Echeverria Bianchi (1932-1937), a student of architecture, president of the
University Students Federation (FEU) and of the Directorio Revolucionario, was a leader of the
student fight against the tyranny of Fulgencio Batista. He led the actions of March 13, 1957, which
included the attack on the presidential palace in Havana. He died the same day in a clash with the
police near the walls of the University of Havana. Cf. Sect. 6.6.3 of the chapter by Altshuler and
Baracca in this volume.
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The clear idea of the need to develop an articulate system of scientific research
spread beyond the borders of the universities. Thus, the new Cuban Academy of
Sciences (ACC) was founded in 1962, which aimed at promoting research in
various fields.® In 1962-1963, the Ministry of Industries, then headed by Ernesto
Guevara, set up a group of institutes dedicated to doing research related to sugar
production, sugar cane-derived products, metallurgy, standardization, industrial
chemistry and mining. When the Latin American Center for Physics (CLAF) was
created in 1962 as an intergovernmental organization for the promotion of physics
in Latin America, Cuba became one of its founding members. All of these were
seeds that started to evolve into a broad base and a scientific culture which later
were to yield important results.

In order to grasp some of the basic features of this analysis, it is worth emphasiz-
ing from the beginning the basic factors that contributed to promoting and shaping
Cuban physics. Obviously, the enormous efforts made by Cuban physicists, and
early on by the students, were fundamental. From the very beginning, they relied on
their own knowledge and abilities to advance the development of autonomous work
and basic tools. These efforts left a kind of enduring imprint in the attitude of Cuban
physicists from this era. It is interesting to note that this attitude of making the best
of a situation corresponds to a peculiar and common feature in every aspect of
Cuban life, exemplified, for instance, in the continuous use of old-time American
cars, despite the lack for more than half a century of any spare parts. One of the first
occurrences of this kind of do-it-yourself method in physics was the use of the most
advanced American textbooks of physics and mathematics of the time—regardless
of copyright—in some cases piecing together single chapters into a mosaic text-
book, sometimes known as “Frankensteins.” Suitable for modernizing the teaching
of physics, these textbooks were printed and distributed freely to students.

As a second basic factor, the support given by the Soviet Union and the East
European countries can be hardly be overstated. However, this became increasingly
relevant only in the subsequent years when the bonds between Cuba and those coun-
tries became closer, and the participation of Soviet and East European specialists
increased dramatically. Cuban graduates in those countries, especially in the Soviet
Union, but also in East Germany, Czechoslovakia, Hungary and Poland, began to
return and their numbers increased. Cuban scientists were also hosted by high-
ranking Soviet and eastern academies and institutions.

In the early years, and until the early 1970s, there was another extremely relevant
but lesser known group of actors who supported and promoted the development of
higher-level teaching and scientific research activities in Cuba, and who played a
concrete role in molding the mentality and attitude of Cuban physicists and was
key for certain branches and initiatives. As early as 1961, a remarkable number of
professors and experts from many western countries, such as the United States,

8The first academy was established in Cuba in 1861 as a scientific society under the name Real
Academia de Ciencias Médicas, Fisicas y Naturales de La Habana (cf. the chapter by Altshuler
and Baracca in this volume). With the independence of the country in 1902, the academy lost the
appellative Real. In 1962, the Academy of Science was re-established with a national character and
with the task of developing research centers.
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France, Britain, Italy, Argentina and Mexico, visited the Physics School of the
University of Havana for more or less extended time periods, providing expert
advice, giving advanced courses, organizing student laboratories and workshops
and promoting the first scientific research activities. Moreover, between 1968 and
1973, French physicists organized summer schools and, together with colleagues
from other countries, gave courses and supplied much-needed apparatus and
materials.’ In particular, we will refer to the role played by French physicists by the
end of the 1960s on the development of electronics and microelectronics, before the
cooperation was consolidated with such institutions as the Moscow “Lomonosov”
State University, the Leningrad “Ioffe” Physico-technical Institute, and other
teaching and research centers in the Soviet Union and the East European countries.
From 1969, several Cuban physicists were trained at teaching centers and labora-
tories in Italy (MASPEC University and laboratory at Parma), Sweden (Uppsala
University) and France (Paris Sud and Montpellier Universities). In the 1970s, a
UNESCO program made it possible for Cuban physicists to collaborate with
their Canadian colleagues, mainly from the University of Toronto. While some of
these links weakened by the mid-1970s, contact was maintained, though on a
smaller scale, with scientists, academics, and professionals from both eastern and
western countries.

Anticipating some of the conclusions of this analysis, the influence of the latter
two factors and actors differed from field to field. In the early phase, the develop-
ment of semiconductor physics, solid-state electronic devices and microelectronics
was supported at the Physics School by western specialists: its most advanced
achievements were made by the French physicists in the summer schools. Only in a
subsequent phase did the relationship with the Soviet “loffe” Institute take a leading
role. But, as the contribution by Fabrizio Leccabue to this volume emphasizes, as
late as 1981 the aim to develop advanced research on solid-state physics and items
of technology (calcopyrites and related alloys for photovoltaics, magnetic materials,
sensors, magnetically coupled mechanical systems, piezoelectrics, ferroelectrics)
met with the difficulty that “scientific exchanges with the USSR were useful, but
could not cover the whole set of conditions for the development of this field of
research,” and wider international contacts and collaborations had to be promoted,
also to “help in providing and shipping scientific equipment” (Italy, Spain, France,
Austria, Portugal, México, Venezuela, Brazil). On the other hand, the fields of
nuclear physics and technology were thus developed and organized with the over-
whelming support of the Soviet Union.!°

In the second half of the 1960s, the first graduates to have obtained their degrees
in the Soviet Union returned to Cuba and the first licenciados trained in physics
were incorporated. The Physics School was thus able to stabilize its teaching
staff and rigorously update its syllabus. The graduates trained in the Soviet Union
introduced a much more systematic and rigorous method, which led to some conflicts.
The student component, which played an important role in the early activities and

°See the chapter by Jacqueline Cernogora in this volume.
10See the chapter by Leccabue in this volume.
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shared considerable influence in its operation, had a more relaxed attitude toward
learning and teaching methods. A clash was unavoidable and the influence of the
students on teaching methods subsequently declined.

After the development phase and the stabilization of the curriculum in the second
half of the 1960s, the number of students grew, to the extent that in 1970 the first
“mass” graduation of 67 licenciados occurred. From these, a “critical mass” of
physicists with good basic training was selected either to increase the teaching staff
of the Physics School itself or to staff other recently created institutions. In those
years, new research centers or groups related to physics were established within the
Academy of Sciences and at the Physics Schools of the universities of Oriente
(Universidad de Oriente n.d.) and Las Villas. The first graduation of the Physics
School of the University of Oriente took place in 1970. At the same time, dozens of
Cuban students were studying degree courses in physics in the Soviet Union, East
Germany and other European socialist countries.

With the support of visiting professors and autonomous resources, the first
research activities began to materialize in the Physics School and the first results
were attained. It was in this period that the debate took place concerning the most
appropriate direction to steer in physics so that it would meet the basic needs of the
country. Apart from the political leaders, this debate not only involved the teaching
staff, but spread beyond the university to involve some of the physicists who had
participated in the Cultural Congress of Havana in January 1968, which was
attended by 483 renowned figures.!! These included the Italians Roberto Fieschi,
Bruno Vitale and Daniele Amati, the Frenchman Jean-Pierre Vigier and the Soviet
Boris Pavlovich Konstantinov.!? To put this into the cultural and political context of
the time, one has to keep in mind the movements against the aggression of United
States in Vietnam, and also the French riots of May 1968. In view of the existing
limitations of available resources and the accepted policy of achieving effective col-
laboration between the universities and the research institutions, there was a con-
sensus on the need to concentrate efforts in a certain directions. For instance, it was
decided to discard the construction of charged particle accelerators, and the pursuit
of sub-nuclear physics.'> While complying with its duty to train a wide range of
licenciados in physics, the Physics School of the University of Havana, the coun-
try’s leading institution in physics, still pursued research and postgraduate studies in
(mainly) experimental and theoretical solid-state physics, specializing in semicon-
ductor materials and devices, metals and magnetism. As will be shown later, this
choice had important consequences.

