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PREFACE

Readers of my previous publications will not be surprised that in this
volume | continue to apply the approach developed in earlier studies to
the questions of how modern science is done, and what its influences
are on our world. These two inquiries are directly connected with some
of the current controversies in such fields as history of science, philoso-
phy of science, sociology of science, cultural history, science policy, and
education.

In order to base the discussion on the foundation provided by a
detailed case study, I continue, in the new Introduction to this edition
and in the first six chapters (Part .), to set forth the results of my
researches on the work of Albert Einstein as well as on the influences—
in both senses: those upon it during the nascent phase, and those
flowing from it after publication. The next part (Chapters 7 through
provides an investigation of other styles of research in the advancement
of science, contrasting with the approach dominating Part .. And the
last set of chapters (Part Ill) deals more directly with the often unfore-
seen consequences of the progress of contemporary science, with its
fruits as well as its burdens.

On the way through these chapters one could choose to neglect the
development of a point of view in favor of focusing on some of the
separate questions that become prominent in individual chapters: By
what mechanisms is progress in science achieved despite the enormous
diversity of individual, often conflicting, efforts? What is the modern
scientists' belief system, and do they still need a guiding philosophy of
science, whether held consciously or not? What are the uses and dan-
gers of metaphor in scientific research? In education? Is there a se-
quence of steps by which high-level theories are constructed? What
was Einstein's overall scientific program? How did his work shape the
culture of science and the imagination of twentieth-century artists and
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writers? What Limits may society validiy place on the work of re-
searchers? Has a new relationship developed between "pure” research
and mission-directed devetopment, one that aiiows science to serve
better both the pursuit of truth and the nationai interest?

It is, however, possible to approach the book more holistically, for a
main preoccupation underlying all chapters is what one can mean by
"understanding” the development of modern science. To this, the his-
torian of science cannot expect one single, simple answer, but must
proceed in different directions to partial or complementary answers,
only the totality of which can have a claim to credibility.

To those in the maturer and exact sciences, such a process may at
first not seem congenial. These researchers are used to understanding
the current state of their science (rather than its historical development)
in another way—in terms of the integrated picture of the physical
world obtaining at the moment. To use an analogy: They can imagine
themselves as having gained the Olympian height from which they
might, in principle, perceive at a glance the whole varied landscape
below. From such a unified conception one can hope to deduce, and
therefore "understand,” every detail of every phenomenon in the given
science. And though the sciences are still a long way from attaining
such a goal, the existence of a few scientists with remarkably synoptic
understanding gives courage to the rest.

Moreover, the problems encountered in a science usually turn out to
have one right answer. Most scientific problems are understood in
about the same way everywhere on earth, with different schools of
thought in the natural sciences existing relatively rarely and briefly.
Third, most experts in a given held share more or less the same episte-
mology and ideology. And last, the raw material, the data base for any
problem in a natural science, is usually relatively certain, because it can
be reproduced at will in any suitably equipped laboratory.

But all of this of course does not apply to the study of the history of
a science. The very contrary is the case. The history of science has
indeed become a vigorous and rapidly rising professional discipline,
but unlike the natural sciences, it does not have a well-developed the-
ory. In this respect it seems to me still in a pre-Newtonian stage. At-
tempts to impose an overarching theory of historical development are
premature and misguided.

Yet in my view this state of affairs does not constitute the slightest
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handicap for understanding the history of science in a profound way.
Two aspects of "understanding” are perfectiy within our present capa-
bilities: (i) to understand thoroughly many of the individual main
events in history of a science (events, not speculative syntheses and
other constructs) and (2) to see connections between many of these
events. An analogy may again help: One can have a comfortable and
operational understanding of the geography of one's city if one is fa-
miliar with many of the chief intersections and quite a few of the
connecting roads between them, without having been in every street or
having seen the initial master plan.

By "event" | mean the development, appearance, or publication of a
scientific paper, or an influential scientific address, or a specific discov-
ery, or a letter, or a photograph made during the use of laboratory
equipment, or a page of a laboratory notebook, and so forth. Each of
these has a physical residue that can be studied and that lends itself to
the eventual formation of a consensus among competent observers
who come to a historic case from different directions. It is in this sense
analogous to what an elementary particle physicist calls an event, for
example, a trace of tracks in a spark chamber. The task of historians of
science, then, is to use these events as the underlying factual base and
to proceed inductively from that base.

In my view an understanding of an event, and ultimately of the
connection between events, follows from the proper description of the
event, and this description consists in principle of providing an ac-
count of each of the main components that generally produce an event.
These components are in brief the following: the state of "public,”
shared scientific knowledge within the subject at the time of the chosen
event; the trajectory of the state of public, shared scientific knowledge
leading up to the time chosen; the state of the "private™ scientific
knowledge of the particular scientists at the time of the chosen event;
the trajectory of the scientific activity of the person under study, up to
the chosen time; the prior development of the particular scientist in
terms of his or her psychological formation; the sociological setting
at the time chosen (e.g., the effect of the educational system on the
preparation of the scientist); cultural, ideological, or political elements
that may have shaped the thinking of the scientist; the epistemologi-
cal assumptions and the logical structure of the document under
study; and, last but not least, and in my own studies most important,
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the thematic presuppositions that guided the work of the scientist as
weli as his or her followers and opponents.

The exhaustive description of a particular event, one that includes
all of these nine components, is neither likely nor necessary. But it is a
worthy ideal, as the goal in the eventual accumulation of insight into a
particular case. In the meantime, the program proves its worth by
helping to make better sense of what otherwise would be a chaotic or
arbitrary collection of personalities, documents, and controversies and
by guiding our search for coherent patterns characterizing the develop-
ment of science and its reciprocal interactions with the rest of our
culture.

A brief comment seems in order with respect to the last chapter,
entitled "The advancement of science, and its burdens: the Jefferson
Lecture.” It was given as the tenth of these annual lectures, at the
invitation of the National Endowment for the Humanities, which is re-
sponsible to Congress for the selection of the lecturers. The announced
conditions of the award require that the lecture be of some prag-
matic use, for the speaker is to bring to bear his experience “upon
aspects of contemporary culture, and matters of broad public con-
cern." At the same time, the chosen scholar is also burdened with the
announcement by the NEH that the award "is the highest honor the
federal government confers for distinguished intellectual achievement
in the humanities.” To this double-barreled challenge is added the
setting. The lecture is given in the first instance in Washington, D.C.,
before an audience of about fourteen hundred, with the invitation list
apparently containing policymakers, from Supreme Court justices
down to congressional staffers, as well as administrators and a contin-
gent of scholars.

I cannot hide the fact that, despite all the problems inherent in the
task of engaging such a diversified audience under these presupposi-
tions, | felt grateful for the opportunity of speaking at that very time,
namely a few months after the inauguration of President Reagan's
administration—a time when, with hardly any audible debate, federal
support for most major cultural, scientific, and educational programs,
built up by all the nation's previous administrations, was being threat-
ened with decimation. My concern over that new policy could of
course form only a small part of my explicit presentation; but it was a
pleasant reward to find indications later that the lecture had been
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found of some use even in that world beyond Miiton's grove of aca-
deme.

I am happy to acknowledge support from the National Endowment for
the Humanities, the National Science Foundation, and the Guggen-
heim Foundation for research on which much of the work yielding
these chapters is based. Such support does not, of course, imply that
any of these agencies agrees with my conclusions.

I also wish to express my indebtedness to the estate of Albert Ein-
stein for permission to cite from the writings of Einstein. | benefited
from discussions on several of the chapters with colleagues too numer-
ous to identify separately. Ms. Kristin Peterson provided editorial help
with patience and discernment in the gestation of the chapters of the
book. My special thanks go again to my assistant, Ms. Joan Laws, for
seeing these essays through all the stages, from tentative drafts to final
publication.






Einstein and the cultura!
roots of modern science

The fruits of scientific research are nourished by many roots, inctuding
the work of other scientists. Significantly, Albert Einstein himself char-
acterized his work as the "Maxwellian Program."* But often the imagi-
nation of scientists also draws on a quite different, “extrascientific"
source. Indeed, in his own intellectual autobiography, Einstein asserted
that reading David Hume and Ernst Mach had crucially aided in his

early discoveries.
Such hints point to one path that historical scholarship on Einstein,
to this day, has hardly explored—tracing the main roots that

may have helped shape his scientific ideas in the first place, for exam-
ple, the literary or philosophic aspect of the cultural milieu in which he
and many of his fellow scientists grew up.” To put the question more
generally, as Erwin Schrodinger did in 1932, to what extent is the
pursuit of science wA\VzsMsIZTigt, where the word hedzwgt can have the
strict connective sense of "dependent on," the more gentle and useful
meaning of "being conditioned by," or, as | prefer, "to be in reso-
nance with" ?In this Introduction I will explore how the cultural milieu
in which Einstein found himself resonated with and conditioned his
science.

There are major studies of such milieu resonances for earlier scien-
tists: for example, the effect of the neo-Platonic philosophy on the
imagination of seventeenth-century figures such as Kepler and Galileo;
the theological interests that affected Newton's work; the adherence
to AkttMrpfuMosopfhe that supported the discoveries of Oersted, J. R
Mayer, and Ampere; or the connection between the religious beliefs of
the Puritan period and the science of the day, described in the apt meta-
phor that concludes Robert K Merton's famous 1938 monograph,

Xiii
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"The dvItMM so? of seventeenth century England was peculiarly fertile
for the growth and spread of science.

But there have thus far been few attempts to take up the influence
of the cultural milieu on the scientific advances of twentieth-century
physical scientists. The best known may be that of Paul Forman, who
more than two decades ago tried to interpret some scientists' presenta-
tions of quantum mechanics chiefly as their response to the sociopoliti-
cal malaise in the Weimar Republic®™—although that work has been
vigorously disputed by John Hendry, Stephen Brush, and P. Kraft and P
Kroes/" An example of a different sort is in an area in which Max
Jammer and | have published, namely, the study of the extent to which
Niels Bohr's introduction of the complementarity principle into phys-
ics was influenced by his delight in Soren Kierkegaard's philosophical
writings, by his courses taken under the philosopher Harald Hoffding,
and also, as he claimed, by his reading of William James.?

But so far there have been few such investigations into wider, intel-
lectual-cultural influences. 1 have long thought (and taught) that the
full understanding of any particular scientific advance requires atten-
tion to both content and context, employing the whole orchestra of in-
struments, so to speak, playing out the many interacting components,
without which there cannot be a full description or understanding of a
case. But this is rarely done, although this is the middle ground be-
tween the extremes of internalistic study of the text alone, on one end,
and current excesses of constructivist externalism on the other. More-
over, in tracing the contributions of twentieth-century physical scien-
tists themselves, the bridge from the bunMu/shc aspects of culture to
the scientific ones—which carried much traffic in the past—has nar-
rowed and become fragile. This is a deplorable loss, and one that
deserves our attention.

The specific case of Einstein demands such attention for at least two
reasons: it may serve as an example for studying other major twenti-
eth-century scientists whose work has been nourished by subterranean
connections to elements of the humanistic tradition; and it will help us
resolve an intriguing paradox that has plagued scholars concerned
with the source and originality of Einstein's creativity.

A persowu/ /nter/Mde

Although it is fashionable for scholars to hide assiduously the private
motivations and circumstances that initiated a specific research pro-



gram, in these introductory pages it will be useful to sketch the per-
sona! trajectory that caused me to become aware of the puzzling, para-
doxical aspects of Einstein's early work.

I can hx the moment at which 1was first drawn into this held of
research. When the news ofEinstein's death on April 18,19$$, reached
our physics department, my colleagues proposed a local commemora-
tion of Einstein's life and work. Although my own research was chiefly
in experimental high-pressure physics, | had also begun to write on
topics in the history of science, and so my assignment was to present
how Einstein's work had been analyzed by modern historians of sci-
ence. Little did I know that this suggestion would start me on a search
that would change profoundly my life as a scholar.

I discovered to my dismay that modern historians had not studied
seriously Einstein's saenh/zc; contributions—their roots, their structure,
their development, or their wider influence. This was in striking con-
trast to the volume and distinction of scholarship on the work of
scientists of earlier periods, by such giants of the held as Ludwig Fleck,
Alexander Koyre, Robert K. Merton, Helene Metzger, Joseph Need-
ham, Otto Neugebauer, Marjorie Nicolson, George Sarton, and oth-
ers—not to speak of their predecessors, such as Pierre Duhem and
Ernst Mach. | seemed to be in virgin territory. Even among the many
Einstein biographies, there were few serious sources.s

In truth, at the time of Einstein's death he was still deeply respected,
but chiefly by way of ancestral piety, and for his courageous political
opposition at the time to McCarthyism, the arms race, and the Cold
War. Scientists generally regarded him as having become an obstinate
seeker who had wasted his last decades pursuing in vain a unified held
theory; as he told a friend, "At Princeton they regard me as the village
idiot." Even his general relativity theory began to be widely taught
again only after his death. In his last years he had become a ghostly
hgure—a long way from the image of the vigorous young man, ready
for a brilliant career (Figure 1).

Today this perception has vastly changed. To be sure, many bubbles
are bursting from the deluge of trendy journalism, whose motto in
writing on major hgures is well summarized in a recent essay on Her-
man Melville that carried the headline "Forget the Whale—the Big
Question Is: Did He Beat His Wife?" But among the people at large
Einstein's image is perhaps more ubiquitous than ever; and from pro-
fessional science historians, there is now an increasing flood of good
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Figure i: Albert Einstein at age nineteen. (By permission of the Einstein
Archive, Hebrew University, Jerusalem)

scholarship on Einstein, especially since a team of researchers at Bos-
ton University has begun to publish the volumes of Einstein's Collected
Atpers, with their valuable editorial comments providing further stim-
uli for research.

None of this could have been foreseen in i €5$. In retrospect, | regret
not having the wit, as. was drawn into this held, to quote Marie Curie.
When asked why she took up the study of radioactivity, she is said to
have replied, "Because there was no bibliography.” But as the histo-
rian Tetsu Hiroshige later commented, somebody had to take a "first
step™ in research on Einstein; eventually, such an initiative would help
launch an industry analogous to the long-established ones on Newton
or Darwin. i°

That first step came in the form of a trip . made to the Institute for
Advanced Study in Princeton to look for documents on which to base
some original remarks at the memorial meeting. The key to access was
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Helen Dukas, not only a trustee of Einstein's estate, but a woman who
had served as his secretary beginning in 1928 and later as general
marshall in his household. Knowledgeable about much of his life and
work, she was the untiring translator of his drafts into English and, as
it turned out, endowed with an encyclopedic memory of the details of
Einstein's vast correspondence.

Elsewhere | have described something of my first encounter with
Helen Dukas." In the bowels of Fuld Hall at the Institute was a large
vault, similar to those in banks. The heavy door was partly open, and
inside, illuminated dimly by a lamp on her desk, was Dukas, still
handling correspondence, among twenty or so hie drawers that turned
out to contain Einstein's scientific correspondence and manuscripts.

Once | had calmed her inborn suspicion about strangers and was
allowed access to the hies, | found myself in a state of indescribable
exhilaration, in a fantastic treasure house—the kind of which most
historians dream. Those documents, almost all unpublished, were ar-
ranged in a chaotic state through which only Miss Dukas knew her
way with ease; they seemed to breathe the life of the great scientist and
his correspondents from all points of the compass, a rich mixture of
science and philosophical speculation, of humor and dead-serious cal-
culations.

Eventually, during two stays at the Institute, | induced Miss Dukas
to help reorganize the papers into an archive suitable for scholarly
research, to have a cutw/ogMs rmsonVg made, and by and by to add to
the files at the Institute what she called "the more personal correspon-
dence,"” which she had kept at Einstein's Mercer Street home. The
whole lot, now numbering about 45,000 documents, has since been
transferred in accordance with Einstein's will to the library at Hebrew
University in Jerusalem. Represented in that collection are most major
physicists in Europe and abroad of that era, as well as authors, artists,
statesmen, and the wretched of the earth, seeking help. The collection
is indeed a microscope on half a century of history.

The correspondence is amazingly diverse. Take, for example, the
letters exchanged during just one of Einstein's immensely busy and
creative periods (1914-1918); they indicate a wide spectrum of inter-
ests among the correspondents—mostly scientists—even if gauged just
by the references made to the works of major scientific, literary, and
philosophical figures, including Ampere, Ludwig Boltzmann, Hegel,
Hermann von Helmholtz, Hertz, Hume, Kant, Kirchhoff, Mach, Poin-
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care, and Spinoza. And one word repeatedly appears in the corres-
pondence— only faintly translatable as "worldpicture” or
"worldview." Initially 1 did not realize how important this concept,
and these authors, would become in understanding Einstein's whole
research program.

But to return to my mission at the time. How to proceed? In that
mountain of papers at Princeton, the question of which problem |
would use to start on a historical, study was almost irrelevant; wherever
one looked, there were exciting possibilities. For example, what role
did experiments play in the genesis of the special relativity theory? Like
virtually everyone else, | had thought that the Michelson-Morley ex-
periment of 1886 was the dMOM influence that led Einstein to the
relativity theory. (Indeed, 1 had just recently published a textbook on
physics that had said so.) | had read that opinion everywhere: Robert
Millikan, for example, after describing the Michelson-Morley experi-
ment, simply concluded with the sentence, "Thus was born the special
theory of relativity."”

But as samples of Einstein's correspondence soon hinted, it was not
so simple. One such warning occurs in his letter of February 9, 1934,
to F. G. Davenport: "One can therefore understand why in my personal
struggle Michelson's experiment played no role or at least no decisive
role.” Indeed, | later found that Einstein had repeated his stance over
and over again.” In developing the relativity theory, he had typically
gone his own way, relying on well-established, much older findings—
experiments by Faraday, Bradley, and Fizeau—saying, "They were
enough - . The haunting question suggested itself: What helped young
Einstein make the leap when other, more established physicists could
have done it so much earlier?

These hasty first glimpses of the products of a creative mind seemed to
me at first puzzling, incoherent, and contradictory. They also rein-
forced the paradox that Einstein, who proudly rebelled against main-
stream conventions in science as well as the social and political norms
of his time, was also deeply devoted to existing cultural canons. Was
this dichotomy a hindrance, or could it possibly be a clue to under-
standing Einstein's uniqueness in a new way?

Einstein's rebelliousness took the form of disobedience or insubordi-



trojM c 12072

nation to authority, a tendency to be obstinately nonconformist, dissi-
dent, defiant, and, in a phrase he applied to himself, "stubborn as a
mule." That image of Einstein is embedded both in the public percep-
tion and throughout the literature. For example, an Einstein biography
written jointly by the mathematician Banesh Hoffmann (who once
worked with Einstein) and Helen Dukas is entitled A/hgrt BwstHVI-
Creator Rebel.™ Lewis Feuer, in his 1974 book Eastern the
GeVEMioMVs presented an Einstein whose attitude in life and
science was shaped by the countercultural milieu of the young revolu-
tionaries who lived in Zurich and Bern around the turn of the cen-
tury.™ Even the New Vorb Tiwes seemed to view Einstein's general
relativity theory as a grave social threat. On November 16, 1919,
under the title "Jazz in the Scientific World," the newspaper reported at
length that Charles Poor, a professor of celestial mechanics at Colum:-
bia University, thought Einstein's success showed that the spirit of un-
rest of that period had "invaded science,” and the Titles added its own
warning: "When is space curved? When do parallel lines meet? When
is a circle not a circle? When are the three angles of a triangle not equal
to two right angles? Why, when Bolshevism enters the world of science,
of course."i?