It was in these years that the long-term directions of scientific research were
defined for the majority of physics-related institutions in Cuba. Other institutions
were created, expanded or transformed in order to develop other fields of scientific
activity that were considered important for national needs. These institutions,

" For more on the choice of the research field, see Sect. 6.3.2.1.

12The General Declaration of the Congress was published in various languages, among these in the
Journal “Vida Universitaria”: Vida Universitaria (1968).

13 Other socialist countries chose to pursue all fields, thereby overstretching their capacities.
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moreover, came under the increasing influence of Soviet and other socialist schools,
as these trained a large number of the Cuban physicists. At the CUJAE, the focus
was placed first on research and development of microelectronics, and then later on
optics. Geophysical, astronomical oceanological and meteorological work began at
the Academy of Sciences, which was extended to nuclear physics in 1968 and to
quantum optics, acoustics and field theory from 1970. Nuclear physics and its appli-
cations were also dealt with at the University of Oriente (as well as X-ray and metal
physics, optics and spectroscopy), at the CNIC and at Havana’s Oncology Hospital.
A Center for Metallurgical Research and an Institute for Metrology grew at the
Ministry of Industries, as well as a Central Laboratory for Telecommunications at
the Ministry of Communications. Thus, a network of more or less specialized tech-
noscientific institutions came into being, within which groups of physicists were
created to tackle research and development programs which, when put together,
covered a wide spectrum of physical sciences.

Toward the end of the 1960s, scientific exchange with Soviet universities and
institutes of the Soviet Academy of Sciences began to be institutionalized. Rather
than undergraduate training, it aimed instead at the postgraduate training of young
Cuban licenciados in physics and at the strengthening of the country’s incipient
research groups. Collaboration with the University of Parma and the MASPEC
Institute of the same city began during the same period.

6.1.3.2 The 1970s: Shaping the Scientific System in Cuba

The 1970s witnessed the decisive takeoff of research in physics and other areas as
well as the achievement of the first important results. The advances achieved in
microelectronics at the Physics School of the University of Havana and at the
CUJAE were remarkable: there was already a project for a pilot plant to produce
semiconductor devices and integrated circuits. We have already stressed the role of
French physicists in the summer schools in introducing the most advanced materials
and techniques. In the first half of the decade, the activities in this field reached an
acceptable level by international standards, with the ability to completely manufac-
ture medium integration circuits. When the 4th Latin American Symposium on
Solid State Physics was held in Havana in 1975, it could be noted that much prog-
ress had been made in this field in a very short time. At the same time, remarkable
advances were made in other branches such as nuclear physics, optics, meteorology,
geophysics and medical physics. In the early 1970s, postgraduate courses yielded
the first master degrees (in Cuba and abroad) and doctorate degrees (abroad). By the
end of the decade, the Cuban Society of Physics had been founded.

In under 20 years of growth, the Cuban scientific system had achieved its first
institutionalization as part of the Cuban state organization. In 1975, the Communist
Party of Cuba held his first congress, and in 1976, the Constitution of the Republic
of Cuba was enacted. As we have mentioned, the “process of institutionalization”
and the adoption of economic planning led to stricter controls by the government,
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with the creation, or reform, of institutions responsible for drawing up national sci-
entific policy, supervising its execution, and generally guiding the country’s sci-
entific efforts (in 1974, the National Council for Science and Technology, CNCT;
1976, Ministry of Higher Education, MES). While to a certain extent this institu-
tionalization numbed the romantic, improvising and enthusiastic spirit that had
fueled the initial stages, it introduced the organization and rationality required to
enable the full development of the national scientific system in the following decade.

Collaboration with leading institutions in the Soviet Union and in many other
socialist countries was substantially strengthened, as were the final choice of eco-
nomic and political bonds. Nevertheless, as mentioned, Cuban physicists never cut
contact, collaboration or exchanges with physics institutions and centers in capital-
ist countries; in several cases these increased. As will be discussed in more detail
later, despite the tremendous prestige and influence of Soviet science, its methods
of scientific organization and approach were never fully adopted in Cuba. Instead,
they were adapted to the characteristic Cuban do-it-yourself approach.

6.1.3.3 The 1980s: Progress, Criticism, Reorganization and Crisis

Thanks to the foundations laid during the two preceding decades, the 1980s saw the
full development of the Cuban scientific system, and of physics in particular. A new
organization arose in which science as such was embedded in the national economic
planning, especially when required to support the processes of industrial technology
transfer from the Soviet Union and Eastern Europe. Thus, for example, the strategic
governmental decision to build a Soviet electronuclear power plant, together with
a wide range of nuclear technologies, led to an accelerated development of the
techno-scientific nuclear sector, which was radically reorganized in an autonomous
and top down manner, raising some contradictions in the Cuban community of
physicists. But the efforts were not limited to the nuclear sector and involved other
strategic fields, such as investment for the development of the electronics industry
and its related research. This increase in scale posed new challenges and raised
new contradictions.

Around the mid-1980s, Fidel Castro and the Cuban Communist Party promoted
the Proceso de Rectificacion de errores y tendencias negativas (process of correc-
tion of errors and negative trends), mentioned above, and the reorientation of the
Cuban economic system in order to correct the errors derived from the uncritical
implementation of the Soviet model. This process was contemporaneous to Soviet
Perestroika, but was aimed to strengthen socialism and not to introduce capitalist
reforms. It included practically all spheres of society, but one of its main aims was
undoubtedly to ‘close the cycle of scientific research.” In spite of the remarkable
results achieved thus far, the low level of application of the results obtained was in
fact criticized, together with the dispersion and lack of integration of efforts made.
Still, the dissatisfaction with the scant economic and social contribution of science
did not cause a lack of confidence, but rather strengthened its position. During this
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process, important changes were introduced to Cuba’s scientific policy, and relevant
investments were made in the creation of centers of research “of a new kind,” which
aimed to ensure conditions for the introduction of scientific results into social
practice. Scientific poles and national, territorial and branch technoscientific
programs were created, along with an innovation movement through the organiza-
tion of science and technology forums (Rodriguez Castellanos 1997). The main
positive results were the creation of the scientific pole of biotechnology and of the
medical- pharmaceutical industry.

Many of the changes introduced during the rectification process will be evaluated
in the following, although this poses difficulties since they overlap with the loosening
of economic bonds with and diminished support from the Soviet Union of Third
World countries. This in turn hampered the full development of projects and
the fulfillment of scientific objectives in Cuba: the construction of a nuclear power
plant, for example, was at first put on hold and then finally cancelled. In general,
the transformations that were already underway helped the scientific institutions to
increase the applications and direct economic contribution of their results, especially
in the Periodo Especial that was to follow. However, in many cases basic research
and the training of doctors were weakened.

6.1.3.4 Cuban Physics During and After the ‘“Periodo Especial”

There is at least one final historical judgment that can be drawn. The entire Cuban
research and education system experienced tremendous cutbacks in the financial and
material resources at its disposal, and important international scientific collaboration
links were suddenly cut off. Many physics programs were reduced or redirected,
since priority was given to sectors less related to physics, such as tourism, food,
biotechnology, medicine and pharmacy (Rodriguez Castellanos 1997). But, in spite
of this, the solidity achieved by the national scientific system during the three
previous decades, added to the attained critical mass, professional level and social
engagement of its scientists, enabled it to basically resist this tremendous blow.
Needless to say, the related changes and consequences have been quite marked,
the experimental activity has diminished considerably, a significant number of
physicists have emigrated, the enrollment, graduation and graduates working for
their PhD has decreased, but the core of the community has been able to resist,
sometimes by redirecting its activities while still working at a high professional
level. New relations and exchanges have been established with quite a few countries
(in particular, Spain and other countries in Latin America). In some branches, new
activities have started up. All in all, physics in Cuba remains vital and internationally
applicable—in spite of the temporal proximity or the contemporaneity of these
events—as will be outlined in the final part of this paper.'*

14This is also discussed in most of the contributions by Cuban physicists in the second part of this
volume.
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6.1.3.5 The Actors in the Development of the Scientific System

The understanding of the peculiarities of the emergence and development of the
Cuban scientific system, outlined above for the case of physics, can be improved by
adding some remarks about the actors involved in this process. We have stressed the
fact that both the revolutionary movement and the new generations were conscious-
ness of the need to develop a modern scientific research system, in particular, of the
importance of physics as a fundamental basis, although each retained specific views
and were inspired by specific types of logic. For instance, the views of the students
who taught in the Physics School differed from those who graduated in the Soviet
system. However, both constituted the first generation of Cuban physicists in
the new university. The early teachers at the school came in part from the elite
component of professors at secondary schools and had been educated at the
pre-revolutionary university, whose influence by the American scientific system
and organization had been overwhelming since the neo-colonial period.'s

The leaders of the Revolution had different cultural and educational backgrounds.
Ernesto Guevara trained in medicine in Argentina, which was already a fairly advanced
country in the first half of the twentieth century. He later traveled the continent and
lived in Mexico, where together with Fidel Castro, he came into contact with left-
wing international milieus. Castro in contrast was taught at private Jesuit boarding
schools and later at the law school of the University of Havana. Guevara was the
main promoter of sending Cuban students to graduate in the Soviet Union.

The main scientific Cuban institutions had at least a double origin: many of them
arose from the government and advised by the scientific community, which probably
had more direct influence in the early phase, before the process of institutionalization.
Apart from prioritizing the development of solid-state electronic devices, Guevara
promoted courses in advanced mathematics at the Ministry of Industry when he
headed it, given by professors from the University of Havana. In speeches he held
at the country’s three universities from 1959 to1960, he insisted that university
programs and enrollments had to correspond with the needs for the development of
the country, and that this applied to the establishment of research centers within the
Ministry of Industry. But some of the most influential Cuban institutions arose from
the intuition and direct initiatives of Fidel Castro himself.

6.1.4 Summary of the Original Traits of Cuban Physics

We have repeatedly referred to the original traits that can be identified in Cuban
physics, its method and approach. Considerations of this order are always an
abstraction: strictly speaking, each scientist has his own personal approach and
style of research, and physics (and science in general) is becoming increasingly

15The pre-revolution university has been analyzed in the chapter by Altshuler and Baracca in this
volume.
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standardized on a global level. Nevertheless, in our opinion some common features
can be pinpointed. We have already remarked that what has happened with physics
shows some similarity with what happened with practically all the cultural expressions
of Cuban culture and mentality, where different tendencies and influences have
amalgamated to produce an original result.

Cuban physicists were protagonists in the revolutionary environment, which
strongly promoted the development of science. They had free or inexpensive access
to international physics textbooks. In decisions made about the choices and direc-
tions of development, there was a wide collective participation, and subsequently
the government insisted on and promoted the application of physics in activities
concerning both the economy and society at large.

With regard to the methodological approach, the Cuban physicists have kept, and
fused together different traditions (in particular, Soviet and “Western”), with a touch
of typically Cuban fantasy and “do-it-yourself”. The lively and combative student
component directly engaged with the renovation of the Physics School of the
University of Havana constituted the first generation of the new physics graduates
in Cuba. They came abreast to the first graduates of the Soviet Union, who were
formed with a very different spirit: nevertheless it is certain that both transmitted
their own attitude in their subsequent teaching and research activity.

Furthermore, the numerous western physicists active in Cuba up to the early
1970s certainly transmitted their own attitude (besides western techniques). We will see
in more detail how the first invited professors implemented do-it-yourself activities,
starting practically from nothing. This was a characteristic that integrated well with
the innate Cuban spirit and constantly recurs in many of the activities and initiatives
of Cuban physicists.

We will now give a more detailed and chronological description of the innovations
and developments in physics, of the growing complexity of initiatives, and finally of
their implications.

6.2 Up to the Mid-1960s: Coping with the Difficulties

6.2.1 Early Initiatives for Reform in Physics

The University of Havana reopened in January 1959, and on May 11, the leader of
the Revolution, Fidel Castro, inaugurated the new academic courses. As mentioned
already, the leaders of the Revolution and active participants from the intellectual
milieus understood that general instruction and higher education were necessary
conditions for building a modern country and they had a clear vision of how to do
this. Around the mid-twentieth century belief in science as an instrument for libera-
tion and development belonged to the tradition of the left wing and of progressive
thought. The events of war and post-war reconstruction highlighted even more the
crucial role of science and scientific research in the modern world. At that time, the
prestige of Soviet science was immense.
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The revolutionary government announced that from then on education in Cuba
would be free of charge at all levels and accessible to all people, whatever their
social economic status; it was destined to play a very relevant role in the country.
Alongside the ongoing political struggle, an intense debate was held on university
reorganization and the need for modern higher education and a scientific research
system linked to the development of the country (De Armas et al. 1984). This debate
involved different levels of Cuban society. Beside that of teachers and various
professional sectors, student participation carried great weight since they had been
particularly active in the revolutionary struggle. The implementation of a very com-
prehensive scholarship plan and other forms of economic support served to open
doors at the university to many talented young people who in former times had no
access to higher education studies, thus changing the social composition of the stu-
dent body.!® Several revolutionary leaders, especially Fidel Castro and Ernesto
Guevara, insisted in their public speeches on the importance of transforming the
universities and developing scientific research. On January 15, 1960, Castro deliv-
ered a speech at the site of the old Academy of Sciences in which he asserted that
“The future of this country must be a future of men of science, men of thought,”
which later on inspired the declaration of January 15 as the “Day of Cuban Science.”
Between the end of the 1950s and the early 1960s, “Ché” delivered speeches at the
three public universities, putting forward his ideas on the role to be played by the
universities and the importance of increasing the enrollment in scientific and tech-
nological degree courses. Later on, as minister of industries, he proposed several
areas to be tackled by the universities to support the technological development of
the country, which included cutting-edge branches such as solid-state electronics.

Although the Cuban Higher Education Reform Law, (Consejo Superior de
Universades 1926), drawn up by a commission of professors and students, was
not enacted until January 10, 1962, many of the ideas it contained were based on a
consensus that had been already reached among the actors involved, and these had
already been implemented by 1960-1961. Quite a few initiatives that were institu-
tionalized later on had already been put into practice during this period. The reform
was the result of a process that was quickly and increasingly radicalized as time
went by, in step with the transformations taking place in the country while facing
political, economic and military aggression from abroad.