But concentrating only on Einstein's rebelliousness overlooks an en-
tirely different aspect of his persona, namely, Einstein as a
tMdzhowe/ME, even within the limits set by his innate skepticism. If it
can be proven that these opposites are combined in Einstein (as | shall
show), his type of rebellion would be far from that of our twentieth-
century rebels in art, poetry, politics, academe, or folklore—rebels who
typically reject the social-political conventions of the bourgeoisie along
with its cultural canon. Moreover, we shall see how Einstein's assertion
of obstinate nonconformity enabled him ruthlessly to clear away ob-
stacles impeding his great scientific advance, even though the program
of that advance itself ran along one of the oldest traditionalist lines.
Skepticism, while necessary, was not enough to build the Temple of
Isis, to use the metaphor that had long been current among German
scientists.®

A. oQVS... ...t0te % .. ology

In order to understand "the cultural roots of Einstein's science"—espe-
cially today, when various definitions of “culture™ are violently bat-
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ding for primacy among anthropologists—it is necessary to review
some key concepts operative in the German context at the time of
young Einstein's formation. The main concepts that are relevant here
are Xa/tMt and its companions, ZifiBsaBow and BddaMyg, as well as the
two composite notions of XaBartrager and BBIMVisBBoafMI™?..

The German ianguage distinguished more sharply between Xa/fvk
and ZBaBsaBoM than did the English or French languages between
their equivalents.” Although both Xa/tMr and ZBa'BsaBoM were gener-
ally understood in German-speaking Europe as supraindividual, collec-
tive phenomena, typically ZitaBsaBoM focused on the material and
technological aspects of society, while Xa/tMr—as first adapted in the
German context by Johann Gottfried Herder—referred to the spiritual
and value-related aspects. In extreme cases, ZBaBsaBoMwas identified
with superficial "French reason," Xa/tar with deep "German soul."2®

At the level of the individual, the term Bddaag (loosely translated as
"intellectual formation," "self-refinement,” or "education™) referred
to the process through which a person could acquire the attitudes and
products of XaBar. In turn, the nation's XaBar as a whole was sus-
tained—and advanced at its upper, creative level—by such geBddete
individuals. BBJawg thus meant much more than job-related training;
it defined an ideal of human development. And a chief tool for the
young to acquire BBJaag at its best, albeit for only a small fraction of
the population, was by beginning their study in the Gyiwi"siMw, the
neo-humanistic secondary school for ages ten to eighteen or so. The
students were expected to be thoroughly acquainted with the great
German poets and thinkers (the DicBter aad Deader) as well as with
classics from other cultures, especially of antiquity.

Happily, the team preparing Einstein's Collected Azpers has found
the curricula at Einstein's Munich schools as well as at his high school
in Aarau. A quick scan of a few of the mandatory parts of the canon
gives a good impression of how the young minds of Einstein and his
cohorts were meant to be shaped. Initially there are readings from the
Bible; then Latin enters at age ten, and Greek at age thirteen; Caesar's
Ga/Bc Wars and Ovid's MetaatorpBoses are read; then, under the su-
pervision of Einstein's only beloved teacher, Ferdinand Ruess, he is
introduced to poems by Uhland, Friedrich Schiller, Goethe, and others;
Goethe's prose poem "Hermann and Dorothea" is studied along with
Xenophone's "Anabasis"; and the next year, more Schiller, Herder,



Cicero, and Virgii. At Aarau, Einstein encountered more of the classics
in German, French, and Italian; a typical entry for his course in Ger-
man in 1896 reads: "History of literature from Lessing to the death of
Goethe. Read Gotz von Berlichingen.” The list ends with Iphigenia and
Torquato Tasso.

Such knowledge was intended to contribute to forging a common
bond between the geMJefe individuals raised on similar GywTMsmm
curricula throughout German-speaking countries, regardless of the
particular professional disciplines they were later to study at the uni-
versities, whether law, medicine, the humanities, or science—a prepa-
ration for the common understanding of that class, in their conversa-
tions, letters, and popular lectures, across specialties and even in their
personal relations.

But while the GymwsiMm placed heavy emphasis on Latin and
Greek and other aspects of "pure™ Bi/dViV, it had little concern for the
kind of practical knowledge offered in other types of German secon-
dary schools without such attention to classical languages, for in-
stance, the so-called RcaAcbMicw (where Einstein's father, Hermann,
and uncle Jakob, headed for electrical engineering, had received their
secondary education). Needless to say, those other schools were con-
sidered to be culturally less valuable; their graduates were generally not
considered for university training and hence unlikely to achieve the
Status of KIMIMItKZK

Here it is crucial to understand a subtlety in the German concept
XMItMtngeK The term had a double meaning: both carrier and pillar
of XMitMK On the one hand, gcMJete individuals—chiefly the gradu-
ates of GywfivisIMw who had gone on to the universities—were seen as
carrying or even embodying kM/n, living among its products, and, in
the case of the most outstanding individuals, advancing the KMfiVK On
the other hand, as a group they also functioned as the chief supporters
(Tmge?; pillars) of the nation's collective project of KVItVK Although
the term kIWtMrtmger itself became popular only after World War 1, it
was a key concept earlier, as the following episode illustrates. In 1910,
a hill in Prussia proposed changing the three-tiered electoral law to
favor AMitMrtmger; they would be put into a smaller pool of voters
"above the class for which their wealth would qualify them,"” so that
their votes would count moreT

At the level of social stratification, most of the XMtMrtmger could



be identified as belonging to what has been calied the BIMVitgsBIMIger-
tMw (the educated members of the bourgeoisie). The socioiogist Kari
Mannheim usefully distinguished two components in the modern
bourgeoisie: "on the one hand the owners of capitai, on the other those
whose only capital consisted in their education."” In nineteenth-cen-
tury Germany, the latter formed the BaMMVishMigartMy; their social
ranks were symbolized by the certificates they had attained during the
process of BBIMag and often also by a position within the hierarchies
of the civil service. B&MVIsBVIger worked predominantly in profes-
sions that required university training, as physicians, lawyers, and
clergy, as well as teachers and professors and other, higher officials in
government service.

Variants of the BMMitgsBVigartViM existed in many countries, but its
social clout was particularly strong in nineteenth-century Germany. In
the context of Germany's relatively backward economy at the time, the
importance of serving in the governments of the multitude of German
territories large or small favored the prominence of the BifjMVishM-
gertMw over the economic bourgeoisie. Also, in the absence of a na-
tion-state and a centralized economy, German nationalism focused on
XMtV as the basis of the nation. What held the conception of Ger-
many together was perhaps chiefly the cultural and scholarly output of
its poets and dramatists, thinkers, composers, and, eventually, its scien-
tists. One thinks here of Goethe and Schiller, Friedrich Gottlieb Klop-
stock, Gotthold Ephraim Lessing, Herder, Friedrich Holderlin and Jo-
hann Joachim Winckelmann (the prophets of Hellenism), Friedrich
Schleiermacher, Friedrich Schelling, Friedrich Schlegel, Immanuel
Kant, Schopenhauer, and Nietzsche, as well as Bach, Haydn, Mozart,
Schubert, and Beethoven.

Thus, the academic elite among the MBturtrug” had fundamentally
a twofold mission. One was to help secure, through their scholarship,
the foundation of German nationhood—although, for most of them,
this also involved keeping their distance from political life—and so
they tended to be looked up to by those who did not, at least not yet,
qualify for that rank. The other mission was chiefly to help prepare a
cadre of geMJete individuals, high-level functionaries who were, to
adapt Fritz Ringer's terminology, "Mandarins."”

It is ironic that whenever Einstein, after becoming world famous,
traveled abroad to lecture, an official from the local German embassy
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or consulate would secretly report to the Foreign Office in Berlin on
how Einstein had comported himself and how he had been received. A
typical account, now available, would state that Einstein had done
well, and Germany would be wise to use him to conduct what one
report calls A In short, he might yet be put to use
as a Mandarin.

As Mannheim noted, there existed among the KM/itMtrager them-
selves a small group of "free-floating” intellectuals
who led marginal existences, lacked a well-defined anchor in society,
and had rather critical and even rebellious inclinations. They could not
or would not share the staid material comforts of the
and disliked the whole business of "climbing up to the next rung of
social existence."” With that clarification, we can connect these con-
cepts with the status and hopes of the Einstein family, asking what
young Einstein's place was within the cultural-social order of the time.

The Einsteins could trace their origins in southern Germany to the
seventeenth century.® On the paternal side of the family, they had
mostly come from the small town of Buchau, in Swabia, which in
mid-century had some two thousand inhabitants, of whom a few hun-
dred were Jews. On the maternal side, the origins were chiefly in the
similarly small Swabian town of Jebenhausen. Einstein's maternal
grandfather, Julius Koch, left Jebenhausen for Cannstadt near Stuttgart
and became quite wealthy through the grain trade. Einstein's mother,
Pauline, thus belonged to the bourgeoisie chiefly by virtue of capital.
His father Hermann's preparation in technical school and technical
trade—like that of his brother and business partner, the engineer
Jakob—also did not quite qualify them as BddMagshMrger, and cer-
tainly not as KMtMtrdger, though one may doubt that Hermann ever
gave any thought to that. But at last the family tree had sprouted, in the
form of Albert, a promise to grow into that higher social region—if
only the bright lad would behave as he should!

We can now reformulate the paradoxical tension of Einstein's ten-
dency toward social-political rebelliousness and his adherence to the
products of KMtIVK Was he just one of those rootless, rebellious intel-
lectuals, reneging on his mission as a KMtMinfge?; or did his sympa-
thies lie with the true carriers and pillars of national culture? To make
the question more graphic, imagine a scene in which Einstein first
stands accused of being a free-floating intellectual intent on undermin-
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ing authority, and then is defended from that charge. The testimonials
offered by either side wiii aid in understanding better the motivations
behind Einstein's behavior—and his science.

C~fowo/ogy o.. Qviovs rche/hon

A prosecuting attorney wouid find it easy to establish, by chronology
as well as by psychosociological profile, a portrait of Einstein as a
rebellious individual throughout his life. I have no competence for
searching for the possible causes of his rebelliousness, but as to the
documentable facts, many details are well known, and the pattern they
form is persuasive. Einstein made his obstinacy known almost from
birth, refusing to speak until about age two and a half, or, as Erik
Erikson remarked, until he could begin to speak sensibly in whole
sentences. When Albert reached school age, his penchant for defiance
took a different form. In her memoir, his sister Maja reported that in
opposition to his thoroughly secular home environment, young Albert
decided to become a religious Jew and accordingly "obeyed in ail
particulars the religious commands,” including the dietary ones.s But
after he had advanced to Munich's Luitpold Gymnasium and encoun-
tered the state-prescribed, compulsory courses on Jewish religion there,
Albert's interest in Judaism came to an abrupt end. His reading in
scientific books led him, as he put it in his autobiography, to the im-
pression that through organized religious education "youth is inten-
tionally being deceived by the state through lies." He now turned to a
"positively fanatic [orgy of] free thinking," having formed a "suspicion
against every kind of authority"; he found solace in what he later
called his "holy little book of Geometry," which was given to him as a
ﬁ(esent for self-study—a first hint of where his destiny would lead
im..

But as one would expect, he found school life too regimented for his
taste, and he dropped out of the GywMestMw at Afteen and a half,
surely much to the relief of some of his teachers. About a year later he
renounced his citizenship as well. When he moved for his Anal year of
high school to Aarau, Switzerland, he arrived as a thoroughly alienated
youth, having left his school, his country, and his family; he even failed
in his Arst attempt to enroll at the Swiss Polytechnic Institute. Once
Albert did get into the Polytechnic he continued his "in your face"
rebelliousness, to the point that when speaking to his main professor,
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Heinrich Friedrich Weber—on whom his career might weH depend—he
refused to use the obiigatory tide and obstinately called him just "Herr
Weber." In turn, Weber did nothing to help him in his job search later.

Einstein's lifestyle at the time was distinctly bohemian.. ° He lived on
the margins of bourgeois society economically, socially, and (by the
standards of the day and place) morally; he lived with his fellow stu-
dent Mileva Marie, who bore their first child before they were married
in 1903. To be sure, they passionately loved each other, and as their
letters show, they were of one mind in railing against the "philistine™
lifestyle and conventions they saw all around them.

Even in Einstein's great paper of 1903 on relativity, one can find
many touches of that self-confident defiance and seeming arrogance,
with respect not only to accepted ideas in science, but also to accepted
style and practice. Thus the paper contained none of the expected
footnote references or credits, only a mention of his friend Michele
Besso, a person who of course would be unknown among research
physicists.

Einstein, who often characterized himself as a gypsy, at first found
only temporary teaching jobs, and those tended to end abruptly and
noisily. Finally, after the intercession of the father of his friend Marcel
Grossmann, he found refuge at the Patent Office. By 1909, he began to
be sought after by universities and in 1914 accepted a call to the
university in Berlin and the Prussian Academy, chiefly to gain free-
dom from teaching and other obligations. In fact, he managed to avoid
turning out more than a single Ph.D. of his own during his lifetime.”
As director of the Institute for Physics, he paid minimal attention to his
directorial duties, even as to the recruitment of new members or to
drawing up regulations.” "Red tape," he explained, "encases the spirit
like the bands of a mummy." When he first met John D. Rockefeller, Jr.,
the two men compared notes on how to get things done. "I put my
faith in organization,” Rockefeller said; "I put my faith in intuition,"
came Einstein's replyd®

When war broke out in August 1914, ninety-three of the chief intel-
lectuals of Germany published a manifesto with the significant title
"Appeal to the World of Culture,” supporting the military. Einstein,
for his part, supported a pacifist counterdeclaration entitled "Appeal
to the Europeans”; however, it was never published, having attracted a
grand total of only four signatures. But throughout the war Einstein
never made a secret of his pacifist and cosmopolitan attitude, and in an



increasingly hostile Germany he took care to express publicly his sup-
port for the founding of a Jewish state in Palestine. He also made it
plain that he regarded himself again as a Jew and indeed as a religious
person; of course, as shown in several essays in his book Meus
OpbuoMs, his idea of religion was contrary to any religious estab-
lishment. It was a Spinozistic pantheism that he called “cosmic relig-
ion," and he put his position simply and seriously in one of his letters:
"I am a deeply religious unbeliever."»

When World War 11 broke out Einstein, who had moved to America,
was not kept informed about nuclear research. On the contrary, he was
carefully monitored by the military and the FBI, which considered him
a security risk. The FBI hies on Einstein are voluminous; J. Edgar
Hoover apparently was personally convinced that Einstein had to be
watched—the physicist's history showed that he was a truly dangerous
rebel.

One could add even more weight to the side of the balance that meas-
ures Einstein's iconoclastic nature. But if now the defense attorney for
the accused is given some moments for rebuttal, a counterargument
would be introduced by noting that Einstein's rebelliousness was only
half the story—the other half was his selective reverence for tradition.
Indeed, the counsel for the defense might well urge us to consider it a
hallmark of genius to tolerate and perhaps even relish what seems to us
such apparent contradiction.

There were, in fact, significant limits to the offenses cited. For exam-
ple, one might be more lenient about Einstein's leaving his Gyvwwsmtw
early, given that he preferred reading classics of science and literature
on his own. After all, the school system was by no means beloved by all
its pupils—not least because it devoted itself not only to educational
goals but also to political indoctrination. Although there were vari-
ations among school systems in different parts of Germany, an official
Prussian publication was typical in setting forth the plan and aims for
the upper schools of 1892., when Einstein was a GymwaslVist. It an-
nounced, "Instruction in German is, next to that in religion and his-
tory, ethically the most significant in the organism of our higher
schools. The task to be accomplished here is extraordinarily difficult
and can be properly met only by those teachers who warm up the
impressionable hearts of our youths for the German language, for the
destiny of the German people, and for German spiritual greatness. And
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such teachers must be able to rely on their deeper understanding of our
ianguage and its history, whiie a)so being borne up by enthusiasm for
the treasures of our iiterature, and being filled with patriotic spirit."”
Cieariy, Bi/divitg and KiitVP* were here instrumentaiized in the service
of the state. To young Einstein, this program smelted of militarism.

Moreover, when the public and his fellow scientists later hailed him
as the great scientific revolutionary, Einstein took pains to deny this
label. He emphasized repeatedly that his work was firmly embedded in
the tradition of physics and had to be considered an evolution of it,
rather than a revolution. He would have been appalled to know that a
few years after his death a philosopher would assert that a wall of
incommensurability existed between the world of Newton and the
world of Einstein.

But points such as these pale in comparison to a central one: Ein-
stein maintained a lifelong interest in and devotion to the European
literary and philosophical cultural tradition, and especially to German
literary and philosophical That allegiance, in which his imagi-
nation was embedded, had been fostered early in his childhood. While
the classics of music were offered in their home by his mother, Ein-
stein's father would assemble the family in the evening under the lamp-
light to read aloud from works by such writers as Schiller or Heinrich
Heines The family perceived itself as participating in the movement of
general BifdVIVY, the uplifting of mind, character and spirit that char-
acterized the rising portion of the BtifggrtMWV, especially its Jewish
segments. KIMWr advocated and legitimized emancipation, and also
provided a vehicle of social assimilation.

After all, during his scientifically most creative and intense period in
Bern, Einstein formed with two young friends an "academy™ for the
self-study of scientific, philosophical, and literary classics. Ve have the
list of the books they read and discussed at their meetings, which
sometimes convened several times aweek: Spinoza, Hume, Mach, Ave-
narius, Karl Pearson, Ampere, Helmholtz, Riemann, Richard Dede-
kind, William Clifford, Poincare, John Stuart Mill, and Kirchhoff, as
well as Sophocles and Racine, Cervantes and Dickens.. Einstein and
his friends would not have wanted to be igMomwt of the cultural milieu,
even if they did not necessarily agree with all they read.

To illuminate the point with but a single example: we know that
Albert at the tender age of thirteen was introduced to Kant's philoso-
phy, starting with the o”Pwe RMsow, through his contacts
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with Max Tatmey, a regular guest at the Einstein home.”™ He reread
Kant's book at the age of sixteen, and enrolled in a lecture course on
Kant while at the Technical Institute in Zurich.® He wrote a lengthy
book review of a philosopher's analysis of Kant, and at the Institute in
Princeton his favorite topic of discussion with his friend Kurt Godel
was, again, Kant.*" Einstein surely knew of the overwhelming influence
of Kant on, for example, the late-nineteenth-century philosophers ar-
guing against materialism.

AH this, typically, did not make Einstein a Kantian at all. While he
sympathized with Kantian categories—and was very likely to remem-
ber that Kant had listed "Unity" as the first of his categories®—Ein-
stein objected to the central point of Kant's transcendental idealism by
denying the existence of the synthetic a priori, arguing that the essen-
tial point for him was, again, freedom, the "free play" of the individual
imagination, within the empirical boundaries the world has set for us/"

Thus Einstein's reverence was carefully selective, even while his out-
reach into the traditional cultural environment was enormous. He
loved books, and they were his constant companions. A list of only
those books found in the Einstein household at Princeton that had been
published up to 1910 includes the works of Aristophanes, Boltzmann,
Ludwig Buchner, Cervantes, Clifford, Dante, Dedekind, Dickens, Dos-
toyevski, Friedrich Hebbel, the collected works of Heine (two edi-
tions), Helmholtz, Homer, Alexander von Humboldt (both the col-
lected works and his Koswos), many books of Kant, Lessing, Mach,
Nietzsche, Schopenhauer, Sophocles, Spinoza, and, for good measure,
Mark Twain.*" But what looms largest are the collected works of Jo-
hann Wolfgang von Goethe: a thirty-six-volume edition and another of
twelve volumes, plus two volumes on his optics, one on the exchange
of letters between Goethe and Schiller, and also a separate volume of
the tragedy which will become a significant part of our story.

Some of those books have such early dates of publication that they
may have been heirlooms; others must have been tost in the turmoil of
the various migrations and separations. But this list, though only a part
of the total library, indicates roughly what aspiring members of the
culture-carrying class would want to know about. And their schooling
had prepared them, willing or not, to take such exemplars of higher
culture seriously, not least as preparation for school examinations.