6.2.1.1 1960: The Early Reform Movement in the School of Electrical
Engineering

The recurrent emergencies of the country naturally promoted the early efforts.
Being a country isolated from the rest of the world, under critical circumstances that
could escalate at any time, in that moment it was deemed quite urgent to develop
short wave radio communications; such a scenario urgently required in the first
place the special training of highly qualified personnel, such as engineers. It turned

*The interview with Melquiades de Dios Leyva in this volume is particularly eloquent on the
importance of the unprecedented opportunities provided to the lower classes.
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out that this triggered the first substantial reform of a degree course syllabus, which
included basic courses and physics teaching. This was first taught in 1960 at the
engineering faculty of the University of Havana (Altshuler 2006, chap. 7) Most of
the established teaching staff were too conservative and unable or unwilling to
implement the required changes, and consequently the students responded by taking
the initiative to provisionally hire several competent professionals for the purpose.
In the first half of the 1960s, students had a large influence on the direction of the
university, sometimes more than that of the academic authorities. This role can be
understood against the background of their leading participation in the fight against
the Batista dictatorship, directed by the Federacion de Estudiantes Universitarios
(FEU). The students had direct relationships with Fidel Castro and other leaders of
the Revolution, and they had economic resources and a broad autonomy. This situ-
ation began to change in the second half of the 1960s, with the establishment of the
Communist Party at the University of Havana and the strengthening of new aca-
demic authorities: nevertheless the participation of the student organizations, FEU
and Union de Jovenes Comunistas (UJC), remains at every level a peculiar feature
of the Cuban higher education system.

The first radical changes were introduced in the electrical engineering degree
course, which included a sharp increase in the scope and quality of the physical and
mathematical training of the students, with the time dedicated to physics almost
twice what it was before. Due to the scarcity of able personnel, the toughest prob-
lem was the teaching of the newly designed four semester course in physics. To
quickly supply the provisional textbooks needed, individual chapters of renown
textbooks (mostly Sears, and Sears & Zemansky’s!”) were put together to match the
general conception of the new syllabus, and printed in book form at a printing work-
shop organized by a group of students. The next big challenge was to create a staff
capable of satisfactorily teaching the matter for all engineering students: headed by
Ramén Ventoso, an electrical engineer with a remarkably mature approach to gen-
eral physics through self study, it included some of the most brilliant senior engi-
neering students and several high school physics teachers. At the beginning, quite a
few encountered great difficulties in mastering the subjects they were supposed to
cover, especially solving the textbook problems (Altshuler 2006, chap. 2). It took a
much longer time for the experimental work in the student laboratories to reach a
satisfactory level.

6.2.1.2 The Reform Movement in the Faculty of Science
The reform movement reached the Faculty of Sciences later than the Faculty of

Engineering (Altshuler 2006, chap. 2). With a view to reforming its teaching sys-
tem, models applied at several western universities were examined, but the shortage

17Francis Weston Sears and Mark W. Zemansky wrote a widely disseminated textbook on physics,
which had innumerable editions and translations: the Spanish translation was reprinted in Cuba in
the 1960s.
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of material resources made it impossible to follow them. As analyzed in Chap. 4,
Sect. 4.8.3, Marcelo Alonso had been exploring the possibility of importing surplus
equipment from American laboratories that had been working on nuclear research
during the war, but to no avail. However, he did manage to introduce physico-
mathematical students to some experimental and thesis work on atomic physics
before the students struggle against the dictatorship in power led to the interruption
of academic activities. He had made several trips abroad before 1959 to attend all
kinds of meetings on nuclear subjects, which made him well acquainted with
American and other colleagues working in this area. At the end of that year, he
applied for a leave of absence to honor a contract he had been offered as scientific
advisor to the Organization of American States in Washington (Boletin 1959, 1960).
This was granted and he traveled to the United States where he finally settled.'® Very
few members of the original staff remained in the country during the early years of
the Revolution. In 1960, Nilo Blanco set up for the Energy department of the
Ministry of Public Works the first laboratory to study non-conventional energies
(solar and eolic) at the old physics building of the University of Havana (A. Cerdeira,
personal communication 1997). This work, which counted on the collaboration of a
group of electrical engineering students, came to a halt when Blanco left the country.

The reform movement attached a very special role to scientific research, as
expressed in the Reform Law: “In today’s Cuban society the university is the link
through which modern science and technology, in its highest expressions, should be
put to the service of the Cuban people” (Consejo Superior de Universidades 1962).
In the section dedicated to the aims of the university, it can be read: “(c) to carry out
scientific research, develop a positive attitude toward research among university
teaching staff and students, and collaborate with scientific institutions and technical
organizations beyond the university system” (p. 1); and further on: “The function of
the scientific research institutions must necessarily be linked to the institutions of
higher education” (p. 10). “Research work should be closely linked to the training
of scientists.” To take this into consideration, as far as teaching and research is con-
cerned, the concept of “department” and not of “chair” should be taken as the foun-
dation of the university structure.

6.2.2 Creation and First Steps of the Physics School
of the University of Havana (1961-1965)

Despite enormous initial difficulties, the most significant and enduring reforms and
innovations in physics were introduced at the University of Havana. In December
1961, the Physics School was created in the Faculty of Sciences of the University of

8Marcelo Alonso, who authored or coauthored several widely used physics textbooks (Alonso
1958), was one of the Cuban physicists best known in the West. In his later years, he visited Cuba
twice. His impressions on Cuban physics can be found in an article he wrote for APS News, which
is reproduced in this volume.
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Havana.' Apart from material resources, the new school lacked an adequate scientific
tradition and professional staff to deal with the new teaching and research tasks.
The retirement (and later passing) of Manuel F. Gran® (after having been appointed
Cuban Ambassador to France), and the emigration of Marcelo Alonso and quite a
few other qualified personnel decimated the staff.?! In the words of the first director
of the Physics School, Rubén Marti:

... the whole of the new Physics School would fit into its director’s wallet, initial conditions
being the worst. There was no laboratory equipment, nor professors, nor well-trained
students, nor appropriate installations and housing (Mart{ and Auchet 1962).

As a result of lack of professional teachers, senior students were appointed as
assistant students and undergraduate instructors to work as laboratory assistants and
to teach students in the lower years of their degree courses. At the time, not even an
established school library existed because it was extremely difficult to get much
needed modern textbooks in English as a result of the heavy economic restrictions
imposed on Cuba by the US government. A bold decision was made by the revolu-
tionary government to prevent the reform process at the universities from stalling: it
was not too long before university students could have at their disposal many
American and other textbooks photocopied by “Ediciones Revolucionarias” which,
given the national emergency conditions, disregarded copyright and distributed
books free of charge to those who needed them, despite their high prices in the
world market. By the end of this period, the library of the Physics School had accu-
mulated some 3,000 volumes (Pérez Rojas et al. 1976). After the promulgation of
the University Reform Law, the first restructuring of the physics degree course was
made, but continuous difficulties prevented the stabilization of the curriculum, and
additional remedial changes had to be introduced in the years that followed.

The first course of the licenciatura in physics began in 1962 with an enrollment of almost
70 students. The diversity of its composition, added to the difficulties faced by the newly
formed school, resulted in the promotion of only two students to the second course. At
the same time there were three students in the third course and four in the fourth, who were
taking specially designed transition plans that took into account what had already been
learnt by the students of the former physico-mathematical degree course. The number of
students who graduated in this three-year period was only about 6 or 7. (Pérez Rojas et al.
1976)

It must be taken into account that students were returning to the classrooms after
having lost contact with formal studies for several years while the universities were
closed. Many of them had been involved in the revolutionary struggle and when
they returned, the political and military events, the intensive work demanded by the

1 See the interview with Hugo Pérez Rojas in this volume.

200n the figure and the role of Manuel Gran before the Revolution, see the chapter by José Altshuler
and Angelo Baracca in this volume.