Einstein's required courses in high school were mentioned earlier;
at the Polytechnic Institute, where Einstein was training to be a high
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school physics teacher, he took ah the required science courses, in-
cluding differential equations, analytical geometry, and mechanics—al-
though what he most wanted to learn, Maxwell's electromagnetism, he
had to study on his own. In his hrst year, he enrolled in two additional
optional courses, one on the philosophy of Kant, as noted earlier, and
one entitled "Goethe, Werke und Weltanschauung.” No doubt—he
had been captured.

ToMwl g verdict

The opposing evidences—Einstein's rebelliousness and his attention to
tradition—having now been presented, is not the obvious conclusion
that in Einstein we are dealing with a sort of split personality? The
answer is No; we have seen two different perspectives of one coherent
mental structure that uses the seemingly conflicting parts to support
each other.

The bonds between the apparent opposites are of two kinds. The
first lies in the presence of an alternative subcurrent in the
itself. As I have hinted, Kg/tm carried within itself a strain that we may
call a "tradition of rebellion,” which made it in fact potentially unsta-
ble and volatile. The anti-Enlightenment .StMy Mud Drnwg and Ro-
mantic products of the earlier period had become canonized and re-
mained part of the tradition-bound, late-nineteenth-century KIVItM;
the ideal of the active, creative, unbounded individual continued to be
championed. Such a person had to accept the plain and simple duty—
to strive for authenticity and intensity of feeling, even heroism and
sacrifice. The purest expression of individuality was embodied in the
genius, who led an often marginal, tormented, and, by conventional
standards, failing or even demonic existence but who nonetheless saw
and created things far beyond the reach of comfortable philistines.”
Those philistines were the enemies for the MnJd Dmwy authors, as
they were for Einstein.

These two strains in KMV, the rebellious and the traditional, were
often complementary. Those formed by this KIMVIfivF were prepared to
flout convention, while at the same time revering the outstanding cul-
tural figures of all times. Although willing to dissent, they also under-
stood themselves as loyal members of a supratemporal community of
exceptional minds that existed in a universe parallel to that of the
philistine masses. This mixture was not considered contradictory, al-



though note must be taken here of what history was to record later in
bloodstained letters: when these elements of rebelliousness later broke
away from their stabilizing counterparts in culture, they flamed up for
a time in twentieth-century Germany into the transformation and de-
struction of Kn/mr itself—as Einstein and so many others were to
experience. But during his formative years, this complementary nature
of iGJfIvr still functioned, and it was precisely what Einstein needed for
his work and life.

The second of the three bonds connecting those seemingly contra-
dictory aspects of Einstein lies, unsurprisingly, in his approach to phys-
ics, both in his manner of radically clearing obstacles and in how he
achieved his insights with the aid of tools from the traditional culture.
Looking at his papers and letters, one can almost watch the seemingly
centrifugal tendencies of Einstein's spirit being used and tamed to his
service. | found the first hint in the letter he wrote in the spring of 190$
to his friend Carl Habicht.™ In a single paragraph, Einstein poured out
an accounting of major works he was then completing. First on his list
was the discovery of the quantum nature of light, which explained the
photoelectric effect. Another was his prediction and detailed explana-
tion of a random, zigzag movement of tiny objects in suspension that
might be watched through a microscope; in that work he would trace
the cause in exact detail to the bombardment of these visible bodies
by the invisible submicroscopic chaos of molecules all around them.
(The existence of such motion, referred to as Brownian movement,
was known but not understood.) And the last of the papers-in-progress
that he referred to was what became the original presentation of Ein-
stein's relativity theory, identifying that work to Habicht only as an
evolutionary act, "a modification” of current teachings. To achieve
that, in the published paper he casually discarded the ether, which had
been preoccupying the lives of a large number of prominent physicists
for more than a century, with the nonchalant remark that it was "su-
perfluous™; dismissed the ideas of the absolutes of space, time, and
simultaneity; showed that the basic differences between the two great
warring camps, the electromagnetic and mechanistic worldviews, were
dissolved into a new, relativistic worldview; and finally, as an after-
thought, derived E = inch

Each of these papers, completed in 1908$, is a dazzling achievement,
and, what is more, they always have seemed to be in three completely
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different Helds. But | could not rid myself of the thought that behind
their obvious differences something common was motivating these ar-
ticles, which were published rapidly, one right after the other. Some-
thing was missing in that exuberant letter to Habicht.

An important lead was found at last in an unpublished letter Ein-
stein had written to Max von Laue in January 1932., which indicates
the hidden connection.” This point will be elaborated in Chapter 3,
but to put it very briefly, Einstein's study of Maxwell's theory, which
had led him to the theory of relativity, had also convinced him that
radiation has an atomistic (that is to say, quantum) structure, exhibit-
ing fluctuation phenomena in the radiation pressure, and that these
fluctuations should show up in the Brownian movement of a tiny sus-
pended mirror. Thus the three separate fireworks—relativity, the quan-
tum, and Brownian movement—had originated in a common car-
tridge.

Moreover, once this is understood, Einstein's approach to the prob-
lem in each of these diverse papers could be recognized as having
essentially the same style and components. Unlike most other physi-
cists of the time, Einstein began, not by reviewing puzzling new experi-
mental facts, the latest news from the laboratory, but rather by stating
his dissatisfaction with what seemed to him asymmetries or other in-
congruities that others would dismiss as being merely aesthetic in na-
ture. He then proposed a principle of great generality, analogous to the
axioms Euclid had placed at the head of that "holy™ geometry book.
Next Einstein showed in each case how to remove, as one of the de-
duced consequences, his original dissatisfaction; and at the end, briefly
and in a seemingly offhand way, he proposed a few experiments that
would bear out predictions following from his theory. Once more there
was only one Einstein, not three.

Most significant, the fundamental motivation behind each paper
was really the very same one he had announced five years earlier in a
letter to a friend, in which he revealed what would become his chief
preoccupation in science for the rest of his life: "To recogwe thg Mihy

a complex o separate F*Mgs.”
Thus, the paper on the quantum nature of light begins with a typical
sentence: "There is a deep formal difference between the theoretical
understanding which physicists have about gases and other ponderable
bodies, and Maxwell's theory of electromagnetic processes in the so-
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called vacuum."*" That is to say, the energy of palpable bodies is con-
centrated, but as a tight wave spreads out, its energy in a given area on
the wavefront constantly decreases. Why should atomicity not apply to
both matter and light energy? The Brownian movement article de-
clared that if there is chaotic motion or spontaneous fluctuation in the
microcosm of classical thermodynamics, it must also show up in the
macrocosm of visible bodies. And the relativity paper in effect removed
the old barriers between space and time, energy and mass, electromag-
netic and mechanistic worldviews. In the end, all these papers endeav-
ored to bring together and unify apparent opposites, removing the
illusory barriers between them.

T~ewadc prasMpposidoMS

The longer | studied the papers and correspondence of this scientist,
the more impressed | became by his courage to place his confidence,
often against all available evidence, in a few fundamental guiding ideas
or presuppositions, which he called "categories” in a non-Kantian
sense, that is, freely chosen. In studying other major scientists, 1 have
repeatedly found the same courageous tendency to place one's bets
early on a few nontestable but highly motivating presuppositions,
which | refer to as themata. In Einstein's case, an example of themata
would be simplicity, harking back to Newton's first rule of philosophy:
"Nature is pleased with simplicity, and affects not the pomp of su-
perfluous causes -.. Einstein believed deeply in the concept of simplic-
ity as a guide in science (see Chapter i), and he exemplified it in his
own lifestyle.

Another of his thematic presuppositions was symmetry, a concept
he introduced into physics in 1905, considering it basic—when most of
his readers surely wrote it off as an aesthetic, optional choice. It has
since become one of the fundamental ideas in modern physics. Yet
another thema was his belief in strict Newtonian causality and com-
pleteness in the description of natural phenomena, which explains why
Einstein could not accept as final Niels Bohr's essentially probabilistic,
dice-playing universe. Einstein's utter belief in the continuum was yet
another such thema, as in the field concepts that enchanted him from
the moment he saw his first magnet compass in boyhood.

There are a few more themata to which he also clung obstinately.
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But beyond that, we must ask a key question: Because the themata are
not a priori or innate but choosabte, are those that are selected chosen
at random, from some infinite set of possible themata? That . do not
believe. Or e t/ieTTMa so coMlident/y hecalVie Y%e rem-
Jorced g, <34 m resoMc” scieMrisf's cMit"ra/ miigMVF That
was the initial question here, but now it can be tested in a real case.

One thema that was the most important to Einstein—that of unity,
unification, wholeness—will serve as the prototypical example to an-
swer the question whether themata in science may be reinforced by the
cultural milieud® Einstein's dedication to the presupposition of finding
unities in Nature is evident as the motivation for his three great papers
of 1905, and indeed continued uninterrupted from his first paper on
capillarity to his last ones on finding a general unified field theory that
would join gravity and electromagnetism, as well as providing a new
interpretation of quantum phenomena—as may yet happen, although
along a path different from hisd* In between, that preoccupation had
led him from the special theory to what he at first called typically the
temigeTVEiTterfe, the generalized theory of relativity. And it was for
him not only a scientific need to view the world of separate phenomena
as expression of one great unity; it was for Einstein also a psychologi-
cal necessity. As he put it in one of his essays on Cosmic Religion, "The
Religious Spirit" (1934): "Individual existence impresses one as a sort
of prison, and one wants to experience the universe as a single sig-
nificant whole."

That self-imposed, unquenchable desire to find unifying theories
had possessed many other scientists (for example, Alexander von
Humboldt, who celebrated in i8z8 the "deep feeling for a unity of
Nature," and who in his Koswos [1845, pp. 3-6] declared: "Nature is
unity in multipicity. . . . The most important result of thoughtful physi-
cal research is to recognize unity in variety"). To be sure, this presup-
position sometimes led Einstein astray, as had Galileo's analogous ob-
session with the primacy of circular motion. And some splendid science
is done by researchers who seem to have no need at all of thematic
presuppositions, as | have found in other case studies. Nor do | want to
paint all German scientists as having been caught up in the dream of
unity; for example, as Pauline Mazumdar's study of German immu-
nologists showed, there were "Pluralists” among them to oppose the
"Unitarians."”

But my subject is Einstein, and it is clear that his thematic accep-
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Figure 2: Appeal for the formation of the Gesellschaft fiir positivistische
Phiiosophie. (Courtesy of Wilhelm-Ostwald-Archiv, Deutsche Akademie der
Wissenschaften zur Berlin.)

tance of unity or wholeness was one of the demons that had got hold of
the central fiber of his souh He even lent his name—along with thirty-
two other distinguished scholars from a variety of fields, ranging from
mathematics to biology, and from biology and philosophy to psychol-
ogy—to the publication, as early as 1912, of a public manifesto (AMV™
tMi Figure 2) calling for the establishment of a new Society aiming to
develop, across all branches of scholarship, one set of unifying ideas
and unitary conceptions. As the put it in its second paragraph,



the new Society's aim would be "to join @)l fields of learning [%o/e
Wisselvisc™affeft] together in an organic association, to develop every-
where the unifying ideas, and thus to advance to a non-contradictory
comprehensive conception.™"

Yet if it was allegiance to a few themata that supported Einstein in
launching into uncharted territory, often with the barest encourage-
ment from the phenomena, pronged  cottage to %Jopt tfese
@M% and to stick with them through thick and thin? This is where
the various strands we have pursued will converge, where we make
closest contact with the "cultural soil” that helped to feed his scientific
imagination; for one can show the resonance between Einstein's the-
matic belief in unity in science and the belief in the primacy of unity
contained in certain hterary tcotTs to which he had allegiance. While
here | can demonstrate the case for only one of his themata, and for
one set of major literary works, the case made is more general and
applies to many of the most creative scientists.

Tiie cn/tMtu/ roofs o/unify; a poef poinfs fits tcay

So far, we have noted that Einstein drew on the work of other scien-
tists, on the tools of his trade that he assembled during his education—
so joyfully by himself, less so in his schooling. WWe have discussed his
personal attitude as a gcMciefe individual who refused to be a mere
functionary of the state and kept his freedom of imagination and des-
tiny. Other useful suggestions for pieces of the puzzle have also been
proposed, for example, the interesting point made by Robert Schul-
mann and Jurgen Renn that Einstein's reading in popular scientific
books as a boy consisted largely of works that did not dwell on details
but instead provided an overview of science as a coherent corpus of
understanding, and that this experience predisposed him early to fasten
upon the big questions rather than upon the small pieces.*

AMthis was necessary; but it was not enough. Einstein's wide read-
ing in humanistic works beyond science—where the BMVIVyduring his
formative years was to lead to continued self-refinement through study
of the "best works," analogous to Matthew Arnold's concept of cul-
ture—hinted at what else is needed to understand his particular gen-
ius.™ From the list of icons of high culture at the time who greatly
impressed Einstein, | must focus on just one author, who, with Schiller,
was among the most universally revered: Johann Wolfgang von
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Goethe/” Since Goethe is today certainly not on everyone's mind, I will
attempt to convey in a few words his unimaginable influence at the
time, not merely on educated Germans in general, but on German
scientists in particular."”

There are two major parts to that influence. One was the fact that
Goethe was arguably Germany's most accomplished and productive
poet. He began his long and fruitful career when, as noted, Germany
was not a modern state. Indeed, in many ways it was backward com-
pared with Britain and France; it was politically impotent, a motley
assembly of about three hundred fragments, large and small, within the
dying Holy Roman Empire. In 177$, when the twenty-six-year-old
Goethe arrived in Weimar, it was still an impoverished duchy, and his
own youthful presence there was possibly one of its biggest assets. His
skill, intelligence, and humanity had begun to show themselves even in
his first, fiery works that were still linked to the .StMat ttwd Dyttwg
tradition, for example, the irreverent revolutionary drama Gotx Mn
BerhcFmgew, written at age twenty-four, and the romantic novel The
borrows o"YoMag Werther, written one year later. The Gofx drama was
based on a legendary early sixteenth-century German knight, a bold
and impudent adventurer who made it known to all, in strong lan-
guage, that he was beholden to no one but God, Kaiser Maximilian,
and his own independent self. (I find it delightful that during Einstein's
final MatMm examination, his essay in the subject of German was on
Gofz, the very embodiment of the independent individual spirit.”)

Goethe, too, was a complex of apparent opposites. In his early
works he had established himself as the foremost German spokesman
for the zwd Dmttg movement, the forerunner of the Romantic
revolt, while still adhering to Enlightenment ideas. And he was still in
his twenties when he began work on the first part of his Faust, the
tragedy into which he poured his superb poetic skills and all the varied
and mutually antagonistic aspects of his maturing soul. It was, like
much of his writings, part of a "great confession,” but it had an espe-
cially strong grip on the German imagination, on the upward-striving
bourgeoisie as well as on the elite; the nearest analog that comes to
mind is the indelible impression of Dante's epic on intellectuals in Italy.
As G. H. Lewes remarked, the Faust tragedy "has every element: wit,
pathos, wisdom, farce, mystery, melody, reverence, doubt, magic, and
irony.""

In his early period, Goethe himself, like his Faust, accepted the
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dictum "To live, not to iearn.” But as he matured, this rebeHion took a
special form, similar to Einstein's own. Goethe's central tenet was the
belief in individuality or individualism: one was a free person, defying
some of the social conventions, but at the same time revering the
geniuses of history and legend, which for him (according to Goethe's
biographers) included the original Dr. Johann Faustus of the sixteenth
century, Prometheus, Spinoza, Mohammed, Caesar, and the original
knight Gotz von Berlichingen/" Like Spinoza, Goethe saw God and
Nature as two aspects of the same basic reality, and in that belief, too,
he shared the spirit of Einstein and other scientists. Among German
MdtMitHtge?; Goethe became a fascinating and inexhaustible part of
their imaginative lives.®

I will return to that point in @ moment. But it must be noted that a
second aspect of Goethe's power was his position as a serious and pro-
ductive scientist on certain topics, such as the investigation of the
subjective impression of color; the discovery, in his first scientihc paper,
of the presence of an intermaxilliary bone in man; his early version of
what Ernst Haeckel later called an "evolutionary mechanism"; his
concept of the metamorphosis of plants; and other such matters. Thus
Goethe has an honored place even in the modern DichoTMry oAScZgivt

fhognaphy, and despite the controversy about some of his other
contributions, especially on the theory of colors (the Znr EarAgMePre
of 1810), his scientihc activities—totaling fourteen volumes of the We-
imar edition of his collected works—added to his standing as a Agure
representing the best of culture in all its dimensions.

To be sure, Goethe's science was chieAy that of the poet-philosopher.
Indeed, one early "scientihc" essay, entitled "Study after Spinoza,”
begins with the sentence, "The concept of being and of completeness is
one and the same"; from this, Goethe goes on to ponder the meaning
of the inhnite.. But signihcantly, the main point of that work was to
argue for the primacy of unity in scientihc thinking, and for the whole-
ness "in every living being." The sorry and misguided war he waged
for more than four decades against Newton's ideas, especially on color
theory, must be understood in terms of Goethe's philosophical and
poetic beliefs. For example, the quantihcation and subdivision of natu-
ral phenomena, he thought, missed the whole point of the organic
unity of man and nature in the explanation of phenomena, particularly
for what he regarded as qualities, such as colors. This is a prominent
aspect of much of Goethe's whole corpus: the theme of unity, whole-
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ness, the interconnection of ah parts of nature. Those are main concep-
tions that informed both his science and his epics. As one of his com-
mentators has observed, "The nature of the entire cycle [is this]: unity
in duality.-.. This maxim pervaded even his belief in the existence of an
original, archetypal plant an archetypal man, and so on—
all part of what has been called the lonian Fallacy: looking for one
overarching explanation of the diversity of phenomena/" Even at age
eighty-one, he was immensely excited by news that in France, the
biologist St. ITilaire had associated himself with the concept of unity at
the base of biology, and he exclaimed:

What is all intercourse with Nature, if we merely occupy our-

selves with individual material parts, and do not feel the breath

of the spirit which prescribes to every part its direction, and or-

ders or sanctions every deviation by means of an inherent law!

I have exerted myself in this great question for fifty years. At

first 1 was alone, then I found support, and now at last, to my

great joy, | am surpassed by congenial minds.8"

Much has been written about the interest among scientists in vari-
ous aspects of Goethe's work, and not only in Germany. A list of such
scientists would contain names such as Johann Bernhard Stallo, Wil-
helm Ostwald, the physiologist Arnold Adolphe Berthold, the neuro-
physiologists Rudolf Magnus and Emile du Bois-Reymond, the bota-
nist Gottlieb Flaberlandt, the physical chemist Gustav Tammann, the
bacteriologist Robert Koch, the psychologist Georg Elias Muller, and
the English scientist William Henry Fox Talbot. A curious case is that
of Nikola Tesla, who, although not German by descent, was so caught
up in the German style of F\MIMAg that he claimed, and sometimes
demonstrated, that he knew the whole of Goethe's by heart—ll
i2.,n0 lines.®

Of course not everyone shared Tesla’s enthusiasm. Many a scien-
tist had to give lip service to Goethe's dominance while actually fight-
ing for a down-to-earth, pragmatic, properly experimental style of
thought. But wherever these readers turned, from their school days on,
they, like Einstein, were likely to encounter Goethe, and so were liable
to absorb and sympathize with that central point in Goethe's work, the
longing for unity, for wholeness, for the interconnectivity of all parts of
nature. As Walter Moore put it in his biography of Schrodinger, "All
German-speaking youth [were] imbued with the spirit of Goethe. . . .
They have absorbed in their youth Goethe's feeling for the unity of



172ffojMCF?ow

Nature.  Fragments of Goethe's poetry could be encountered rou-
tinely, not only in the popular lectures of other XMfMHrhigor or in the
exhortations of politicians, but even in the lectures and textbooks on
science itself, in the writings of physicists such as Helmholtz, Schrodin-
ger, Wilhelm Wien, and Max Born. Thus Arnold Sommerfeld, in the
third volume of his Tecfivires ow Theoretical Physics, sends his read-
ers on general relativity theory off with a quotation from PalVkt, part
IMS

My favorite example of that ubiquity occurs on two pages of a
textbook by one of Einstein's own scientific predecessors, one whom in
1900 he had called "quite magnificent."*" Boltzmann's \VoriesMVipw
fiber Maxwefis Theorie Jer Eiehtricitat Mad Jes Tichtes was published
in two parts (1891 and 1893), each preceded by a short epigraph.
Boltzmann could count on every German reader to recognize the origin
of the lines he quoted there, for they referred to the early pages of
Goethe's Amsf tragedy. The following is my free translation of the first
passage: "That |1 may no longer, with sour labor, have to teach others
that which I do not know myself." Boltzmann does not even have to
add the next, most celebrated and programmatic lines of T<A\f, "and
that | may perceive what holds the world together in its innermost.”

Boltzmann's second epigraph refers to the passage where Faust, on
opening the book of Nostradamus to seek even there a guide to the
force that holds the world together, is struck by the wondrous "Sign of
the Macrocosmos™ and exclaims: "Was it a God who designed this
hieroglyph . . . ?Into one Whole now all things blend.”

More on this point will be said in Chapter tz. But by referring to the
God-like signs Boltzmann meant of course to hint that his reader is
about to be initiated into the spell of Maxwell's equations, the sum-
mary of Maxwell's synthesis of electricity, magnetism, and optics. The
equations relating the electric and magnetic held terms are indeed stun-
ningly beautiful in their simplicity, scope, and symmetry, particularly
when written in modern form:

curIE:-é’(‘Jf dvE=.

curl B= 1

E .
e divB=.

It is significant that in both epigraphs Boltzmann's version of
Goethe's lines are in fact just a bit wrong."" He, too, was no doubt



quoting from memory, going back to schooi days. Used constantiy,
such verses tend to be taken for granted and get fuzzy at the edges.
Boltzmann's errors are really one sign that Goethe's lines have become
part of common culture.

We must dig a bit deeper to see why such literary allusions were so
meaningful to the scientific reader. Consider the context of those lines,
near the beginning of the first part of the fuust tragedy. Having pain-
fully worked his way through every major specialty, Faust finds that his
thirst for knowledge at its deepest level has not been satisfied by these
separate (let us say, non-coherent) studies—any more than were the
signers of the 1912 Au/ru/j calling for unity throughout all sciences and
scholarship. Even if he has to turn to the realm of the magical, Faust
must discover the secret of the world's coherence. Nostradamus's book
offers him the blinding revelation in terms of the Sign of the Macrocos-
mos, that ancient symbol of the connection between the part and the
whole, man and nature (Figure 3). This is why Boltzmann connects the
passage to Maxwell's equations that express the synthesis of large parts
of physics.?*

The main point here is the strong resonance between the Goethean
or Faustian drive toward a unified fundamental understanding of na-
ture and that of the analogous ambition of Boltzmannian scientists and
their pupils: the search for one single, totally coherent worldpicture,
a We/tMJ encompassing all phenomena. Physical science yearned to
progress by the discovery of ever fewer, ever more encompassing fun-
damental concepts and laws, so that one might achieve at last what
Max Planck called, in the title of his 1908 essay, "Die Einheit des
physikalischen Weltbildes."?? Indeed, some physical scientists still
work toward the day when one single equation will be found that will
subsume all the diversity of physical phenomena. Then the Sign of the
Macrocosmos will indeed stand before our gaze.

Einstein, starting with his very first publication in 1901 on capillar-
ity, was committed to an early stage of such a Faustian plan. In that
paper he tried to remove a duality between Newtonian gravitation,
which directs the motion of macroscopic objects downward, and capil-
lary action, which drives the molecules of the submicroscopic world of
the liquid upward. In its way this was also a search for the commonal-
ity between the macrocosm of observable gravitation and the micro-
cosm of molecular action. Here was a case where, he thought, appar-
ently opposite phenomena could be brought into a common vision.
Even though Einstein later dismissed the physics he had used in that
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Figure 3: Rembrandt's etching, called "Dr. Faustus" (detaii). From L. Miinz,
ed., Etchings (London: Phaidon Press, 1972.).

first paper as juvenilia, he never turned his back on the inherent goal.

The intensity of the impulse toward a unified We/tMJ (detailed in
what follows, especially in Chapters 1 and 4) was typical for many
German scientists of the time—even while specialization was rising ail
around them. But it was not confined to them. David Cassidy has
noted that
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the "unifying spirit,” as it was calied, pervaded much of central
European thought at the turn of the century. German idealism,
neo-Romanticism, and historicism, stretching from Immanuel
Kant and Georg Wilhelm Hegel to Benedetto Croce and Wil-
helm Dilthey, each pointed to some sort of transcendent higher
unity, the existence of permanent ideas or forces that supersede
or underlie the transient, ephemeral world of natural phenom:-
ena, practical applications, and the daily struggle of human ex-
istence. The scholar, the artist, the poet, the theoretical physicist
all strove to grasp that higher reality, a reality that because of its
permanence and transcendence must reveal ultimate "truth”
and, hence, serve as a unifying basis for comprehending, for re-
acting to, the broader world of existence in its many manifesta-
tions.A
I can only add in closing that movements as different as turn-of-the-
century Monism, and later the "Unity of Science” movement, were
closely related to this set of aims and ideas. And as Anne Harrington
has shown in her recent book, the "holistic biological impulse™ in
early-nineteenth-century Germany later flourished with the assistance
of our poet. As she put it, "Goethe's resulting aesthetic-teleological
vision of living nature would subsequently function as one of the later
generations' recurrent answers to the question of what it ‘meant’ to be
a holistic scientist in the grand German style.

At the end of Einstein's century, many excellent scientists and some
philosophers would readily settle for a hierarchical or "disunited™ sci-
ence rather than participate in the pursuit of overarching unities.™ To
them, the self-imposed task of those earlier culture-carriers in search of
grand unifications appears perhaps overreaching, and even discussing
it as a historic fact may be written off as nostalgia. Moreover, many
modern evolutionary biologists and naturalists have insisted that the
chief guiding concept should be diversity rather than unity. Perhaps
Henry Adams was right when he wrote that after the nineteenth cen-
tury the course of all history would be away from unity and toward
multiplicity and fragmentation.”

Yet the fundamental motivation of Einstein's program has helped to
keep alive the modern idea of a search for a physical theory that will
encompass all phenomena, from gravitation through nuclear science (a
path that Einstein himself had not explored). The ascent to that Mt.
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Everest is now taking various forms among different camps, aiong
different routes. The physics journais and even the daily papers are
witnesses; and the International School of Physics has announced a
physics seminar at Lake Como with the title, in part, "A Probe of
Nature's Grand Design." | have little doubt that hovering there above
the audience will be a throng of kindred ghosts, including Kant, Max-
well, Boltzmann, and Einstein, and of course, among the poets,
Goethe, with Faust himself at his side, and, way in back, the Greek
philosopher Thales of Miletus in lonia, who twenty-six hundred years
ago had launched that lonian dream, the thema that all things are
made of o?e essence. All those forebears had tilled and seeded the
cultural soil of their time and, in turn, in their different ways, had been
nourished and reinforced by it.

When death approached to claim Einstein in April 1955, his last acts
were still fully in character. He remained strong-willed to the end,
obstinately adhering to his ways. He had recently signed a manifesto
with Bertrand Russell and others calling on the international com-
munity of scientists to act as a unifying counterweight against the divi-
sive, national ambitions then rampant during the arms race. For seven
years, Einstein had known that a growing intestinal aneurysm of his
aorta might rupture at any time, but he had refused any major opera-
tion when it still might have averted the threat. He explained his un-
complaining state of mind to his stepdaughter Margot by saying sim-
ply, .. have done my thing here." At about one o'clock in the morning,
as the aneurysm burst, he suddenly spoke once more. But the night
nurse did not understand German.

Einstein's requests concerning his last rest also bore all the marks of
his lifelong struggle for simplicity and against ordinary convention.
There was to be no funeral—only a few family members and friends
gathering at the crematorium. No speeches, no flowers, not even mu-
sic. No gravestone. But as Einstein's ashes were dispersed into the
winds, an old friend and fellow emigre felt moved to recite a few verses
of poetry, ending with these lines:

He gleams like some departing meteor bright,
Combining, with his own, eternal light.
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As it happened, the poem had been written a century and a hah earlier
by the grief-stricken Goethe in memory of the death of his friend
Friedrich Schiller. A great circle had closed. Symbolically, Einstein's
lifelong comrades had helped him, once more, to move across those
illusory divisions between space, time, and cultures.

NOTES

This Introduction is based on the Robert and Maurine Rothschild
Distinguished Lecture in the History of Science, Harvard University,
April 8, 1997. 1wish to acknowledge several colleagues whom I have
consulted on aspects of this work, including Gordon Craig, Frederick
Gregory, Roald Hoffmann, Robert Schulmann, S. S Schweber—none
of whom are responsible for possible errors—and, above all, Gerhard
Sonnert, who provided essential and dedicated help throughout. 1 am
grateful to the Andrew W. Mellon Foundation for support of a re-
search project of which this essay is part.

1. It is symbolic that among the framed portraits he kept in his Princeton home there
were only three scientists, each of whom pursued a great synthesis in physics—
Newton, Faraday, and Maxwell.

2. Albert Einstein, "Autobiographical Notes," in Albert Einstein; Philosopher-Scien-
tist, ed. Paul Arthur Schilpp (Evanston, 111.: Library of Living Philosophers, 1949),

53

3. Looking in the opposite direction, that is, at how cultural elements later were
affected by relativity theory rather than initially helping to shape it, we know that
certain of Einstein's publications were interpreted to affect the culture of his and
our time, misguided though most of these attempts have been—as Steven Weinberg
recently warned—such as the transfer of relativity concepts into anthropology,
ethics, religion, literature, and the so-called relativism haunting other Reids. Ein-
stein himself was perturbed by popular misunderstanding of his theory. He would
have preferred that his theory—which Max Planck and Max Abraham, not Ein-
stein himself, had named the "theory of relativity"—become known as the "theory
of invariance" instead. Einstein, letter to E. Zschimmer, September 30, 192.1; cf.
Gerald Holton, Einstein, History, and Other Passions; The ReMiion against Sci-
ence at the End o/dhe Twentieth Centnry (Reading, Mass.: Addison-Wesley, 1996),
131-132.. See also Steven Weinberg, "Sokal's Hoax," Neta Yorh Reaieta o/Aoohs,
August 8,1996, 11-13.

4. Robert K. Merton, Science, TecEno/ogy, and Society in Seventeenth Centnry Eng-
land (New York: H. Fertig, 1970; Rrst published 1938), 2.38.

3. Paul Forman, "Weimar Culture, Causality, and Quantum Theory, 1918-192.7:
Adaption by German Physicists and Mathematicians to a Hostile Intellectual Envi-
ronment,” Historical Studies in the Physical Sciences 3 (1971): 1-113.



10.

11.

12.

13.
14.

13.

16.

17.
18.

13.

20.

21

22.

Mo oz o m xlv

John Hendry, "Weimar Culture and Quantum Causality," History o” Science 18
(1380): 133-180; Stephen G. Brush, "The Chimerical Cat: Philosophy of Quan-
tum Mechanics in Historical Perspective," Social Studies o” Science 10 (1380):
333-447; P. Kraft and P. Kroes, "Adaption of Scientific Knowledge to an Intellec-
tual Environment: Paul Forman's "Weimar Culture, Causality, and Quantum The-
ory, 1318-132.7," Centanrns 27 (1384): 76-33.

Max Jammet; The Conceptna/ Development o/ Qnantnm Mechanics (New York:
McGraw-Hill, 1366); Gerald Holton, Ti?e?natir Origins o”Scienti/ic Thought: Ke-
pler to Einstein (Cambridge, Mass.: Harvard University Press, 1373, 1388).
Specifically: Philipp Frank, Einstein: Sein Eeben nnd seine Zeit (Munich: Paul List,
1343), published in English as Einstein: His Ei/e and Times, tr. George Rosen, ed.
Shuichi Kusaka (New York: Alfred A. Knopf, 1347); Anton Reiser (pseud, of
Rudolf Kayser), Albert Einstein: A Biographical Portrait (New York: Albert and
Charles Boni, 1330); and Carl Seelig, Albert Einstein: Eine Dohnmentarische Biog-
rapbie (Zurich: Europa Verlag, 1354). One must include as well Einstein's own
fascinating intellectual autobiography, in Schilpp, Albert Einstein: Philosopher-Sci-
entist.

New Yorh Times Sunday Magazine, December 13, 1336.

Tetsu Hiroshige, "The Ether Problem, the Mechanistic World View, and the Origin
of the Theory of Relativity," Historical Studies in the Physical Sciences 7 (1376):
3-82.

Holton, Einstein, History, and Other Rtssions, 174-173.

Robert A. Millikan, "Albert Einstein on His Seventieth Birthday," Reviews o®
Modern Physics 21 (1343): 343-344.

Holton, Thematic Origins o”Scienti/ic Thought, ch. 8 and 477-480.

Cited in Robert S. Shankland, "Conversations with Albert Einstein,"” American
Jonrnaio”™Physics 31 (13631:47-37.

Banesh Hoffmann, with Helen Dukas, Albert Einstein: Creator and Rebel (New
York: Viking, 1372).

Lewis S. Feuer, Einstein and the Generations o/ Science (New York: Basic Books,
New Yorh Times, November 16, 1313, 8.

Cf. Einstein to Besso, May 13, 1317, in Albert Einstein and Michele Besso, Corre-
spondance, 1303-1333, tr. and Intro. Pierre Speziali (Paris: Hermann, 1372), 114.
For a classic exposition of the contrast between Knltnr and Zivilisation, see N.
Elias, Uber den Prozess der Zivilisation, 2 vols. (Basel: Verlag Haus zum Falken,
1333), vol. 1, 1-42.

See, for example, Brochhans Enzyhiopadie, 1330.

Bruno Gebhard, Handbnch der Dentschen Gescbicbte, 8th ed. (Stuttgart: Union
Verlag, 1362), vol. 3, 303.

Karl Mannheim, Ideology and Utopia: An Introdnction to the Sociology 0" Knowi-
edge (translation of Ideologic nnd Utopie, 1323; tr. Lewis Wirth and Edward Shils)
(New York: Harcourt, Brace Sc World, 1370), 136. By 1843 Karl Marx had noted
(in his Kritih des Hegelschen Staatsrechts) that "Geld und Bildung" were the main
criteria for social differentiation in the btirgerliche society; Marx, Karl Marx, Frie-
drich Engels, Werhe, ed. Institut fur Marxismus-Leninismus beim ZK der SED



xlvi

13.

24,

13.

16.

17.

18.

19.
30.

31

3L

33.

34.

33.

(Berlin: Dietz Veriag, 1957), voi. 1, 103-333. For a useful summary of the
BddnngsbiirgertMm, see F. Gregory, "Kant, Scheiiing, and the Administration of
Science in the Romantic Era," Osiris (second series) 3 (1989): 17-33.

In the original sense of the educated Mandarinate that served the Chinese Empire
and was chiefly concerned with administering or furthering the poiiticai and sociai
needs of the state authorities. Fritz K. Ringer, Tbe Decline o/dbe German Mandar-
ins: The German Academic Community, 1890-1933 (Cambridge, Mass.: Harvard
University Press, 1969).

Christa Kirsten and Hans-Jiirgen Treder, eds., A/bert Einstein in Berlin, 1913-
1933, 1 vois. (Berlin: Akademie-Veriag, 1979), voi. 1, 107. This document collec-
tion contains reports to the German Foreign Office from German dipiomats in The
Hague, Osio, Copenhagen, Paris, Buenos Aires, Tokyo, Madrid, Montevideo, Rio
de Janeiro, Chicago, New York, and Vienna. See voi. 1,12.3-140.

K. Mannheim, Ideologic nnd Utopie (Frankfurt: Veriag G. Schuite-Bulmke, 1969:
first pubiished in 1919), 111—211.

For Albert Einstein's family tree, see Aron Tamer, "Der Stammbaum Prof. Albert
Einsteins," /iidiscbe Famiiien-ForscbMng; Mitteiinngen der Gesedscba/it /ifr /iidi-
sche Pamdien/brscbMng 7 (1931): 419-411.

Erik Erikson, "Psychoanalytic Reflections on Einstein's Centenary," in Gerald Hol-
ton and Yehuda Elkana, eds., Albert Einstein: Historical and Cn/tnraf Perspectives
(Princeton, N.J.: Princeton University Press, 1981; Dover Publications, Inc., 1997),
131-173.

Maja Winteler-Einstein, "Albert Einstein—Beitrag fur sein Lebensbild,” The Col-
lected Pipers o™ Albert Einstein (Princeton, N.J.: Princeton University Press, 1987),
voi. 1, xlviii-Ixvi.

Einstein, "Autobiographical Notes," 3-3.

Nevertheless, Helen Dukas insisted that Einstein's lifestyle in Zurich and Bern was
"anything but 'bohemian,™ as noted in L. Pyenson, The Young Einstein: The
Advent o”Reiativity (Bristol: Adam Hilger, 1983), 77, note 9. Pyenson would have
characterized Einstein not as a rebel but as a stranger or marginal man (60-61).
Seelig, Albert Einstein; Eine Dobnmentariscbe Biograpbie, 113. The graduate stu-
dent's name was Hans Tanner; Einstein supervised Tanner's dissertation while a
professor at Zurich University.

Giuseppe Castagnetti and Hubert Goenner, "Directing a Kaiser-Wilhelm-Institut:
Albert Einstein, Organizer of Science?" paper given at the Boston University Collo-
quium for Philosophy of Science, March 3, 1997.

Cited in Otto Nathan and Heinz Norden, eds., Einstein on Peace (New York:
Schocken, 1968; reprint of i960 edition), 137.

Letter to Hans Muehsam, March 30, 1934, Einstein Archive 38-434; cited in The
Qnotab/e Einstein, ed. Alice Calaprice (Princeton, N.J.: Princeton University Press,
1996), 138. See also Einstein's declaration of his religiosity in Harry Graf Kessler;
Tagebiicber 1918-1937, ed. Wolfgang Pfeiffer-Belii (Frankfurt: Insei-Verlag, 1961),
311-311, and in Hubert Goenner and Giuseppe Castagnetti, "Albert Einstein as
Pacifist and Democrat during World War 1," Science in Context 9 (1996): 348-
349. See also Albert Einstein, Ideas and Opinions (New York: Dell, 1934).
Ministerium der geistlichen, Unterrichts- und Medizinalangelegenheiten,



36.

37.

38.

39.

40.

41.

42.

43.

44,

43.

46.
47.

48.
49.

xlvii

"Lehrplane und Lehraufgaben fur die hoheren Schuien, nebst Erlauterungen und
Ausfuhrungsbestimmungen™ (Bertin: Wiiheim Hertz, 1892.), 20.

Reiser; AlBert Einstein; A BiograpBical Portrait, 26. Toward the end of his iife,
when Einstein's sister Maja visited him in Princeton (as Einstein wrote to Besso),
both would spend their time together reading "Herodotus, Aristotle, Russell's
History o/ PBiiosopBy, and many other interesting books." Einstein and Besso,
Correspondance; see also Albrecht Folsing, AlBert Ei?stei7!; Eine BiograpBie
(Frankfurt: Suhrkamp, 1993), 819. One might add here that Heine was often
excluded from the "official" cultural canon, especially outside Jewish circles, be-
cause of his religious background and his affiliation with French and revolutionary
ideas.