21 For the history of the Physics School at this early stage, here and in the next paragraphs, see also
the interview with Hugo Pérez Rojas in this volume.
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reorganization of the country and the debate about its future development absorbed
most of the capabilities of quite a few of the best. Various contradictions also cropped
up between a teaching staff that stuck to an essentially academic attitude and the
enthusiasm of the students who most identified with the revolutionary process.
With the scarce resources available, a great effort was made to direct the physics
degree course “toward the modern conceptions of physics, placing research above
(ordinary) teaching” (Marti and Auchet 1962). While the effort made to give the
school a stable structure did not yield the expected result until the end of the
1960s, in the meantime some important preliminary results were obtained. Two
factors were very relevant. Firstly, in 1960, the first Cuban students were awarded
scholarships in the Soviet Union: some of them studied physics at the “Patrice
Lumumba” University for the Friendship of Peoples and at the “M.V. Lomonosov”
Moscow State University.?? Six students expressly sent by the then Minister of
Industry, Ernesto Guevara, to study electronic engineering, managed to follow a
physics degree course instead. In the following period, students were sent each
year first by the hundreds, and later on by the thousands to socialist countries,
most of them to the USSR. A second factor had an immediate positive impact of
considerable importance: the presence of quite a few foreign teachers and special-
ists, partly Soviet, but also from several “western” countries.?® Thus, for instance,

22The Peoples’ Friendship University of Russia is an educational and research institution founded
in 1960 and located in Moscow, which is ranked by the Ministry of Education of Russia as the
country’s third-best university after Moscow State University (see below) and Saint Petersburg
State University. Its stated objective at the time was to help nations of the Third World, mainly in
Asia, Africa and South America, by providing higher education and professional training; many
students from developed countries also attended. The Lomonosov Moscow State University is the
oldest and largest university in Russia. Founded in 1755, it was renamed in 1940 in honor of its
founder, Mikhail Lomonosov (1711-1765), a polymath and writer of Imperial Russia.

23 Some general political background information here will situate and interpret foreign initiatives
and collaborations with Cuba, as well as Cuban development. The Cuban Revolution obviously
attracted worldwide attention and a deep interest in the leftwing milieus (although with contrasting
evaluations, due to the unorthodox origin and development of the Revolution). In France, there was
quite an authoritative group of leftwing scientists in the French Communist Party, who organized
strong coordinated actions, in particular in support of the efforts of the Cuban scientists, especially
physicists, to promote the technical scientific development of the country. Probably the most
influential among the French physicists was Jean-Pierre Vigier (1920-2004). An active supporter
of communism throughout his life, Vigier was a proponent of the stochastic interpretation of
quantum mechanics, after the ideas of de Broglie and David Bohm. Vigier was invited to be
Einstein’s assistant, but because of political controversy concerning the Vietnam War, the US State
Department refused to issue him with a visa). Vigier was probably the driving force behind the
organization of French scientists in the summer schools in Cuba (see Cernogora’s recollections in
this volume). In Italy, too, the interest of scientists toward the Cuban events was strong: the first
case was that of Andrea Levialdi, described in the present chapter. In the summer schools, Italian
physicists organized courses of teaching: among the leading lights were Bruno Preziosi and Bruno
Vitale. Throughout the 1960s and at the beginning of the 1970s, international interest was revived
by the war in Vietnam.
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Amanda Blanco, who had been a Spanish civil war refugee in the USSR since
childhood, arrived at the University of Havana in 1962 to lecture on acoustics
and electronics, and to help organize the respective laboratories. Others, like
FE.D. Kochanov (methodology and philosophical foundations of teaching) and
L.V. Ponomarenko (student laboratory work), acted as experienced advisers on
various teaching activities. Vladimir Grishin, a highly qualified theoretician and
expert in particle accelerators, visited the country a couple of times, staying in
Cuba for 4-5 years altogether. He lectured on quantum mechanics, nuclear phys-
ics and atomic physics, and helped organize the undergraduate laboratory for
atomic and nuclear physics.

Beginning in 1961-1962, several subjects were dealt with in one way or the other
by visiting professors and specialists from various western countries. Some stayed
in Cuba for a relatively brief period (among others, the British professor Trevor W.
Marshall,?* the American theoretician Richard Bourret, the Israeli nuclear physicist
Eleazar Baruch, the French professor Michel Degallier and the Mexican electronic
engineer, Angel Zapata), while others stayed for quite a few years, as was the case
of Claude Monet-Descombey, a French electronic engineer who very thoroughly
contributed to developing a good electronics laboratory (Monet-Descombey 1963).
The American electronic engineer Theodore Veltfort, who had fought against
Fascism in Spain as a member of the Lincoln Brigade, arrived in Cuba in 1962
willing to help develop the country in the field of technology. After contacting the
central planning board and having talks with the then Minister of Industry, Guevara,
and later with the vice-rector of the University of Havana, José Altshuler, an agreement
was reached that he would settle in the Physics School. Together with the Argentinian
physicist Dina Waisman, he lectured until 1968 on solid-state physics and semicon-
ductor devices, while contributing to the organization of a special electronics
workshop, and developing the first research activities aimed at the manufacture
of semiconductor components.?

The Physics School of the University of Havana was initially comprised of three
“official” teaching and research departments: solid-state physics, general physics
and theoretical physics. In addition, an “unofficial” nuclear physics department was
created to take care of the instruments and equipment. In fact, activities in nuclear
physics were at the time among the most important at the Physics School. Among
the few documents available from this period are reports that detail the main focus
areas in scientific research among the academic authorities (Comision de
Investigaciones 1963; Montes 1963).

The professors that were invited from developed countries brought a broader
and more comprehensive vision of the importance of developing and organizing
modern research activities in the field of physics. In 1963, French expert Claude
Monet-Descombey delivered a plan for the electronics laboratory to the director of

2*Marshall would later author the so-called Stochastic Electrodynamic, and would make
relevant contributions also to the problems of the foundations of quantum theory. Some of his
early contributions are Marshall (1963, 1965) and Marshall and Claverie (1980).

2 See Veltfort (1998), reprinted in this volume.
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the Physics School. The director then passed this plan along to the rector. This plan
exemplifies a general, articulated and long-term vision:

[the laboratory] should rather be put in charge of the maintenance and design of experimental
equipment for physics work under the immediate direction of the interested physicists, so
that this personnel could be the nucleus from which a staff dedicated to taking care of the
electronic circuitry required for any type of scientific research, be it in solid-state physics
[transistors] or above all, in nuclear physics if a particle accelerator or something similar are
bought. (Monet-Descombey 1963)

In addition, it was suggested that, in collaboration with the electrical engineering
school of the Faculty of Technology, a technological research laboratory should be
created which

would rather play the role of the nucleus of a technological research group aimed at
solving problems in electronics arising in the country, and as well as at taking care of
the design of equipment intended for industrial manufacture [e.g., radio communication]
(Monet-Descombey 1963).

The proposal also discusses a further development scheme for the initial joint
work of both laboratories. In order to be able to design and build new equipment,
the proposal states:

It would be good for us to have a team in charge of bringing to fruition—however difficult
it may be, for it would require time, lots of bibliographic research, and many preliminary
trials—something that was the result of all concerns, so that it may become a collective work
par excellence, so that it would prompt spontaneous consultation among the staff, favoring
teamwork and eliminating any possible discrepancies, and in the end, obtain equipment, not
only useful but also with a “history.” For this, we think than in a period of no less than two
years, an analog computer with 8 or 12 amplifiers coupled to a register could be procured
to begin with, subject to progressive improvements.

This project may seem too difficult to implement under the present conditions at
this university, but we believe that if the problem is properly considered, it is possible to see
quite clearly that this will have to be done some day if we want to develop in Cuba a
minimum of fundamental or applied research. (Monet-Descombey 1963)

The above project was not implemented as a result of a need to tackle other
urgent priorities. However, it is still important to note the effort made by the Physics
School of the University of Havana to help other institutions and to generally dis-
seminate science and its use, despite the meager resources available at the time.
In the above-mentioned “Memorandum” by the director, several activities dealing
with equipment checks, the set-up of laboratories and the determination of physical
properties of samples were carried out by some of the laboratories of the Physics
School. This was done in cooperation with the Ministry of Public Works, the civil
airport at Ciudad Libertad, the Ministry of Industry and the General Calixto Garcia
hospital. While Minister of Industry, Guevara, asked for help to give Saturday
morning courses on scientific matters to his board of directors.’® A similar sort of
cooperation also existed with other ministries and with the Central Planning Board
(Jiménez Pozo and Sanchez Fernandez 1993).