See the introduction by Maurice Solovine to Albert Einstein, Letters to Solonine
(New York: Philosophical Library, 1987), 8-9. Auguste Comte is notably absent
from Einstein's reading list and exchanges. Comte remained relatively unknown in
the German-speaking parts of Europe at the turn of the century.

Max Taimey, TBe Relativity TBeory Simplified, and tBe Eorwatwe Period o/lts
Inventor (New York: Falcon Press, 1932.), 164.

Seelig, AlBert Einstein; Eine DoBatnentariscBe BiograpBie, 17. The course was
Professor Stadler's lecture course on "Die Philosophic 1. Kants"; see Collected
Papers, vol. 1, 364.

Albert Einstein, "Elsbachs Buch: Kant und Einstein," DeatscBe Literatar-zeitang 1
(n.f.) (1924), 1683-1692.

Immanuel Kant, Criti*ae of* Pare Reason, tr. Norman Kemp Smith (London:
Macmillan, 1929), 113.

Albert Einstein, "Remarks Concerning the Essays Brought Together in This Co-
operative Volume," in Al&ert Einstein: PBilosopBer-Scientist, 674.

This database for all books remaining after his death was compiled by NHK (Japan
Broadcasting Corporation) and is scheduled to be published. A reading list of
additional books may be found in Abraham Pais, 'SaBtle Is tBe Lord .. TBe
Science and tBe Life of*AlBert Einstein (Oxford: Oxford University Press, 1982).
Isaiah Berlin, TBe CrooBed TitnBer of*Hamanity, ed. Henry Hardy (New York:
Vintage Books, 1992), 213-216.

As Fritz Stern shrewdly observed in a passage mentioning both Goethe and Ein-
stein: "A genius could also be seen as a public nuisance." Stern, Dreams and
Delusions; TBe Drama 0”German History (New York: Alfred A. Knopf, 1987). See
also the first chapter of that volume, entitled "Einstein's Germany." On the uses
and abuses of Goethe by German ideologues, as well as on how Einstein's view of
himself as a Jew differed from the view held by others, for example, Fritz Habet;
see Stern, TBe Politics o/ Caltaral Despair; A Stady in tBe Rise o/ tBe Germanic
Ideology (Berkeley: University of California Press, 1961).

Seelig, AlBert Einstein; Eine DoBamentariscBe BiograpBie, 88-89.

It is also hinted at in a letter to Max Born, cited in Born, "Physics and Relativity,"
Helvetica PBysica Acta, Sapplementam 1V (1936), 249.

Collected Papers, vol. 2, 130.

Isaac Newton, MatBematical Principles o~Nataral PBiiosopBy (translation of PBi-
losopBiae nataralis principia matBematica), 2 vols., original translation by Andrew



xlviii [THfrCcfttCLOM

30.

Si.
32.

S3.

34.

Ss-

36.

37.

38.
39.

60.

61.

62.

63.
64.
63.

Motte (172.9), revised translation by Florian Cajori (Berkeley, Calif.: University of
Catifornia Press, 1962), voi. 2, 398.

The theme of unity and unification aiso piayed an important rote in bioiogy,
as Vassiiiki Smocovitis has documented in Uni/ying Biology: TBe E/o/M&OMary
Synthesis and Efo/ntionary Bioiogy (Princeton, N.J.: Princeton University Press,
1996). William Morton Wheeter commented (as cited in Smocovitis, 109) that it
might take "a few super-Einsteins" to unify bioiogy, using Einstein as the icon of
the theme of unification.

Pais, "SnBtie is tBe Lord . . .," 9.

Pauiine Mazumdat, Species and Speci”city: An Interpretation o” tBe History o®
IntMnnoiogy (Cambridge: Cambridge University Press, 1993).

Geratd Hoiton, Science and Anti-Science (Cambridge, Mass.: Harvard University
Press, 1993), 12-13.

Jurgen Renn and Robert Schulmann, "Introduction,” in AfBert Einstein—Miiefa
Marie: TBe Lofe Letters, ed. Renn and Schuimann (Princeton, N.J.: Princeton
University Press, 1992), xii-xiii.

See Matthew Arnold, Culture and AnarcBy, ed. Samuel Lipman (New Haven,
Conn.: Yale University Press, 1994; first published in 1869).

Einstein kept sculptured busts of both Goethe and Schiller in his Berlin home. F
Herneck, Einstein prinat; Herta W erinnert sicB an die JaBre 1927 Bis 1933 (Berlin:
Buchverlag Der Morgen, 1978), 47-48.

In the latter part of the nineteenth and in the early twentieth century, it was quite
common to assemble "best book" lists of the outstanding works of literature.
In 1911, Heinrich Falkenberg compiled such a bibliography, "Listen der besten
Bucher," in the ZeitscBri/t /tir BiicBer/fennde,' it comprised forty-six entries. The
earliest such bibliography was Johann Neukirch's DicBterBanon of 1833; in
Neukirch's compilation, as well as in the subsequent ones, Goethe played a domi-
nant role. Around 1906, the Viennese bookseller Hugo Heller polled a number of
intellectuals about their choice of the "ten best books." A selection of the responses
was printed in the JaBrBncB dentscBer BiBiiopBiien nnd Literatnr/rennde, ed. H.
Feigl (Zurich: Amalthea-Verlag, 1931), 108-127. As one might expect, Goethe
figured prominently in these replies, both explicitly and implicitly.

Collected %pers, vol. 1, 26-27.

George Henry Lewes, TBe Li/e 0"GoetBe, 3rd ed. (London: Smith, Elder and Co.,
1873).

Henry C. Hatfield, GoetBe; A Critical jiMtrodMVctioM (New York: New Directions,
1963), 28.

And of course not only in German-speaking countries; to cite a single example,
Ralph Waldo Emerson taught himself German specihcally in order to read Goethe's
works. See Robert D. Richardson, Emerson; TBe Mind on Eire (Berkeley, Calif:.:
University of California Press, 1993).

Johann Wolfgang von Goethe, GoetBes WerBe (Hamburger Ausgabe), 4th ed.
(Hamburg: Christian Wegner Verlag, 1962), vol. 13, 7-10.

Hatfield, GoetBe: A Critics/irttrodMcfion, 114.

Isaiah Berlin, Concepts and Categories (New York: Viking Press, 1979), passim.
Cited in Lewes, TBe Li/e o/GoetBe, 338.



66.

67.

68.

69.
70.

71

72.

73.

74.

73.

76.

xlix

On the other hand, there can be no doubt that many of the BildangsHirger and
many of those aspiring to their ranks rampantly quoted from this and other ciassics
mereiy to demonstrate their membership in the educated ehte. Such people were
greatly helped by Georg Biichmann's Ge/liigelte Worte; Der ZitatenscBatz des dent-
scBen Voices, 27th ed. (Berlin: Haude & Spenersche Buchhandlung, 192.6), a best-
selling compilation of classic quotations and lengthier excerpts that was first pub-
lished in 1864, and went through twenty-seven editions by 192.6. See Wolfgang
Friihwald, "Btichmann und die Folgen: Zur sozialen Funktion des Bildungszitates
in der deutschen Literatus" in BildnngsBiirgertKm im 29. JaBrFnndert, part II:
Bildnngsgiiter nnd Bildangstaissen, ed. Reinhart Koselleck (Stuttgart: Klett-Cotta,
1990), 197-219.

Walter Moore, ScFrodinger; Ei/e and TEong”t (Cambridge: Cambridge University
Press, 1989), 47.

Arnold Sommerfeld, Electrodynamics (volume three of his Lectures on Theoretical
Physics, tr. Edward Ramberg) (New York: Academic Press, 1952), 311.

In a September 1900 letter to Marie. Collected Rtpers, vol. 1, 260.

In Boltzmann's epigraphs, his rendering of Goethe's lines was, for Part I of his
treatise: "So soil ich denn mit saurem Schweiss / Euch lehren, was ich selbst nicht
weiss." For Part Il, Boltzmann wrote: "War es ein Gott, der diese Zeichen schrieb,
/ Die mit geheimnissvol) verborg'nem Trieb / Die Krafte der Natur um mich ent-
hiillen / Und mir das Herz mit stiller Freude fitllen."

There is no authoritative picture of how Goethe imagined that heavenly Sign of the
Macrocosmos, since no stage directions for it appear in the text of Eanst. But we
know at least the image that seems to have satisfied Goethe himself: in the 1790
edition of volume 7 of his writings (which included Eanst), he commissioned as a
frontispiece a version of an etching by Rembrandt that historically was known as
representing "Dr. Faust,” named after the original sixteenth-century legendary
figure (as shown in Figure 3).

Max Planck, "Die Einheit des physikalischen Weltbildes," in his Vortrage and
Erinnernngen (Darmstadt: Wissenschaftliche Buchgesellschaft, 1970), 28-31.
David Cassidy, Einstein and Onr World (Atlantic Highlands, N.J.: Humanities
Press, 1995), 14.

Anne Harrington, ReencEanted .Science: Holism in German Cnltnre /fom WilBelm
El to Hitler (Princeton, N.J.: Princeton University Press, 1996), 3, 10.

See, for example, Peter Galison and David J. Stump, eds., TBe Disunity o/Science:
Bonndaries, Contexts, and Power (Stanford, Calif.: Stanford University Press,
1996), and lan Hacking, "Disunited Sciences," in Richard Q. Elvee, ed., TBe End
0" Science? Attach and De/ense (Nobel Conference XXV; St. Peter, Minn.: Gusta-
vus Adolphus College, 1992), 33-32.

Henry Adams, TBe Education o™ Henry Adams: An AntoBiograpBy (Boston:
Houghton Mifflin, 1918).






PARTI
Einstein and the culture of science






1

Thematic presuppositions
and the direction of scientific advance

On June 10,1933, Albert Einstein delivered the Herbert Spencer Lecture
at the University of Oxford. By that time he was a man without a coun-
try, passing through that haven as a refugee from Fascism, as so many
others, illustrious or unknown, were to do after him. Like them, he
retained a warm and thankful memory of the hospitality here. We may
assume that he took special care in preparing the lecture. Philipp Frank,
his biographer and colleague, called it the "finest formulation of his
views on the nature of a physical theory.™

The published version™ has been rarely analyzed or even adequately
understood. Now that we have access to so many more of Einstein's
published and unpublished documents, his essay turns out to be a very
appropriate entry for a study of scientific explanation, both of Einstein's
own contribution to the subject and of more recent approaches.

Einstein's choice of "the method of theoretical physics™ as his topic was
by no means casual, fn fact, for much of his life he seems to have been
almost obsessed by the need to explain what he called his epistemologi-
cal credo. From about 1911 to the end, he wrote on it again and again,
almost as frequently as on physics itself. On occasions great and small, he
reverted to his self-appointed task in his remarkably consistent way -
with the single-minded patience of a hedgehog, and the glorious stub-
bornness that characterized him from his boyhood on.

His home-made philosophical system of the practicing scientist, of
which he wrote so often, seemed to his philosophical commentators
something of a house of cards too, a patchwork of pages from Hume,
Kant, Ernst Mach, Henri Poincare, and many others. Indeed, Einstein

3



4 Emstcm QvMy o/science

himself cheerfully acknowledged once that he might appear "as a type of
unscrupulous opportunist,” appearing by turns as a reatist, idealist, posi-
tivist, or even Platonist or Pythagorian. Yet the method he preached and
practiced turned out to be remarkably robust. Many of today's physi-
cists, without knowing its origin, have adopted a style of attempting
fundamental and daring advances that owes a great deal to Einstein's
credo, even as Einstein's dream of finding a unification of the forces of
nature has, in its modern form, turned out to be the stuff of which Nobel
prizes are made.

In his own day, however, Einstein had good reason to suspect that
few physicists and philosophers understood what he was saying about
scientific methodology, or even could describe clearly what they them-
selves were doing. And so, rather like Galileo, he took his epistemological
message to the wider public. He opened the formal part of his Herbert
Spencer lecture with the famous sentence: "If you want to find out any-
thing from the theoretical physicists about the methods they use, 1 advise
you to stick closely to one principle: don't listen to their words, fix your
attention on their deeds.”

Here he objects to scientists who speak about the products of their
imaginations as if these were "necessary and natural” - not "creations of
thought™ but "given realities.” To expose their mistake, he invites us to
pay "special attention to the relation between the content of a theory™ on
the one hand, and "the totality of empirical facts" on the other. These
constitute the two "components of our knowledge,” the "rational™ and
the "empirical”; these two components are "inseparable™; but they stand
also, Einstein warns, in "eternal antithesis."

To support this conception, Einstein now gives a very brief sketch of a
dichotomy built into Western science. The Greek philosopher-scientists
provided the necessary confidence for the achievements of the human in-
tellect by introducing into Western thought the "miracle of the logical
system," which, as in Euclid's geometry, "proceeds from step to step with
such precision that every single one of its propositions was absolutely
indubitable.” But "propositions arrived at by purely logical means are
completely empty as regards reality™; “through purely logical thinking
We can attain no knowledge whatsoever of the empirical world." Einstein
tells us that it required the seventeenth-century scientists to show that
scientific knowledge "starts from experience and ends with it."

It seems therefore that we are left with a thoroughly dualistic method
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for doing science: on the one hand, Einstein says, “the structure of the
system is the work of reason"; on the other hand, "the empiricai contents
and their mutual retations must find their representation in the conclu-
sions of the theory." Indeed, virtually all of Einstein's commentators have
followed him in stressing this dualism - and leaving it at that. For exam-
ple, F.S.C. Northrop summarized the main content of Einstein's Oxford
lecture in these words: An "analysis of Einstein's conception of science
shows that scientific concepts have two sources for their meanings: The
one source isempirical, ft gives concepts which are particulars, nominal-
istic in character. The other source is formal, mathematical and theoreti-
cal. It gives concepts which are universal, since they derive their meaning
by postulation from postulates which are universal propositions.”

This isa view of science (even of Einstein's science) of which there are
many versions and variants. | would call it a two-dimensional view. It
can be defended, up to a point. All philosophies of science agree on the
meaningfulness of two types of statements, namely propositions con-
cerning empirical matters that ultimately boil down to meter readings
and other public phenomena, and propositions concerning logic and
mathematics that ultimately boil down to tautologies. The first of these,
the propositions concerning empirical matters of fact, can in principle
be rendered in protocol sentences in ordinary language that command
the general assent of a scientific community; | like to call these the
p/yenomemc proposfpows. The second type of propositions, meaningful
in so far as they are consistent within the system of accepted axioms, can
be called gHa/yPc proposihoMS. As a mnemonic device, and also to do
justice to Einstein's warning about the "eternally antithetical" nature of
these propositions, one may imagine them as lying on a set of orthogonal
axes, representing the two dimensions of a plane within which scientific
discourse usually takes place. Ascientific statement, in this view, is there-
fore analogous to an element of area in the plane, and the projections of
it onto the axes are the aspects of the statement that can be rendered,
respectively, as protocol of observation (e.g., "the needle swings to the
left") and as protocol of calculation (e.g., "use vector calculus, not
scalars™).

Now it is the claim of most modern philosophies of science which
trace their roots to empiricism or positivism, that any scientific statement
has "meaning"” only in so far as it can be shown to have phenomenic
and/or analytic components in this plane. And indeed, in the past, this
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Procrustean criterion has amputated from science its innate properties,
occutt principles, and all kinds of tantalizing questions for which the
consensual mechanism could not provide sufficiently satisfying answers.
Agood argument can be made that the silent but general agreement to
keep the discourse consciously in the phenomenic-analytic plane where
statements can be shared and publicly verified or falsified isa main reason
why science has been able to grow so rapidly in modern times. The same
approach also characterizes the way science is taught in most classrooms
and is "rationalized" in most of the current epistemological discussions.

ProE/ews /or fEe two-dimension#/ Hew

Nevertheless, this two-dimensional view has its costs. It overlooks or
denies the existence of active mechanisms at work in the day-to-day ex-
perience of those who are actually engaged in the pursuit of science; and
it is of little help in handling questions every historian of science has to
face consciously, even if the working scientist, happily, does not. To illus-
trate, let me mention two such puzzles. Both have to do with the direc-
tion of scientific advance, and both will seem more amenable to solution
once the dualistic view is modified.

i. If sound discourse is directed entirely by the dictates of logic and
of empirical findings, why is science not one great totalitarian engine,
taking everyone relentlessly to the same inevitable goal? The laws of
reason, the phenomena of physics, and the human skills to deal with both
are presumably distributed equally over much of the globe; and yet the
story of, say, the reception of Einstein's theories is strikingly different in
Germany and England, in France and the United States. On the level of
person#/ choice of a research topic, why were some of Einstein's contem-
poraries so fatally attracted to ether-drift experiments, whereas he him-
self, as he put it to his friend de Haas, thought it as silly and doomed to
failure as trying to study dreams in order to prove the existence of ghosts?
As to skills for navigating in the two-dimensional plane, Einstein and
Bohr were rather well matched, as were Schrodinger and Heisenberg.
And yet there were fundamental antagonisms in terms of programs,
tastes, and beliefs, with occasional passionate outbursts between scien-
tific opponents.

Or, again, how to understand the great variety of different personal
styles? The physicist Edwin C. Kemble described his typical mode of
work, with some regret, as the building of a heavy cantilevered bridge,
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each piece painstakingiy anchored on a well-secured base. Robert Op-
penheimer, on the other hand, one might think of as a spider building a
web; individual extensions were achieved by daring leaps, and the re-
sulting structures were intricate and shimmering with beauty, but per-
haps a bit fragile. Enrico Fermi, whom many regard as the inventor of
teamwork in modern physics, ran his laboratory like a father who had
assembled around himself a group of very bright offspring.

And then there is the scientist who moves through his problem-area
alone, as the fur trapper did through Indian territory. Bernard DeVoto
described it in his book Across  wide Missouri. The trapper "not only
worked in the wilderness. He also lived there. And he did so from sun to
sun by the exercise of total skill." Learning how to read formal signs was
of course essential to him, but more important was

the interpretation of observed circumstances too minute to be
called signs. A branch floats down a stream - is this natural,
or the work of animals, or of Indians or trappers? Another
branch or a bush or even a pebble is out of place - why?. ..
Buffalo are moving down wind, an elk is in an unlikely place
or posture, too many magpies are hollering, a wolf's howl is
off key - what does it mean?

What indeed does all this variety of scientific styles mean? If science
mere two-dimensional, the work in a given field would be governed
by a rigid, uniform tradition or paradigm. But the easily documented
existence of pluralism at all times points to the fatal flaw in the two-
dimensional model.

z. A second question that escapes the simple model, and to which |
have devoted a number of case studies in recent years, is this: why are
many scientists, particularly in the nascent phase of their work, willing
to hold firmly, and sometimes at great risk, to a form of “suspension of
disbelief" about the possibility of falsification? Moreover, why do they
do so sometimes without having any empirical evidence on their side, or
even in the face of disconfirming evidence?

Among countless examples of this sort, Max Planck, responsible for
the idea of the quantum but one of the most outspoken opponents of its
corpuscular implications, cried out as late as May 192.7, "Must we really
ascribe to the light quanta a physical reality?" - and this four years after
the publication and verification of Arthur H. Compton'’s findings. On the
other hand, when it came to explaining the electron in terms of what
Planck called "vibrations of a standing wave in a continuous medium,”
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along the lines proposed by de Broglie and Schrodinger, Planck gladly
accepted the idea and added that these principles have "already [been]
established on a solid foundation™ - and all that before Planck had heard
of any experimental evidence along the lines provided by Davisson and
Germer/

"I do wot JoMbt  %0//...""

Einstein was even more daring. As | have documented elsewhere/ im-
mediately after the publication of his 190$ relativity paper there was
published what purported to be an unambiguous experimental disproof
of it. The young man remained unperturbed. Later, when the gravita-
tional red shift, predicted by general relativity theory for the spectral lines
from stars with large masses, turned out to be very difficult to test,
and the experimental results were neither systematic nor of the predicted
amount, Einstein again simply waited it out. To Max Born he wrote
later that, even in the absence of all three of the originally expected
observable consequences of general relativity, his central gravitation
equations “would still be convincing," and that in any case he deplored
that "human beings are normally deaf to the strongest [favourable]
arguments, while they are always inclined to overestimate measuring
accuracies."

To be sure, if one looks hard, one can find in Einstein's voluminous
writings a small number of statements of the opposite kind. An exam-
ple of this sort, written shortly after the triumphant announcement of
Eddington's results late in 1919, is one sentence in the 1920 edition of
Einstein's popular exposition, RebrPPity, tbespend/ and gewcM theory:
"If the red shift of spectral lines due to the gravitational potential should
not exist, then the general theory of relativity will be untenable.” Sir Karl
Popper, in his recent Autobiography, indicates that his own falsifiability
criterion owed at its origin much to what he perceived to be Einstein's
example, and he cites this specific sentence, which he says he read with
profound effect when he was still in his teens.

Those of us who have admired Sir Karl's work can only be grateful
that he came upon Einstein's sentence in the 1970 edition that helped set
him on his path. In its earlier editions and frequent printings of 1917,
1918, and 1919, Einstein's book had ended very differently. There, Ein-
stein acknowledged that his general relativity theory so far had had only
one observable consequence, the precession of the orbit of Mercury,
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whereas the predicted bending of tight and of the red shift of spectra)
)ines owing to the gravitationa) potential were too small to be then ob-
served. Nevertheless, Einstein drew this conclusion, in a sentence with
which he ended his book in its first fifteen printings: "I do not doubt
at all that these consequences of the theory will also find their con-
firmation."”

Suspension o/ disfic/ie/

To illustrate that Einstein is not so different from other scientists when it
comes to the willingness to suspend disbelief, it will be worth making
an excursion to note how an experimentalist of great skill went about
his business in much the same way, but in the privacy of his laboratory.
Some time ago f came across laboratory notebooks of R. A Millikan for
1911-11 that contained the raw data from which he derived his measured
value of the basic unit of electric charge, the electron* Millikan's earlier
attempts in this direction had been quite vulnerable and had come under
bitter attack from a group of research physicists at the University of
Vienna, chiefly Felix Ehrenhaft, who believed not in a unitary but in a
divisible electron, in subelectrons carrying charges such as one-fifth, one-
tenth, or even less of the ordinary electron. Now, in gearing up his re-
sponse, Millikan had two strong supports for his counterattack. One was
his unflagging preconception that there is only one "electrical particle
or atom," as he put it, a doctrine he believed to have been proposed first
and convincingly by Benjamin Franklin. His other support was the kind
of superb skill described in the passage quoted from Bernard DeVoto's
book.

Millikan's publication came in the August 1913 issue of the Pfiysicr/
Reidem, and effectively ended the scientific portion of the controversy. It
contains data for 38 different oil drops on which he has measured the
electric charge. He assures his readers, in italics: "ft ;s to fie rewarded,
too, tfiat tfus is not se/ected group of drops, fmt represents a// of tPe
drops experimented on during do consecutive days.” Four years later, in
his book T/ie e/ectron, Millikan repeats this passage, and all the data
from the 1913 paper, and he adds for extra emphasis: "These [38] drops
represent all of those studied for 60 consecutive days, no single one being
omitted."

At the Millikan Archive of the California Institute of Technology,
the laboratory notebooks are kept from which the published data were
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derived. If we pur our eye to that keyhole in the service of the ethology
of science, we find there were really 140 identifiable runs, made over
a period of six months, starting in October 1911. Anyone who has
done research work in a laboratory cannot help but be impressed by the
way Millikan handles his data, and by the power of a presupposition
shrewdly used.

To prepare for the proof from Millikan's laboratory records, let me
remind you of the chief point of Millikan's oil drop experiment. In a
simplified form that nevertheless retains the scientific essentials as well as
its beauty and ingenuity, it is now a standard exercise in the repertoire of
school physics. A microscopic oii droplet is timed as it falls through a
fixed distance in the view field. It wilt have some net electric charge to
begin with, if only owing to the friction that acted on it when it was
initially formed and expelled from the vaporizer. Other electric charges
may be picked up from time to time as the droplet encounters ionized
molecules in the gas through which it falls. Neither of these charges
influences the droplet's motion, so long as it fails freeiy in the gravita-
tional field. But when an eiectric held of the right sign and magnitude is
suddenly applied, the drop will reverse its course and will rise the more
rapidly the larger the electric charge on it. Comparing the times taken for
falling and subsequent rising allows one to calculate the net charge owing
to friction on the drop, while comparing the times for alternate
risings yields the net charge owing to the encounter with gas ions,

As one watches the same droplet over a long time, through its many up
and down excursions, one can accumulate a large number of values for

and /\,,n- Now the fundamental assumption Millikan makes through-
out his work isthat <fjaswell as  are always some integral multiple
of a unit charge equal in magnitude to the charge of the electron, e.
Conversely, from the full set of data, he can determine the magnitude
of ewhich iscommon to all of the values obtained for <*and both
being assumed to be always equal to 1, or z, or 3, ... Xe. These
assumptions become plausible when the scatter of values for e turns out
to be small when computed from either < or <i,n- and when the mean
values of e, so differently based, are nevertheless closely equal for a given
droplet.

This is just what happens for the 38 "'runs" or droplets discussed in the
published (August 1913) paper of Millikan. One of the runs he had made
on the Ides of March 191z and recorded in Millikan's laboratory note-
book; is typical. The difference between the values of e, computed on the
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two different bases, is only about 0.i percent, and not far from the limits
set by the apparatus itself. The page on which both the data and the
calculations appear records MiHikan's exuberance and pleasure in the
lower left corner: ""Beauty. PNE/EE this surely,

Millikan continued immediately to take data on another oil droplet,
entering the data on the next page. This time things did not go well. It
was now a heavier drop, hence its time of fall was shorter. The numbers
of charges it picked up as it went along were not greatly different, and it
did not stay in view as long as one would have liked. Now the difference
between the average values of e, calculated from  and respectively,
were i percent apart, instead of o.i percent. So Millikan notes in his
private laboratory book on that page: ""Error EigE will not use,” - and
indeed it does not appear among the $8 droplets that made it into the
published paper. From MiHikan's point of view, it was a failed run, or, in
effect, no run at all. The magnitude of the difference in the values of e
obtained in those two ways was awkwardly large, although not so sur-
prising as to threaten MiHikan's fundamental assumptions. Instead of
wasting time, he simply went on to a next set of readings, using another
droplet.

But the discarded set of observations - and many others like it in the
same laboratory notebook - would have appeared very differently if
examined from another set of presuppositions. Thus, the discarded en-
tries make sense if one assumes that the smallest charge involved in the ail
drop experiment is not e, but, say, e In that case, the number of
charges on a given droplet would not have been in succession, 11,13, and
14, as Millikan had to assume, but could have been 109, 129, and 139;
and correspondingly, the difference between the (now smaller) elemen-
tary charges obtained in the two ways would be of the order of 0.1 per-
cent, instead of MiHikan's 1 percent. The "high™ error was first of all a
judgment stemming from MiHikan's presupposition that the smallest
charge in nature could not be a fraction of the charge of the electrone. To
be sure, it was a presupposition supported (although more indirectly) by
arguments in many other branches of physics.

MiHikan's decisions seem to us now eminently sensible; but the chief
point of the story is that, in 1912, MiHikan's assumption of the unitary
nature of the electric charge was by no means the only one that could be
made. On the contrary, a chief reason for his work at the time was to
perfect his method and support his claim against the constant onslaught
of Felix Ehrenhaft and his associates who, for a couple of years, had been
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pubfishing experiments in support of their own, precisely opposite pre-
supposition, namefy, in favour of the existence of snEefectrons.

ft is afso part of the historicaf setting that, at the time, Miffikan
was reaffy just beginning befatedfy on his career as a research physicist,
whereas Ehrenhaft - at avenerable and much better equipped university
- had begun to be widefy recognized and rewarded years earfier as a fast-
rising star in experimentaf physics, ft was onfy after fosing the argument
with Miffikan, and probabfy as a resuft of it, that he began a rapid
decfine as a scientist. When Miffikan was doing his experiments, the
matter was stiff in the bafance. ff Ehrenhaft had had access to Miffikan's
notebook, he woufd have found precisefy those runs most vafuabfe for
his purposes which, for Miffikan, were "faifed."

Conversefy, Miffikan's own presupposition hefped him to identify dif-
ftcufties of the usuaf experimentaf nature which he did not feef were
worth foffowing up. For many of those he entered a pfausibifity argu-
ment on the spot (e.g., that the battery voftages must have changed,
convection interfered, the stop-watch might be in error). The faboratory
notebooks record Miffikan's frank comments in such cases. The most
reveafingof the fot - reveafing both of Miffikan's insights that dust par-
ticfes might intrude in the observation chamber, and of the wiffingness to
take risks on behaff of his presupposition - is a marginaf note entered for
a fong run that yiefded a vafue of e far outside the expected fimit of error:
"e =. .. which means that this coufd not have been an oif drop."

Like the trapper in Indian country, he was advancing on dangerous
territory, but with a framework of befiefs and assumptions within which
judgments are possibfe. The chief gain was the avoidance of costfy inter-
ruptions and defays that woufd have been required to pin down the exact
causes of discrepant observations. Obviousfy, this is not a method we
recommend to our beginning students. But obviousfy afso, any discus-
sion of the advance of science that does not recognize the rote of the
suspension of dishefief at cruciaf points is not true to the activity.™

TonwJ a tEird mecEnnisnr

Einstein woufd not have been surprised by Miffikan's notebook. Perhaps
because of his experience with the reception of his speciaf theory of refa-
tivity, he took a dim view of new experiments that, tike Ehrenhaft's,
made strong cfaims not expfainabfe in terms of theoretical systems which
embrace a greater complex of phenomena. Very earfy in his career, Ein-
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stein had, it seems to me, formed a clear view about the basic structure of
nature: at the top there is a small number of eternal, general principles
or laws by which nature operates. These are not easy to find - partly
because God is subtle, and partly because they do not stop at the bound-
aries between fields that happen to be occupied by different theories.

Below this upper layer of a few grand laws lies a layer of experimental
facts - not the latest news from the laboratory, but hard-won, well-
established, aged-in-the-bottle results, many going back to Faraday and
Fresnel, and now indubitable. These experiences or key phenomena are
the necessary consequences of the visible compliance with the general
laws.

But between these two solid levels is the uncertain and shifting region
of concepts, theories, and recent findings. They deserve to be looked at,
but skeptically; they are man-made, limited, fallible, and if necessary,
disposable. Einstein's attitude was perhaps best expressed in a remark
reported to me by one of his colleagues in Berlin, the physical chemist
Hermann F. Mark: "Einstein once told me in the lab: "You make experi-
ments and | make theories. Do you know the difference? A theory
is something nobody believes except the person who made it, while
an experiment is something everybody believes except the person who
made it."

What, then, must one conclude from the fatal predisposition for the
ether on the part of Lorentz, Poincare, and Abraham; Max Planck’s pre-
disposition for the continuum and against discreteness; Robert Millikan's
predisposition for a discrete rather than a divisible electron; Einstein's
predisposition for a theory that encompasses a wide rather than a narrow
range of phenomena - all in the face of clear and sometimes overwhelm-
ing difficulties? These cases - which can be matched and extended over
and over again - show that some t/urd is at work here, in
addition to the phenomenic and analytical. And we can find it right in
Einstein's lecture on the method of theoretical physics: The two-dimen-
sional model in it, which first strikes the eye, gives way on closer exami-
nation to a more sophisticated and appropriate one. In addition to the
two inseparable but antithetical components there is indeed a third - not
as clearly articulated here as in some others of Einstein's essays, but
present nevertheless. The arguments for it Boat above the plane bounded
by the empirical and logical components of the theory.

Einstein launches on it by reminding his audience, as he often did,
that the previously mentioned phenomenic-analytic dichotomy prevents
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the principles of a theory from being "deduced from experience” by
"abstraction” - that is to say, by logical means. "In the logical sense
[the fundamenta! concepts and postulates of physics are] free inventions
of the human mind,” and in that sense different from the unalterable
Kantian categories. He repeats more than once that the "fundamental of
scientific theory" are of "pureiy fictitious character." " As he puts it soon
afterwards, in the essay "Physics and reality” (1936),” the relation be-
tween sense experience and concept "is anaiogous not to that of soup to
beef, but rather to that of check number to overcoat.” The essentia!
arbitrariness of reference, Einstein explains in the Spencer Lecture, "is
perfectly evident from the fact that one can point to two essentially dif-
ferent foundations” - the general theory of relativity, and Newtonian
physics - "both of which correspond with experience to a large extent" -
namely, with much of mechanics. The elementary experiences do not
provide a logical bridge to the basic concepts and postulates of mechan-
ics. Rather, "the axiomatic basis of theoretical physics ... must be freely
invented.”

But if this is true, an obvious and terrifying problem arises, and Ein-
stein spells it out. He writes: How "can we ever hope to find the right
way? Nay, more, has this right way an existence outside our illusions?
Can we hope to be guided safely by experience at all when there exist
theories such as classical mechanics, which do justice to experience to a
large extent, but without grasping the matter in a fundamental way?"

Wk have now left the earlier, confident portion of Einstein's lecture
far behind. The question raises itself whether the activities of scientists
can ever hope to be cumulative, or whether we must stagger from one
fashion, conversion, or revolution to the next, in a kind of perpetual,
senseless Brownian motion, without direction or te/os.

At that point, Einstein states his clear conviction: "I answer with full
confidence that there is, in my opinion, a right way, and that we are
capable of finding it." Here, Einstein goes suddenly beyond his earlier
categories of empirical and logical efHcacy and offers us a whole set of
selection rules with which, as with a good map and compass, that "“right
way" may be found. Here, there, everywhere, guiding concepts emerge
and beckon from above the previously defined plane to point us on the
right path.

The first directing principle Einstein mentions is his belief in the
efficacy of formal structures: The "creative principle resides in mathe-
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matics" - not, for example, in mechanical models. On the next page,
there unfolds itself a veritable hymn to the guiding concept of simplicity.
Einstein calls it "the Principle of searching for the mathematically sim-
plest concepts and their connections,” and he cheers us on our way with
many examples of how effective it has already proved to be: "If I assume
a Riemannian metric [in the four-dimensional continuum] and ask what
are the simp/est laws which such a metric can satisfy, | arrive at the
relativistic theory of gravitation in empty space. If in that space | assume
a vector held or anti-symmetrical tensor held which can be derived from
it, and ask what are the simplest laws which such a held can satisfy, |
arrive at Maxwell's equations for empty space™; and so on, collecting
victories everywhere under the banner of simplicity.

And over there, at the bottom of another page, we hnd two other
guiding concepts in tight embrace: the concept of parsimony, or econ-
omy, and that of unihcation. As science progresses, Einstein tells us, "the
logical edihce" is more and more "unified,” the "smaller the number [is]
of logically independent conceptual elements which are found necessary
to support the whole structure.” Higher up on that same page, we en-
counter nothing less than "the noblest aim of all theory,” which is "to
make these irreducible elements as simple and as few in number as is
possible, without having to renounce the adequate representation of any
empirical content.”

Yet another guiding concept given in Einstein's lecture concerns the
coHUMVH, the field. From 1905 on, when the introduction of disconti-
nuity in the form of the light quantum forced itself on Einstein as a
"heuristic” and therefore not fundamental point of view, he clung to the
hope and program to keep the continuum as a fundamental conception,
and he defended it with enthusiasm in his correspondence. It was part of
what he called his "Maxwellian program" to fashion a unified held
theory. Atomistic discreteness and all it entails was not the solution but
rather the problem. So here, in his 1933 lecture, he again considers the
conception of "the atomic structure of matter and energy” to be the
"great stumbling block™ for a unified held theory.

One cannot, he thought, settle for this basic duality in nature, giving
equal status both to the held and to its antithesis. Of course, neither logic
nor experience forbade it. Yet it was almost unthinkable. As he once
wrote to his old friend Michele Besso, "I concede . . . that it is quite
possible that physics might not, finally, be founded on the concept of
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field - that is to say, on continuous elements. But then out of my whole
castle in the air - including the theory of gravitation and most of current
physics - there would remain almost nothing."”

We have by no means come to the end of the list of presuppositions
which guided Einstein. But it is worth pausing to note how plainly he
seemed to have been aware of their operation in his scientific work. In
this too he was rare. Sir Isaiah Berlin, in his book Concepts nnJ cate-
gories [p.159], remarked: "The first step to the understanding of men is
the bringing to consciousness of the model or models that dominate and
penetrate their thought and action. Like all attempts to make men aware
of the categories in which they think, it is a difficult and sometimes
painful activity, likely to produce deeply disquieting results.” *This is
generally true; but it was not for Einstein. There are surely at least two
reasons for that. It was, after all, Einstein who realized the "arbitrary
character” of what had for so long been accepted as "the axiom of the
absolute character of time, viz., of simultaneity [which] unrecognizedly
was anchored in the unconscious,” as he put it in his "Autobiographical
notes.” "Clearly to recognize this axiom and its arbitrary character really
implies already the solution of the problem.”  (Giving up an explicitly
or implicitly held presupposition has indeed often had the characteristic
of the great sacrificial act of modern science; we find in the writings of
Kepler, Planck, Bohr, and Heisenberg that such an act is a climax of a
period that in retrospect is characterized by the word "despair.™)

Having recognized and overcome the negative, or enslaving, role of
presuppositions, Einstein also saw their positive, emancipating potential.
In one of his early essays on epistemology (“'Induction and deduction in
physics,” 1919), he wrote:

Aquick look at the actual development teaches us that the
great steps forward in scientific knowledge originated only to a
small degree in this [inductive] manner. For if the researcher
went about his work without any preconceived opinion, how
should he be able at all to select out those facts from the im-
mense abundance of the most complex experience, and just
those which are simple enough to permit lawful connections
and become evident?

In essay after essay, Einstein tried to draw attention to this point of
view, despite - or because of - the fact that he was making very few
converts. The Herbert Spencer lecture can be seen as part of that mission.
A decade and a half later, in his "Reply to criticisms," we see him con-
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tinuing in this vein. Thus, he acknowledges that the distinction between
"'sense impressions” on the one hand, and "mere ideas™ on the other, isa
basic conceptual tool for which he can adduce no convincing evidence.
Yet he needs this distinction. His solution is simply to announce, "we
regard the distinction as a category which we use in order that we might
the better find our way in the world of immediate sensation.” As with
other conceptual distinctions for which “there is also no logical-philo-
sophical justification,” one has to accept it as “the presupposition of
every kind of physical thinking," mindful that "the only justification lies
in its usefulness. We are here concerned with 'categories’ or schemes of
thought, the selection of which is, in principle, entirely open to us and
whose qualification can only be judged by the degree to which its use
contributes to making the totality [sic] of the contents of consciousness
'intelligible.™ Finally, he curtly dismisses an implied attack on these
"'categories” or "free conventions™ with the remark that *Thinking with-
out the positing of categories and of concepts in general would be as
impossible as is breathing in a vacuum."

TFe dimension

His remarkable self-consciousness concerning his fundamental presup-
positions throughout his scientific and epistemological writings allows
one to assemble a list of about ten chief presuppositions underlying Ein-
stein's theory construction. Examples are symmetry (as long as possible);
simplicity; causality (in essentially the Newtonian sense); completeness
and exhaustiveness; continuum; and invariance. (We shall elaborate on
this point in Chapter z.)