26 Cf. the interview with Hugo Pérez Rojas in this volume.
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The first students obtained their physics degree by the mid-1960s. Some of them,
such as José Antonio Tabio, Adriana Fornés, Alfredo de la Campa and Blanca
Reyes, were to have long and dedicated careers as professors in the Physics School.
Only at the end of the 1960s did a large enough mass of physics graduates become
available to cover the more pressing needs of the universities and of the country
(Sect. 6.2.1).

6.2.3 Initial Efforts to Promote Scientific Research
in the Physics School

The efforts to launch proper research activities at the Physics School began despite
enormous difficulties and lack of resources. The first results were not achieved
until the following decade.?’” There was an initial attempt to develop a system of
scientific journals to stimulate people to write and publish scientific papers. This
attempt was made because until that point the only existing journal with a similar
purpose was the Revista de la Sociedad Cubana de Ciencias Fisicas y Matemdticas.
This journal was first published in 1942 by professors Pablo Miquel and Manuel
Gran, and edited by Mario O. Gonzdlez from 1944 to 1945.%® Promoted by the
Scientific Research Commission of the University of Havana, the first issue of the
scientific journal, Memorias de la Facultad de Ciencias, was published in 1963.
Its purpose was to publish the results of scientific research produced by the staff
of the various schools belonging to the Faculty of Sciences of the University of
Havana. In the few years that it existed, the journal included special issues dedi-
cated to mathematics, geology and biology, but none to physics due to lack of
suitable material. José Altshuler, who was at the time vice-rector and chair of the
University of Havana’s commission for research, made remarkable progress in
promoting the generalization of scientific and technological research activities at
the university. The department heads were asked to send their reports on the
research work already begun or planned for the near future. The goal was to coor-
dinate and evaluate the totality of the then available research projects, however
incipient or simple (for example, the design and realization of certain electronic
equipment proposed by the Physics School and the electrical engineering school).
Student research groups were promoted to stimulate among their participants, a
preference for research work and to become familiar with its peculiarities. There
was also a call for the presentation of research projects, in spite of the limited
resources available for backing any new ones. To promote familiarity with scien-
tific research among the students, and even a substantial part of the university
staff, the commission published in October 1963 a widely distributed booklet
entitled Scientific Research — an Outlook, containing a collection of brief and

?7See also Vigil’s article in this volume.
B Cf. Altshuler and Baracca’s chapter in this volume.
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easy-to-read essays by prestigious authors on the nature of scientific research
(Comisién de Investigaciones 1963).

As mentioned previously, at the Physics School the work of two foreign profes-
sionals, Dina Waisman and Theodore Veltfort, played an important role in helping
to develop a scientific mentality and to take the first steps forward in semiconductor
research. In order to put Waisman’s experience to good use, namely the application
of a certain technique for growing germanium monocrystals, a radiofrequency oven
was purchased. When Boris Pavlovich Konstantinov, then vice-president of the
USSR Academy of Sciences, visited Havana, he invited both scholars to visit his
institute in Leningrad in order to establish strong collaboration within the field.
Facilitated by the Cuban Academy of Sciences, who had already officially estab-
lished a fluid collaborative relationship with the Soviet Academy, Waisman and
Veltfort arrived in the USSR in 1964 for a 2-month visit that included not only the
Ioffe Institute,” but also other important laboratories in Moscow and Tallinn. In
addition to sending basic materials and equipment required for setting up the semi-
conductor laboratory at the University of Havana, advanced information on semi-
conductor research, scientific literature and didactic material was obtained.
Regrettably, despite these positive results, full collaboration with the Ioffe Institute
was slow to develop due to organizational problems between the University of
Havana and the Cuban Academy of Sciences.*® As a result, the first activities related
to semiconductor research completed in the Physics School had to continue without
support for some time.

These autonomous efforts—both in teaching and in research, as well as in
the relationship between the two activities—Ileft the Cuban physicists with a
lasting impression whose diverse characteristics was to re-emerge in subsequent
moments.

6.2.4 Other Initiatives and New Scientific and Institutions
of Higher Education

In the unrest of developing initiatives, new scientific and higher education institutions
were founded. In addition, new activities and fields were promoted.

»The loffe Physical-Technical Institute of the Russian Academy of Sciences (Ioffe Institute) is one
of Russia’s largest research centers specialized in physics and technology. The institute was
established in 1918 in Petrograd (St. Petersburg) and was run for several decades by Abraham
Fedorovich Ioffe (1880-1960) who was a prominent Russian/Soviet physicist, expert in electromag-
netism, radiology, crystals, high-impact physics, thermoelectricity and photoelectricity.

%The collaboration between the Cuban institutions and the Soviet Academy of Science was
coordinated at a governmental level by the academies. In the beginning, it was difficult for the
Cuban universities to participate in the collaboration with institutes of the Soviet academy, since
the ACC prioritized the participation from the centers pertaining to the ACC itself.
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6.2.4.1 The Cuban Academy of Science

In 1962 the new Cuban Academy of Sciences (ACC) was created with the purpose
of supporting several scientific branches and scientific research in the country.
In 1963 the mathematics department was established, which included a cybernetics
group. Other areas related to physics research dealt with at the academy or other
Cuban institutions are summarized below. It seems important to remark that, unlike
the promotion of activities in the school of physics of the University of Havana,
these initiatives in the academy (though they came somewhat later) were promoted
through Cuban initiatives, and relied heavily on collaboration with the Soviet Union
and other East European countries.

Geophysics

There was strong motivation for the development of geophysics: mine prospecting,
international communications and, to a lesser extent, seismic risk. The Soviets too
were interested in observations made from the geographic position of Cuba. One
has also to recall that the first president of the ACC, Antonio Nufiez Jiménez, was a
geographer. This explains at least in part why, since the early years of the academy,
the development of areas of physics were linked directly with geography. Examples
of this occurred in the departments of geophysics, astronomy, metereology and
atmospheric physics, whose relevance the president certainly understood better.

The department of geophysics of the Cuban Academy of Sciences was inaugurated
in 1964, with a personnel of only 11 non-graduate members and 9 technicians.
This inauguration was preceded by a newly created 5-year degree course in geo-
physical engineering within the Faculty of Technology of the University of Havana
(Universidad de La Habana 1963), which benefited from the very effective coopera-
tion of the Czechoslovakian J. Hladik. An International Geophysical Year National
Committee was established in collaboration with the Academy of Sciences of the
USSR. With the support of these groups, it was possible to set up geomagnetic,
ionospheric and seismologic stations in a relatively short period of time, to which an
ionosphere vertical sounding station was added later (Historial de Geofisica n.d.).
With the help of Soviet specialists, a seismological station was installed in 1965 in
the eastern city of Santiago de Cuba. Thanks to cooperation with Soviet firms and
the application of physics techniques in mining and oil prospecting with nucleonic
instruments, mineral deposits were discovered at Cristales, Majagua, and Cuenca
Central between 1963 and 1965.