To these ideas, Einstein was obstinately devoted. Guided by them he
would continue his work in a given direction even when tests against
experience were difficult or unavailable. Conversely, he refused to accept
theories well supported by the phenomena but, as in the case of Bohr's
quantum mechanics, based on presuppositions opposite to his own.
Much the same can be said of most of the major scientists whom f have
studied. Each has his own, sometimes idiosyncratic map of fundamental
guiding notions - from Johannes Kepler to our own contemporaries.

With this finding, we must now reexamine the mnemonic device of
the two-dimensional plane, fremove its insufficiency by defining a third
axis, rising perpendicularly out of it. This is the dimension orthogonal to
and not resolvable into the phenomenic or analytic axes. Along it are
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located those fundamental presuppositions, often stable, many widely
shared, that show up in the motivation of the scientist's actual work, as
well as in the end-product for which he strives. Decisions between them,
insofar as they are consciously made, are judgmental (rather than, as
in the phenomenic-analytic plane, capable in principle of algorithmic
decidability). Since they are not directly derivable either from observation
or from analytic ratiocination, they require a term of their own. 1 call
them t"emnL? (singular t*emn, from the Greek Qepa, that which is laid
down, proposition, primary word).

On this view - and again purely as a mnemonic device - a scientific
statement is no longer, as it were, an element of area on the two-
dimensional plane but a volume-element, an entity in three-dimensional
space, with components along each of the three orthogonal (phenome-
nic, analytic, and thematic) axes. The projection of the entity down
upon the two-dimensional place continues to have the useful roles 1
stressed earlier; but for our analysis it is also necessary to consider the line
element projected onto the third axis, the dimension on which one may
imagine the range of themata to be entered. The statements of differing
scientists are therefore like two volume-elements that do not completely
overlap, but have some differences in their projections.

The scientist is generally not, and need not be, conscious of the the-
mata he uses, but the historian of science can chart the growth of a given
thema in the work of an individual scientist over time, and show its
power upon his scientific imagination. Thematic analysis, then, is in the
first instance the identification of the particular map of themata which,
like the lines in a fingerprint, can characterize a scientist or a part of the
scientific community at a given time.

Most of the themata are ancient and long lived; many come in op-
posing dyads or triads that show up most strikingly during a conflict
between individuals or groups that base their work on opposing themata.
I have been impressed by the small number of thematic couples or triads;
perhaps some $o have sufficed us throughout the history of the physical
sciences: and of course | have been interested to see that, cautiously,
thematic analysis of the same sort has begun to be brought to bear on
significant cases in other fields.

With this conceptual tool we can return to some of the puzzles we
mentioned earlier. Let me point out two. If, as Einstein claimed, the
principles are indeed free inventions of the human mind, there should be
an infinite set of possible axiom systems to which one could leap or
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cleave. Virtually every one of these would ordinarily be useless for con-
structing theories. How then could there be any hope of success, except
by chance? The answer must be that the license implied in the leap to
an axiom system of theoretical physics by the freely inventing mind is
the freedom to make such a leap, but not the freedom to make <3y

The freedom is narrowly circumscribed by a scientist's
particular set of themata that provide constraints shaping the style, direc-
tion, and rate of advance of the engagement on novel ground. And inso-
far as the individual maps of themata overlap, the so-called progress of
the scientific community as a group is similarly constrained or directed.
Otherwise, the inherently anarchic connotations of "freedom™ could in-
deed disperse the total effort. D. Mendeleev wrote: "Since the scientific
world view changes drastically not only from one period to another but
also from one person to another, it is an expression of creativity.... Each
scientist endeavors to translate the world view of the school he belongs to
into an indisputable principle of science.” However, in practice there is
far more coherence than this implies, and we shall presently look more
closely at the mechanism responsible for it.

A second puzzle was where the conceptual and even emotional sup-
port comes from which, for better or worse, stabilizes the individual
scientist's risky speculations and confident suspensions of disbelief dur-
ing the nascent phase. In case after case, as in the example of Millikan,
we see that choices of this sort are made often on thematic grounds.
Millikan was devoted to the atomistic view of electricity from the be-
ginning, while his chief opponent, probably under the influence of Ernst
Mach and his school, came to look for precisely the opposite evidence,
for example, subelectrons that in principle have no lower limit of charge
at all. Similarly, Einstein and his opponents such as Kaufmann were
divided sharply on the explanatory value of a plenum (ether), and on the
range of fundamental laws across the separate branches of physics.

' Tg loMVMIOVERGHHEH

But of all the problems that invite attention with these tools, the most
fruitful isa return visit to that mysterious place, early in Einstein's 1933
lecture, where he speaks of the need to pay "special attention to the
relations between the content of the theory and the totality of empirical
fact (Gesgwrt/ygit Jer The fofa/ity of empirical
fact! ft is a phrase that recurs in his writings, and indicates the sweep of
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his conscious ambition. But it does even more: it lays bare the most
daring of all the themata of science and points to the holistic drive be-
hind "scientific progress."”

Einstein explicitly and frankly hoped for a theory that would ulti-
mately be utterly comprehensive and completely unified. This vision
drove him on from the special to the general theory, and then to the
unified held theory. In one of his letters to his biographer, Carl Seelig,
Einstein likened his progress to the construction of an architectonic entity
through three stages of development. Each stage is characterized by the
adoption of a "limitingprinciple,” a formal condition which restricts the
choice of possible theories. For example, in going from special to general
relativity theory, Einstein had to accept, from 1912. on, that physical sig-
nificance attaches not to the differentials of the space-time coordinates
themselves, as the strict operationalists would insist, "but only to the
Riemannian metric corresponding to them." This entailed Einstein's re-
luctant sacrifice of the primacy of direct sense perception in constructing
a physically significant system; but otherwise he would have had to give
up hope of finding unity at the base of physical theory.

The search for one grand architectonic structure is of course an ancient
dream. At its worst, it has sometimes produced authoritarian visions
which are as empty in science as their equivalent is dangerous in politics.
At its best, it has propelled the drive to the various grand syntheses that
rise above the more monotonous landscape of analytic science. This has
been the case in the last decades in the physical sciences. Today's tri-
umphant purveyors of the promise that all the forces of physics will
eventually melt down to one, who in the titles of their publications use
the term "The Grand Unification,” are in a real sense the successful
children of those earliest synthesis-seekers of physical phenomena, the
lonian philosophers.

To be sure, as Sir Isaiah warned in Concepts %nd categories, there is
the danger of a trap. He has christened it the “lonian Fallacy,” defined as
the search, from Avristotle to Bertrand Russell and our day, for the ulti-
mate constituents of the world in some nonempirical sense. Superficially,
the synthesis-seekers of physics, particularly in their monistic exhorta-
tions, appear to have fallen into that trap - from Copernicus, who con-
fessed that the chief point of his work was to perceive nothing less than
"the structure of the universe and the true symmetry of its parts,” " to
Einstein's contemporaries such as Max Planck, who exclaimed in 191$
that "physical research cannot rest so long as mechanics and electro-
dynamics have not been welded together with thermodynamics and heat
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radiation,"" to today's theorists who, in their more popular presen-
tations, seem to imitate Thales himself and announce that one entity
explains all.

A chief point in my view of science is that scientists, insofar as they
are successful, are in practice rescued from the fallacy hy the mMitip/icity
o/ themata, %awva/hp/why which gwes them the “exihihty that an
aathoritariaw research program hai/t or; a sirtg/e thema woa/d /ach. |
shall develop this, but 1can also agree quickly that something like an
lonian Enchantment, the commitment to the theme of grand unification,
was upon Einstein. Once alerted, we can find it in his work from the
very beginning. In his first published paper (1901), he tries to understand
the contrary-appearing forces of capillarity and gravitation, and in each
of his next papers we find something of the same drive, which he later
called "my need to generalize." He examines whether the laws of me-
chanics provide a sufficient foundation for the general theory of heat, and
whether the fluctuation phenomena that turn up in statistical mechanics
also explain the basic behaviour of light beams and their interference,
the Brownian motion of microscopic particles in fluids, and even the
fluctuation of electric charges in conductors. And in his deepest work
of those early years, in special relativity theory, the most powerful pro-
pellant is Einstein's drive toward unification; his clear motivation is to
find a more general point of view which would subsume the seemingly
limited and contrary problems and methods of mechanics and of electro-
dynamics.

Following the same program obstinately to the end of his life, he tried
to bring together, as he had put it in 192.0, "the gravitational held and the
electromagnetic held into a unihed edifice," leaving "the whole physics"
as a "closed system of thought.” In that longing for a unihed world
picture, a structure that encompasses "“the totality of empirical facts,”
one cannot help hearing the voice of Goethe's Faust, who exclaimed
that he longed "to detect the inmost force that binds the world and
guides its course™ - or, for that matter, Newton himself, who wanted to
build a unifying structure so tight that the most minute details would
not escape it.

The aw/ied We/th;\VJ as "'sapreme tash™

In its modern form, the lonian Enchantment, expressing itself in the
search for a unifying world picture, is usually traced to Von Humboldt
and Schleiermacher, Fichte and Schelling. The influence of the "Nature
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Philosophers™ on physicists such as Hans Christian Oersted - who in
this way was directly led to the first experimental unification of elec-
tricity and magnetism - has been amply chronicled. At the end of the
nineteenth century, in the Germany of Einstein's youth, the pursuit of a
unified world picture as the scientist's highest task had become almost
a cult activity. Looking on from his side of the Channel, J. T. Merz
exclaimed in 1904 that the lives of the continental thinkers are "devoted
to the realization of some great ideal. . . . The English man of science
would reply that it is unsafe to trust exclusively to the guidance of a pure
idea, that the ideality of German research has frequently been identical
with unreality, that in no country has so much time and power been
frittered away in following phantoms, and in systematizing empty no-
tions, as in the Land of the Idea."™

Einstein himself could not easily have escaped being aware of these
drives toward unification, even as a young person. For example, we know
that as a boy he was given Ludwig Buchner's widely popular book
nnd (Energy and matter), a book Einstein often recollected having
read with great interest. The little volume does talk about energy and
matter; but chiefly it is a late-Enlightenment polemic. Buchner comes out
explicitly and enthusiastically in favor of an empirical, almost Lucretian
scientific materialism, which its author calls a "materialistic world view."
Through this world view, the author declares, one can attain "the unity
of energy and matter, and thereby banish forever the old dualism.” ~

But the books which Einstein himself credited as having been the
most influential on him in his youth were Ernst Mach's Theory
and Science o/ ntecE™nics. That author was motivated by the same
Enlightenment animus, and employed the same language. In the Science
o/ ntecEanics, Mach exclaims: "Science cannot settle for a ready-made
world view. It must work toward a future one . . . that will not come to
us as a gift. VWe must earn it! [At the end there beckons] the idea of a
unified world view, which is the only one consistent with the economy
of a healthy spirit."”

Indeed, in the early years of this century, German scientists were
thrashing about in a veritable Hood of publications that called for the
unification or reformation of the "world picture™ in the very title of their
books or essays. Max Planck and Ernst Mach carried on a bitter battle,
publishing essays directly in the PEysiEg/AcEeZedscEr;/;, with titles such
as "The unity of the physical world picture.” Friedrich Adler, one of Ein-
stein's close friends, wrote a book with the same title, attacking Planck.
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Max von Laue countered with an essay he called "The physica! world
picture.” The applied scientist Aurel Stodola, Einstein's admired older
colleague in Zurich, corresponded at length with Einstein on a book
which finally appeared under the title 722 wor/d Hew o/  engmeer.
Similarly titled works were published by other collaborators and friends
of Einstein, such as Ludwig Hopf and Philipp Frank.

Perhaps the most revealing document of this sort was the manifesto
published in 1912 in the PlyysHHAC/w on behalf the new
Gesedscfyg/f /dr posdwAdscfw PPdosopHe, composed in 1911 at the
height of the WdtMd battle between Mach and Planck. Its declared aim
was nothing less than "to develop a comprehensive \et%sso AV,
and thereby "to advance toward a noncontradictory, total conception
[GesgmtRMTassVHg]." The document was signed by, among others, Ernst
Mach, Josef Petzold, David Hilbert, Felix Klein, Georg Helm, Albert
Einstein (only just becoming more widely known at the time), and that
embattled builder of another world view, Sigmund Freud/*

It was perhaps the first time that Einstein signed a manifesto of any
sort. That it was not a casual act is clear from his subsequent, persistent
recurrence to the same theme. His most telling essay was delivered in late
1918, possibly triggered in part by the publication of Oswald Spengler's
Decl/ine o/  west, that polemic against what Spengler called “the
scientific world picture of the West." Einstein took the occasion of a
presentation he made in honour of Max Planck (in Motw des Eorsc™ews)
to lay out in detail the method of constructing a valid world picture. He
insisted that it was not only possible to form for oneself "a simplified
world picture that permits an overview [iibersichtliches Bild der Welt],"
but that it was the scientist's "supreme task." Specifically, the world
view of the theoretical physicist "deserves its proud name We/tH/d, be-
cause the general laws upon which the conceptual structure of theoretical
physics is based can assert the claim that they are valid for any natural
event whatsoever. . . . The supreme task of the physicist is therefore to
seek those most universal elementary laws from which, by pure deduc-
tion, the We/fMd may be achieved."”

There is of course no doubt that Einstein's work during those years
constituted great progress toward this self-appointed task. In the devel-
oping relativistic We/fMd, a huge portion of the world of events and
processes was being subsumed in a four-dimensional structure which
Minkowski in 1908 named simply die We/t - a Parmenidean crystal-
universe, in which changes, for example, motions, are largely suspended
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and, instead, the main themata are those of constancy and invariance,
determinism, necessity, and completeness.

Typically, it was Einstein himself who knew best and recorded fre-
quently the limitations of his work. Even as special relativity began to
make converts, he announced that the solution was quite incomplete
because it applied only to inertial systems and left out entirely the great
puzzle of gravitation. Later he worked on removing the obstinate duali-
ties, explaining for example that "measuring rods and clocks would have
to be represented as solutions of the basic equation ... not, as it were, as
theoretical self-sufficient entities.” This he called a "sin" which "one
must not legalize." The removal of the sin was part of the hoped-for
perfection of the total program, the achievement of a unified field theory
in which "the particles themselves would ei/erytcPere be describable as
singularity-free solutions of the complete field-equations. Only then
would the general theory of relativity be a complete theory."~ There-
fore, the work of finding those most general elementary laws from which
by pure deduction asingle consistent, and complete We/tMd can be won
had to continue.

There has always been a notable polarity in Einstein's thought with
respect to the completeness of the world picture he was seeking. On the
one hand he insisted from beginning to end that no single event, indi-
vidually considered, must be allowed to escape from the final grand net.
W\£ noted that in the Herbert Spencer lecture of 1933 he is concerned with
encompassing the "totality of experience,” and declared the supreme
goal of theory to be "the adequate representation of any content of
experience” (translated in the first English version of the 1933 lecture, as
delivered by Einstein, as "the adequate representation of a single datum
of experience™)." He even goes beyond that; toward the end of his lec-
ture he reiterates his old opposition to the Bohr-Born-Heisenberg view of
quantum physics, and declares "f still believe in the possibility of a mode)
of reality, that is to say a theory, which shall represent the events them-
selves [die Dfnge se/Psf] and not merely the probability of their occur-
ence." Writing three years later (Physics ~ ren/fty, 1936), he insists even
more bluntly:

But now, 1ask, does any physicist whosoever really believe that
we shall never be able to attain insight into these significant
changes of single systerms, their structure, and their causal
connections, despite the fact that these individual events have
been brought into such close proximity of experience, thanks
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to the marvellous inventions of the Wilson Chamber and the
Geiger counter? To believe this is, to be sure, logically possible
without contradiction; but it is in such lively opposition to my
scientific instinct that | cannot forgo the search for a more
complete mode of conception.®

Yet even while Einstein seemed anxious not to let a single event escape
from the final We/tMJ, he seems to have been strangely uninterested in
nuclear phenomena, that lively branch of physics which began to com-
mand great attention precisely in the years Einstein started his own re-
searches. He seems to have thought that these phenomena, in a relatively
new and untried field, would not lead to the deeper truths. And one can
well argue that he was right; not until the 1930s was there a reasonable
theory of nuclear structure, and not until after the big accelerators were
built were there adequate conceptions and equipment for the hard tests of
the theories of nuclear forces.

Einstein's persistent pursuit of fundamental theory without including
nuclear phenomena can be understood as a consequence of a suspension
of disbelief of an extraordinary sort. It is ironic that, as it turned out,
even while Einstein was trying to unify the two long-range forces (electro-
magnetism and gravitation), the nucleus was harboring two additional
fundamental forces, and moreover that after a period of neglect, the
modern unification program, two decades after Einstein's death, began
to succeed in joining one of the nuclear (relatively short-range) forces
with one of the relatively long-range forces (electromagnetism). In this
respect, the labyrinth through which the physicists have been moving
appears now to be less symmetrical than Einstein had thought it to be.

For this and similar reasons, few of today's working researchers con-
sciously identify their drive toward the "grand unification” with Ein-
stein's. Their attention is directed to the thematic differences, expressed
for example by their willingness to accept a fundamentally probabilistic
world. And yet the historian can see the profound continuity. Today, as
in Einstein's time, and indeed in that of his predecessors, the deepest aim
of fundamental research is still to achieve one logically unified and par-
simoniously constructed system of thought that will provide the con-
ceptual comprehension, as complete as humanly possible, of the scien-
tifically accessible sense experiences in their full diversity. This ambition
embodies a te/os of scientific work itself, and it has done so since the
rise of science in the Western world. Most scientists, working on small
fragments of the total structure, are as unselfconscious about their par-
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ticipation in that grand monistic task as they are about, say, their funda-
mental monotheistic assumption, carried centrally without having to be
avowed believers.®

T/7%e 2Mt;c fMMIfstn gwd tEe direction o/n&wice

Difference between some themata, and sharing of others: this formula in
brief seems to me to answer the question why the preoccupation with the
eventual achievement of one unified world picture did not lead physics to
a totalitarian disaster, as an lonian Fallacy by itself could well have done.
At every step, each of the various world pictures in use was seen as a pre-
liminary version, a premonition of the holy grail. Moreover, each of these
various, hopeful but incomplete world pictures of the moment was not a
seamless, unresolvable entity. Nor was each completely shared within a
given subgroup. Each operated with a whole spectrum of separable the-
mata, with some of the same themata present in portions of the spectrum
in rival world pictures. Indeed, Einstein and Bohr agreed on far more
than they disagreed on. Moreover, most of the themata were not new -
they very rarely are - but adopted from predecessor versions of the \We/t-
Et/d, just as many of them would later be incorporated in subsequent
versions of it. Einstein freely called his project a "Maxwellian program"
in this sensed"”

It is also for this reason that Einstein saw himself with characteristic
clarity not at all as a revolutionary, as his friends and his enemies so
readily did. He took every opportunity to stress his role as a member of
an evolutionary chain. Even while he was working on relativity theory in
1905, he called it "a modification™ of the theory of space and time. Later,
in the face of being acclaimed the revolutionary hero of the new science,
he insisted, as in his King's College (1921) lecture: "We have here no
revolutionary act but the natural development of a line that can be traced
through centuries.” Relativity theory, he held, “provided a sort of com-
pletion of the mighty intellectual edifice of Maxwell and Lorentz."
Indeed he shared quite explicitly with Maxwell and Lorentz some funda-
mental presuppositions such as the need to describe reality in terms of
continua (fields), even though he differed completely with respect to
others, such as the role of a plenum.