Astronomy and Meteorology
In 1964, while astronomical calculations services were increased at the National

Observatory, at that time part of the Cuban Revolutionary Navy, a group dedicated
to astronomy and meteorology was created at the Cuban Academy of Sciences
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(Historial de Geofisica n.d.; Gonzdlez 1985; Ortiz 1987). Data was published for
moonrise and sunrise and moonset and sunset times, and for tidal times in the
Suplemento al Almanaque Ndutico. In collaboration with the Soviet Academy of
Sciences, Cuban technicians were trained to operate the first Cuban station for
visual satellite tracking. The first regular observations began in April 1964 and
transferred to a specialized center in Moscow for further analysis. As a member of
Interkosmos (Intergovernmental Program for the Exploration and Peaceful Use of
Outer Space) Cuba had participated since 1967 in its permanent working group
on space meteorology (Ortiz 1987). In 1965, the astronomy section of the National
Observatory was transferred to the Cuban Academy of Sciences to become its
Astronomy Group (lodged at the National Capitol, which turned into the central site
of the Academy), and the Meteorology Institute (in Casablanca, across the bay of
Havana), so that they became two independent entities. Later in the same year, the
group was upgraded to an astronomy department (Pérez Doval 1991). At the same
time, a very extensive network of meteorological stations was gradually spread
across the country. This was a genuine necessity since, due to lack of government
funding, the collection of nationwide meteorological data had previously rested
almost exclusively on the cooperation of amateur meteorologists and a few institu-
tions who voluntarily sent them to the National Observatory with variable regularity
and questionable reliability. This data was added to the local meteorological
information gathered by the National Observatory in Havana (founded in 1902).
Curiously enough, while all the said data continued to accumulate at the observa-
tory for years, it came as a surprise to discover in the early 1960s that they had
remained essentially unprocessed, not even subjected to the most elementary form
of statistical analysis (which was undertaken for the first time by a few students of
electrical engineering). In the same year, 1965, Laszlo Destre, director of the
Budapest Konkoly Observatory in Hungary, visited Cuba with the purpose of estab-
lishing a collaboration agreement with the academy to study variable stars.

Space Communications

As stated above, after the Revolution, the need arose to urgently provide the country
with an autonomous communication system. This situation encouraged the reorien-
tation and updating of the electrical engineering syllabus, which in turn soon stimu-
lated the reshaping of other engineering syllabuses in 1960 and later on (Sect. 6.2.1.1).
The October 1962 missile crisis made dramatically clear the need for long distance
communication able to operate reliably under “exceptional conditions.” In November
1965, some 6 months after the Soviet Union had put their first communications
satellite, the Molniya-1, into orbit, representatives of the Cuban government partici-
pated in a multinational gathering held in Moscow. They discussed a Soviet pro-
posal to use the assets their country had developed “for the peaceful study and use
of outer space” (Altshuler 1997). It was not too long before an agreement was
reached among the participant socialist countries to implement what was called the
Interkosmos Program (Sect. 6.2.4.1), which included a working group dedicated to
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research on space communications. Cuba became involved between 1966 and 1967,
initially through the Ministry of Communications, and with the strong backing of
Minister Jestis Montané, and Vice-minister, Pedro Luis Torres, an electrical engi-
neer. This was the basis for the establishment of a satellite communication system,
which could be put to good use not only for day-to-day international communica-
tions, but also under “exceptional conditions.” However, it was not implemented
until the early 1970s, after the creation of the Intersputnik organization, of which
Cuba was a member.

Medical Physics

From the early 1960s, a small group of physicists began to work at Havana’s
National Institute of Oncology, mainly on matters relevant to the planning and
dosimetry of radiotherapy treatment.

Metrology

The metric system of units had, since colonial times, been far from consistently
used in Cuba, but its unification and rigorous application became a strict require-
ment for the modern industrial development of the country.?! However, the system-
atic use in the country of SI units, consistent itself with metric units, was enforced
by Law 915, enacted on December 1960, which allowed a 3-year period (which in
1964 had to be extended for another 2 years) for its full application. In 1962,
the Standards and Metrology Directorship was created in the Ministry of Industry,
followed by a Metrology School in 1963, as the first Cuban went to Romania on a
scholarship to study metrology. In February 1965, the first metrology laboratory
was inaugurated. The first measurements were duly verified against standards
received from East Germany and the Soviet Union in 1963. Conspicuously,
these related to the verification of the size of the country’s main fuel tanks
(especially those at the oil refineries) and to the accuracy of the industrial balances
used in sugar factories. In this context, the pioneering work of a physicist and elec-

31 Before 1959, a truly chaotic situation existed in Cuba in what concerns units of measurement.
There was an arbitrary mix of units of Spanish, English and Cuban origin. It was usual to use these
in trade: for units of weight pounds, arrobas and quintals; for units of length in the textile trade
varas (Spanish or Cuban) and yards; for areas and ground measurements caballerias and cordeles,
while the architects used meters and distances were expressed in kilometers. This situation caused
many problems in exports, with the differentiation of markets. For instance, in sugar production/
export, one had to specify if one was dealing with “a ton” (2,000 1b) or “a metric ton” (1,000 kg).
The lack of a suitable means for the country to verify its own instruments of measurement also led
to commercial losses. On the other hand, the Soviet Union and the other socialist countries had
adopted the international system of units, and the rapid development of trade with them created
pressure to do the same in Cuba. It is probable that the creation of the Ministry of Industry under
Ernesto Guevara was key in this matter.
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trical engineer, Angel Alvarez Ponte, must be mentioned, as he was an extremely
knowledgeable and persistent promoter of scientific metrology in Cuba. A national
register of measuring equipment began in 1968. Metrological standardization
made gradual progress in Cuba and eventually reached a remarkable level of
development.

Starting from a primitive situation, the spectrum of initiatives to develop a
modern and articulated scientific system was really broad from the very beginning.
Besides keeping up with the more advanced countries, they were able to cope with
the multiple needs that the development of a modern, industrialized country would
require, not only the foreseeable ones (as in the case of meteorology in a tropical
country), but also unexpected ones.

6.2.4.2 The Faculty of Technology of the University of Havana

The need to prepare engineers and to modernize their careers was also a strict
requirement, as we have already seen from the early attempts at the School of
Electrical Engineering (Sect. 6.2.1.1). Due to lack of space for the expansion of
University of Havana campus, which was located at the very heart of the Cuban
capital, the construction of a new campus began in 1960, originally intended to
become the new site of the entire university. In 1964 Fidel Castro opened the Ciudad
Universitaria “José Antonio Echeverria” (CUJAE). This was to be the new site of
the Faculty of Technology of the University of Havana, which at the time had some
5,000 students. A few years later it would become an independent polytechnic
university—almost as large and important as the two-centuries old University of
Havana—where new generations of engineers and architects would be trained.

6.2.4.3 The University of Oriente

The spirit of renovation and modernization also reached the University of Oriente in
Santiago de Cuba.*? This university, founded in 1948, did not yet have an indepen-
dent physics degree course, and the development of a general physics department
was slower than that at the Physics School of the University of Havana. In 1962, the
dean of the Faculty of Sciences visited several higher education centers in East
Germany and Italy, and signed a collaboration agreement with the Dresden Technical
University (Tratado 1962).% In a report in 1926, José Ferniandez Bertran mentioned
quite a few Italian physicists he had met, who had declared their willingness to visit
the University of Oriente and cooperate with its staff, but these offers did not bear

2More information is given in the following, though this is dealt with in detail by Cabal and
Meéndez Pérez in this volume.

3 The Technische Universitit Dresden is the largest institute of higher education in Dresden, one
of the oldest colleges of technology and oldest universities in Germany. In 1961, it was given its
present name, the Dresden University of Technology.
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fruit (although some of them did visit the University of Havana later on) (Ferndndez
Bertrdn 1962). Still, as a result of these contacts, some Italian specialists actively
collaborated with the University of Oriente, for example, the young Italian nuclear
physicist Piero Basso and the Italian electrical engineer Mario Chirco, who both
had a solid physical and mathematical background and worked at the university for
several years. Additional collaboration arrangements were implemented as a result
of visits paid at the time to Poland, the Soviet Union and Bulgaria by Roberto Soto
del Rey, head of the physics department of the University of Oriente (Soto 2000).

6.3 The Second Half of the 1960s: Stabilization and Take-Off

Early efforts to introduce modern physical content and research activities were to
reach the first stable level of success in the second half of the decade, providing the
basis for further progress.

6.3.1 Stabilization of the ‘Licenciatura’ at the Physics School
of the University of Havana

Around the mid-1960s, the Physics School of the University of Havana endured a
critical period when several of its teachers left the country.** Despite this critical
period, the will to achieve a stable structure was very strong. From 1966 onwards, a
staff reinforcement process began with the inclusion of several new graduates
(Fernando Crespo, Eddy Jiménez, Medel Pérez, Arturo D’Acosta, José Roig,
Mercedes Alonso, Fernando Comas). A decisive factor was the return to the coun-
try, in 1966-1967, of the first Cuban physicists to have graduated from Soviet uni-
versities (Daniel Stolik, Armando Pérez, Juan Fuentes, Elias Entralgo, Antonio
Cerdeira, Magaly Estrada, José Marin). These graduates immediately joined the
Physics School staff thanks to steps taken by its director, Hugo Pérez Rojas, who
was competing with other institutions that were in great need of capable profession-
als. During the next 5 years, other Cuban physicists obtained their degrees in the
USSR (Pedro Diaz, Andrés Martell) and in the US (Elena Vigil Santos), and a part
of the new licenciados came from the Physics School itself (Melquiades de Dios,
Miguel Ramos, Luisa Noa, Joaquin Torres, Luis Herndndez, Luis Falcén, José
Matutes, Mario Brizuela). In 1968, the dean of the Faculty of Sciences, Ruth Daisy
Henriques, became director of the Physics School. Soon after, Heliodoro Medina,
an engineer who had graduated in Czechoslovakia, became the new director, accom-
panied by one deputy director for education (Elias Entralgo) and another for research
(Daniel Stolik). These young men and women introduced a qualitative change, act-
ing as pioneers for today’s Physics School.

3#Cf. the interview with Hugo Pérez Rojas, the second director of the Physics School, in this volume.



6 A Comprehensive Study of the Development of Physics in Cuba from 1959 147

We have already commented on the contradictions concerning the curriculum
and education system that arose between the graduates from the Soviet Union and
the students who had played a key role in the early activities at the Physics School
and who became its first graduates. Despite these differences, both the organization
and the subject matter of physics studies acquired a strong Soviet influence, inspired
by the basic cycle of the Lomonosov Moscow University,*® and its rigorous rules
that were subsequently introduced. Of the ten students to complete the 1966—1967
academic course, four defended their dissertation before a formal board. This
amounted to a first step toward the inclusion of research into the undergraduate
teaching process, which unfortunately could not be consolidated until much
later (Pérez Rojas et al. 1976). The reason was that the incipient research activities
developed at the time were not strong enough to cope with the rapidly increasing
number of physics students, which shot up from about 100 in 1965 to more than
400 in 1970. To this it must be added that many of these students combined
personal study with some form of teaching work, either at the university or some
other education center.

Gradually, the Cuban graduates took on most of the weight of the teaching
activities, while the students helped by taking care of complementary activities
(problem solving classes, laboratory practice, and so on). Finally, in 1970, the first
“mass” graduation of 67 licenciados in physics took place. Twenty of them were
assigned teaching posts at the Physics School, some of whom have continued to
work as highly qualified members of the staff for more than 40 years (Manuel
Hernandez Calvifo, Félix Martinez, Esperanza Purén, Carlos Rodriguez, Carlos
Trallero, Julio Vidal).

As a result, the Physics School staff attained a definitive stability. For the first
time all the fundamental teaching activities could be performed by national gradu-
ates (the assistant student movement continued but now with the purpose of basic
education), making it possible to dedicate an important part of their working time to
research and to the postgraduate training of the young staff. This group also took on
the responsibility of teaching the physics courses included in the course plans of
other degree courses of the Faculty of Sciences. They also supervised the physics
laboratory practice undertaken by the students of agricultural sciences. In addition,
ten licenciados in physics were incorporated into the staff of other university facul-
ties, research centers and institutions, which were able to receive for the first time a
substantial addition of well-trained young physicists.

In 1967, the Physics School moved to the old building of the School of Engineers
and Architects, which had been left by the Technology Faculty when it moved to

3 The schedule of classes was very intense with more than 30 h per week of classes and compulsory
attendance. These schedules were meant for students who did not work and dedicated themselves
exclusively to study (although as part of their education, the students did participate in teaching
activities and other community activities). Several texts and programs of the Soviet universities
were used, mainly from the University of Moscow, in addition to some western textbooks.
The Editora Revolucionaria printed English, Spanish and French translations of Soviet textbooks
or foreign editions in Cuba. The general concept was to give the student a strong physical—
mathematical basis—both theoretical and experimental—before they began any specialization.
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the CUJAE. This provided ample space for improving the school’s workshops and
laboratories. An important investment was made under the management of Magaly
Estrada, as a result of which ten student laboratories had been built and equipped by
the end of 1970. In addition, electronics, mechanics and glass workshops were
developed that substantially increased the local capacity for making the equipment
needed to support teaching and research activities. The first research laboratories
were also set up. This development was accompanied by a significant increase in
the number of qualified workers and technicians attached to the new laboratories
and workshops.

In a general sense, it does seem to be an exaggeration to assert that by 1970
undergraduate studies at the University of Havana’s Physics School had succeeded
in achieving relative stability, comparable to international standards, and in particular
with respect to the more developed Latin American countries. Although it refers to
a somewhat later period,*® Leccabue emphasizes that “the preparation of Cuban
graduates or PhD students and young researchers was of a very high level with high
degrees of autonomy and critical skills being developed for designing and carrying
out research projects.”?’

Although there was still much to be done, the school could count on an enrollment
of some 400 students, a syllabus compatible with the most advanced international
standards, a material base of excellent textbooks and adequate undergraduate
laboratories. Added to these features was a staff consisting of more than 50 gradu-
ates, who, although still very young and inexperienced, were well trained for under-
graduate teaching purposes, and enthusiastically prepared themselves to tackle the
new challenges represented by serious research work and postgraduate studies.

6.3.2 The Take-Off of Solid State Physics Research
at the Physics School of the University of Havana

6.3.2.1 The Wide Debate on the Choice of the Research Field

Let us now tackle a very relevant and very peculiar process that involved and
animated the whole of the Cuban scientific, political and intellectual circles—not to
mention foreign advisers—about the future of the development of physics.
Throughout the 1960s, an extended debate in which professors and students partici-
pated took place on the choice of the most suitable research lines to follow. Widely
differing ideas were brought into the discussion. Some preferred to leave the choice
to individual researchers. Still, the development of the country called for solutions
to a variety of specific problems. Thus, it was reasonable to concentrate the coun-
try’s limited resources on strongly related research areas in order to help provide

3 Cuban students had been integrated into high-level studies in physics at the University of Parma
since the very end of the 1960s (Sect. 6.3.3).

¥7See the contribution by Leccabue to this volume.



6 A Comprehensive Study of the Development of Physics in Cuba from 1959 149

these solutions. Although at the time there were no precise governmental guidelines
on the subject, the university authorities and the country’s leaders promoted,
demanded and in fact personally participated in the search. As we have already
remarked, from his position at the Ministry of Industry, Ernesto Guevara had made
it clear that solid-state electronics was destined to play an increasingly important
role in technology and industry, and that in such an area Cuba could make original
contributions within the framework of the socialist camp. On the other hand, the
long-term solution of the country’s energy problems was seen a