On this model we can understand why scientists need not hold sub-
stantially the same set of beliefs, either in order to communicate mean-
ingfully with one another in agreement or disagreement, or in order
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to contribute to cumuiative improvement of the state of science. Their
beliefs have considerable fine structure; and within that structure there
is, on the one hand, generally sufficient stabilizing thematic overlap and
agreement, and on the other hand sufficient warrant for intellectual
freedom that can express itself in thematic disagreements. Innovations
emerging from such a balance, even as "far-reaching changes" as Einstein
called the contributions of Maxwell, Faraday, and Hertz, require neither
from the individual scientist nor from the scientific community the kind
of complete and sudden reorientation implied in such currently fashion-
able language as revolution, Gestalt switch, discontinuity, incommen-
surability, conversion, and so on. On the contrary, the innovations are
coherent with the model of evolutionary scientific progress, with which
Einstein himself explicitly associated his own work, and which emerges
also from the actual historical study of his scientific work.

Thus, | believe that generally major scientific advance can be under-
stood in terms of an evolutionary process that involves battles over only a
few but by no means all of the recurrent themata. The work of scientists,
acting individually or as a group, seen synchronically or diachronically, is
not constrained to the phenomenic-analytic plane alone, and hence isan
enterprise whose saving pluralism resides in its many internal degrees of
freedom. Therefore we can understand why scientific progress is often
disorderly, but not catastrophic; why there are many errors and delusions,
but not one great fallacy; and how mere human beings, confronting the
seemingly endless, interlocking puzzles of the universe, can advance at all
- even if not soon, or inevitably, to the Elysium of the single world
conception that grasps the totality of phenomena.
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Einstein's mode! for
constructing a scientific theory

T/jg. p;s?f.?1o/og; M/ impeMtme

Judging by his publications and tetters, Atbert Einstein considered it one
of his important tasks constantty to express and etaborate his views con-
cerning the phitosophy of science. There seem to be two reasons for that.
First, Einstein experienced in his own work in the earty years, and then
again among his "ablest students,” how important discussions con-
cerning the aims and methods of the sciences are.* Such interest was not
merety a matter of intellectual curiosity but, in his opinion, went to the
heart of the task of the innovator: epistemology and science, he said, "are
dependent on each other. Epistemology without contact with science
becomes an empty scheme. Science without epistemology is - insofar
as it is thinkable at all - primitive and muddled.” At the same time
he warned, however, that the scientist cannot permit himself to be too
restricted "by the adherence to an epistemological system."” He might
therefore seem to be more a philosophical opportunist than school
philosopher. However, that accusation seemed to bother Einstein as little
as did the more serious attacks from so many other quarters upon his
science and his other views. Reading his opinions on age-old questions of
methodology, we feel we are given a direct report on a deeply felt,
personal struggle with ideas.

A second reason why a scientist concerned with the deep problems
should not avoid epistemologic considerations was, in Einstein's opinion,
that there simply was no other way. In our time, when the scientific foun-
dations are changing rapidly, "the physicist cannot simply surrender to
the philosopher the critical contemplation of the theoretical foundations;
for he himself knows best and feels most surely where the shoe pinches.” "

With these motivations, Einstein found himself publishing constantly

28
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on the philosophy of science and, significantly, doing so throughout his
most creative period of scientific work (e.g., 1914: Pnucfp/es o/ tEeo-
rehm/ physics; 1916: On Ernst 1918: Motrne /or ifo;ng research;
1921 Geometry nJ experience; 1933: On tEe metEoJ o/ tEeoretie’
pEysics; 1936: PEysies anJ rea/;ty, and many others - and of course in
his letters to Besso, Solovine, and other friends). With characteristic per-
sistence, not to say obstinacy, he put on himself the task of presenting
what he called his "epistemological credo.” Moreover, it is striking how
consistent he was in his presentation - at least from about 1914 on, after
his formative period during which he had gone through a kind of philo-
sophical pilgrimage.

In the last four decades of his life, he therefore was acting not only as a
profound scientist, but also as a popularizer, teacher, and philosopher-
scientist in the tradition of Henri Poincare, Ernst Mach, and others of
the generation before him. It is obvious that he took this role as a public
educator very seriously, and that he tried his utmost to write clearly and
at a level where the intelligent layman would understand him. Hence it
came about that the man who was best known for his legendary strug-
gles with the most inaccessible and recondite theories in fact was - and
to this day remains - one of the most readable and widely read scientists.
His essays have been reprinted in the most distant corners of the world.
There is also an ever-growing flood of analyses of his ideas and the way
they do or do not coincide with long-familiar questions of philosophy.
But it may be appropriate, and in the spirit of Einstein's own intentions,
to provide a presentation of a key portion of Einstein's epistemological
position, using his own words as far as possible.

Wnfmg to So/oHne

Inall of Einstein's own writings, one message stands out and is returned
to repeatedly: a model of scientific thinking, and indeed of thinking in
general. That model forms the core of the first pages of his "Autobio-
graphical notes,” which | have analyzed elsewhere.” But Einstein's most
concise and graphic rendition of his model is to be found in a letter he
wrote to his friend Maurice Solovine in 1952. | have always thought
that for sheer virtuosity of expression and ability to summarize complex
thoughts, this letter is unique in Einstein's correspondence. It is therefore
well suited for reexamining his credo. It also invites elaborating on his
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brief exptanations by reference to others of his pubiications on the same
subject and putting together many of his methodotogicat ideas scattered
throughout his writings.

Sotovine was one of Einstein's otdest friends; they had met in Bemn
in 1902, had regutarty discussed science and phitosophy, and had kept up
a correspondence after Sotovine had moved away. Writing on Aprit 13,
1952., Sotovine confesses that he has troubte understanding a point made
in one of Einstein's essays. "Woutd you be so kind," Sotovine asks, "as
to exptain precisety a passage . . . which is not quite dear. You write:
The justification (truth content) of the system rests in the proof of use-
futness of the resutting theorems on the basis of sense experiences, where
the retations of the tatter to the former can onty be comprehended intui-
tivety. . . ." Sotovine indicates his puzztement and raises questions.

In his repty of May 7, 1932, Einstein starts in his characteristicatty
retaxed, unpompous manner: "Dear Soto! In your tetter you give me a
spanking on the behind . . ., but,” he continues, "you have thoroughly
misunderstood me with respect to theepistemotogicat matter. Probabty |
expressed mysetf badty." There fottows a memorabte exptanation of the
respective rotes of sense experience, intuition, and togic in the function-
ing of the imagination. As we shatt see, and as one woutd expect, Einstein
ptaces the emphasis on the sequence of steps in doing science, in making
adiscovery or formutating a theory, rather than reformutating the resutts
tater on to make them acceptabte to pubtishers of scientific journats or
phitosophers interested in the justification of proposed theories.

It witt atso be noted that white the context of Sotovine's question
and Einstein's repty make it dear that Einstein is tatking about a mode!
for thinking in science, nowhere in what fottows does he use the word
science; and what fragmentary examptes he gives (e.g., retation between
the concept "dog" and the corresponding experiences) are not drawn
from scientific theory. This is entirety in tine with his typica) refusat to
toterate unnaturat and unnecessary boundaries. For he said repeatedty
that one is deating here with a continuum: “Scientific thought is a devet-
opment of prescientific thought"; “att this appties as much, and in the
same manner, to the thinking in daity tife as to the more consciousty and
systematical constructed thinking in the sciences." This point of view
was perhaps best caught in his statement that the “whote of science is
nothing more than a refinement of everyday thinking." Just for that rea-
son, however, the criticat physicist shoutd not restrict his examination of
concepts to his own fietd of expertise, but shoutd consider “criticatty a
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much more difficult probiem, the problem of analyzing the nature of
everyday thinking" (Mens %ndOpinions [EO.],pp. 176,13, 324, Z90).
Perhaps for this reason Einstein had placed the question "What, precisely
is 'thinking'?"" near the beginning of his "Autobiographical notes” - and
then, during that discussion, referred only rarely to science.

Einstein begins his explanation to Solovine with the sentence: "f see
the matter schematically thus” - and there follows a diagram (not sur-
prisingly, for we know of Einstein's preference for visual thinking). A
sketch of great power and simplicity, it concentrates in a few lines a
wealth of information (Figure z.i). The diagram indicates an essentially
cyclical process, and Einstein enters on its discussion by laying out the
stage where the process must both begin and end:

"1. The E (experiences) are given to us."

This refers to the horizontal line shown at the bottom of the figure,
marked E and labeled "Multiplicity [or variety] of immediate (sense) ex-
periences." As usual, these come first in his account [just as he had put
the "reception of sense impressions™ as the first item after asking "What
isthinking?" in the "Autobiographical notes™]. And it will have to come
inat the end also, when we return to the level of sense experience to see if
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our theory can handle as targe a part of the totality of the facts of experi-
ence as possibte - which is, after all, the final test of a theory.

The thin tine marked E is rather deceptive. One might better visualize
it asan infinite ptane on which the separate and diverse sense experiences
or observations that clamor for our attention are laid out, tike so many
separate points, ft does indeed represent the "totaiity of empiricai fact"
(EO., p.271) or "totality of sense experiences.” On themselves the points
on this plane are bewildering, a universe of elements, a veritable "laby-
rinth of sense impressions™ of which, moreover, we never can be com-
pletely sure that they are not "the result of an illusion or hallucination™
(EO., p. 291). fn fact, the ultimate aim of science can be defined in this
manner: "Science is the attempt to make the chaotic diversity of our
sense-experience correspond to a logically uniform [unified] system of
thought." The chaotic diversity of “facts” is mastered by erecting astruc-
ture of thought on it that points to relations and order: "In this system,
single experiences must be correlated with the theoretic structure in such
a way that the resulting coordination is unique and convincing™" (EO.,
p. 323).

An inside: Nobody had to point out to Einstein that sense experiences
or "observations” are virtually never pure and unvarnished but theory-
dependent. Even the father of positivism, Auguste Comte, had written
(Positive pEi/osopEy, (1829) that without a theory of some sort by which
to link phenomena to some principles "'it would not only be impossible
to combine the isolated observations and draw any useful conclusions,
we would not even be able to remember them, and, for the most part,
the fact would not be noticed by our eyes." Indeed, sometimes Einstein
speaks of "experience™ or "facts" in away very different from what Ernst
Mach took to be “elements™; among facts, Einstein in various writings
included the impossibility of perpetual motion machines, inertial motion,
the constancy of light velocity, and the equality of gravitational and iner-
tial mass/ Nevertheless, in their most primitive form the E in Figure 2.1
can be thought of as simple sensory impressions.

TEe ascent to an axiom system

The diagram in Figure 2.1 now goes on to show what is perhaps Ein-
stein's most insistent conception in epistemology. Rising out of an area
just above a portion of the chaos of observables E, there is an arrow-
tipped arch reaching to the very top of the whole scheme. It symbolizes
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what under various circumstances could be a bold leap, a “widely specu-
lative™ attempt, a ""groping constructive attempt,”~or a desperate pro-
posal, made when one has despaired of finding other roads. There, high
above the infinite plane E, is suspended a well-delimited entity labeled
"A, system of axioms," issuing out of the arrow-tipped arch like a pulse
of light out of the trajectory of a firework.

Einstein writes in explanation:

"z. Aare the axioms from which we draw consequences. Psychologi-
cally the Aare based upon the E. There is, however, no logical path from
the E to A but only an intuitive (psychological) connection, which is
always 'subject to revocation." "

Evidently, Einstein holds that in the formulation of ideas - everyday
as Well as scientific ones - the process of thinking or discovery does not
follow the classical model of Mill, that is, of erecting a logical ladder by
induction of generalizations from the set of individual observations. That
method is only "appropriate to the youth of science” (EO., 183). Nor
does Einstein believe as Ernst Mach had counseled, that one should re-
main as much as possible within the plane of E and confine oneself to
search out the most economic statements of relations among the elements
there; for what that missed, Einstein explained in his "Autobiographical
notes,” was precisely the “essentially constructive and speculative nature
of thought and more especially of scientific thought.”

In the schema of Figure z.i, the arc is just that speculative leap or
constructive groping to A, the axiom or fundamental principles which
in the absence of a logical path have to be postulated, perhaps at first
quite tentatively on the basis of a conjecture, supposition, "inspiration,"”
"guess,” or "hunch.” e are dealing, after all, with the private process of
theory construction or innovation, the phase not open to inspection by
others and indeed perhaps little understood by the originator himself.
But the leap to the top of the schema symbolizes precisely the precious
moment of great energy, the response to the motivation of “wonder" and
of the "passion of comprehension™ (EO., 34z) which can come from the
encounter with the chaotic E. Indeed, there is a clear and uncanny parallel
between the process described in Figure z.i and the model Einstein pro-
posed to explain the motivation for research. As Einstein puts it there, to
escape from the chaos of the world of experience, the scientist, scholar,
or artist erects a "simplified and lucid image of the world," lifting into it
"the center of gravity of his emotional life."

As one would expect from him, Einstein did not speak of the tech-
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nique of elevating a supposition or hunch to an axiom or fundamental
principle as if it were some hypothetical advice. He had done so himself
in his scientific papers and, what is more, confessed it frankly in them.
An example of raising a "“conjecture” to the status of a "postulate” will
be given in Chapter 4. We know that reaching these conjectures, and
gathering the courage to raise them to fundamental principles, were not
momentary enthusiastic decisions but the results of years of groping, ft
was in fact forced on Einstein that the kind of fundamental theory he was
trying to build could be be attained in no other way.

Two fogicnf cEsconhnwics ;n/

Wk have to linger a little more on the implications in Figure 1.1 of the
trajectory, arc, ascent, or jump (to which we will now assign a label /).
As Einstein often stressed (cf. analysis of "Autobiographical notes," and
many other sources, e.g., f.O., p. 291), there are in fact two sets of logical
discontinuities implied in the seemingly smooth curved line. e fashion
it by fastening our attention on "certain repeatedly occurring complexes
of sense impressions” and "relating to them [znordnen] aconcept.” The
concept is then a kind of "mental knot™ or "mental connection™ between
sense impressions, and is "primary" if close to sense experience. But we
select the concept without some logical necessity, really "arbitrarily™ in
the sense that "considered logically this concept is not identical with the
totality of sense impressions referred to; but it is a free creation of the hu-
man (or animal) mind" (f.O. pp. 2.91, 93 - "human or animal mind":
another unnecessary barrier unceremoniously discarded?).

The same theme of the logical discontinuity in the formation of con-
cepts appears again and again. For example: “AH concepts, even those
which are closest to experience, are from the point of view of logic freely
chosen conventions.™" And again: "There isno inductive method which
could lead to the fundamental concepts of physics. Failure to understand
this fact constituted the basic philosophical error of so many investiga-
tors of the nineteenth century.” Several times Einstein referred to David
Hume's attack on induction, showing that “concepts which we must
regard as essential, such as, for example, causal connection, cannot be
gained from material given to us by the senses" (f.O., pp. 307, zi).

To the same end, Einstein also reminded his readers frequently of the
fatal error that had been made for so long in thinking that the basis of
Euclidean geometry was logically necessary; this error was caused by
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forgetting the empirical base and hence the limited experiential context
within which all concepts are fashioned. A similar illusion was the great
obstacle to formulating the Special Relativity Theory (1.0., pp. 2.98-
2.99), namely that there exists a universal time applicable to all events in
space as a whole, a concept of time long held to be an a priori given,
necessary conception, seemingly independent from our sense experience.
This error was caused by forgetting that the notion of time itself arises
initially in our everyday experience by watching sequences of events hap-
pening at one locality, rather than in all of space.

Deprived of any certainty that our concepts have a necessary connec-
tion with the corresponding experiences, we begin to see the precarious-
ness of the business of theory construction. But we can do no better.
Wk create new concepts, perhaps suggested at first only tentatively, and
gather them together with old concepts whose usefulness has been tested
in previous struggles, knowing that neither one nor the other is sacred and
unchangeable, neither induced nor in any other way securely abstracted
from the plane of experiences below. It may be that this discontinuity is
symbolized by the small gap in the drawing between the horizontal line E
and the arc rising from that region to A above.

There is a second logical discontinuity which also enters to make it a
"mistake to permit theoretical description to be directly dependent upon
acts of empirical assertions.”  This concerns the relation of concepts to
one another when they are used together to make a system of axioms -
for example, some postulated laws of nature [“propositions expressing
a relationship among primary concepts”(1.O., p. z93)]. Not only each
individual concept, but the whole "system of concepts is a creation of
man," achieved in a "free play,” the justification for which lies only in the
pragmatic success of the scheme being built up to give ultimately a “mea-
sure of survey over the experience of the senses which we are able to
achieve with its aid.”

The two-fold discontinuity, then, is a good part of the reason why
Einstein repeats, again and again, sentences like this one from 1918:
"There is no logical path to these elementary laws; only intuition, sup-
ported by being sympathetically in touch with experience [EmYME/nng in
die Er/"Emng]" (EO., p. 226). The repeated insistence was in good part
inopposition to the then current form of positivism, which, for example,
saw the goal of scientific work to be the economic statement of relations
among observables. To this day, Einstein's formulation causes hostility
from some philosophical quarters, which insist on exaggerating this par-



ticular element in Einstein's total schema. (On the other hand, it should
also be said that Einstein's anti-inductivism has encouraged some of
the most interesting contributors to philosophy of science in our day.)
Another reason for Einstein's dogged insistence on the fundamental dual-
ism between experience and theory, sometimes offered in surprising and
inopportune contexts (EO., p. 356), may have also been caused by a
persistent intellectual discomfort. To this great unifier, the existence of
an unbridgeable chasm must have presented a challenge of its own.

In no way can Einstein's message on this point be taken to celebrate
irrationality, to give primacy to intuition, or the like. Rather, it represents
two truths which he had learned, so to speak, on his very own body. One
was the liberating warning that just because all theories are "man-made”
and "the result of an extremely laborious process of adaptation,” they
are also "hypothetical, never completely final, always subject to ques-
tion and doubt.” The other message was, precisely against this somber
knowledge, to encourage the assertion of ingenuity and innovation, in
science as Well as outside, if necessary against prevailing dogma. (Ein-
stein quipped: "Would Faraday have discovered the law of electromag-
netic induction if he had received a regular college education?") If ac-
cused of dragging down, from the Olympian fields, “the fundamental
ideas of thought in natural science, and to attempt to reveal their earthly
lineage," Einstein would answer that he did so "in order to free these
ideas from the taboo attached to them, and thus to achieve greater free-
dom in the formation of ideas and concepts. It is to the immortal credit
of D. Hume and E. Mach that they, above all others, introduced this
critical conception” (1.0., pp. 3.3, 344, 363).""

Const /reeJonM

We might point to other properties of the concepts by means of which
axioms are formulated. Although Einstein does not stress it often ex-
plicitly, one type of conceptual construction needed to keep the concept
from floating away like some arbitrary soap bubble is the definition
which we give to every abstract term (point, length, time interval, electric
charge). While the definition of any term is logically arbitrary, it is con-
nected with observables by our “operational definition™ or "semantical
rule™ to which we agree to adhere once it has been fashioned. Asearly as
1916, Einstein wrote, "Concepts have meaning only if we can point to
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objects to which they refer and to the rules by which they are assigned to
these objects.”

Good examples of this operationa! approach to concepts can be found
in Einstein's own careful analysis of the mental (mathematical) and
physical operations of measuring time in his first relativity paper, or in
his description of what is meant by such conceptions as "solid body" or
"space" in several of his later essays. Therefore, one might elaborate the
diagram in Figure 2.1 by drawing thin, vertical lines between E and Ato
indicate that such connections are made whenever we choose the conven-
tion or "meaning" assigned to a term that is part of the scientific (or any)
vocabulary.

The other constraint on our choice of concepts - even though they
"have a purely fictitious character," being the "free inventions of the
human intellect, which cannot be justified either by the nature of that
intellect or in another fashion a prion™ - lies in Einstein's call for fru-
gality and simplicity. After all, the aim of any good theoretical system
is "the greatest possible sparsity of the logically independent elements
(basic concepts and axioms)."  Any redundancy or elaboration must be
avoided, for it is the grand object of all theory to make these irreducible
elements as simple and as few in number as possible.” For example, it
was, in his view, "an unsatisfactory feature of classical mechanics that
in its fundamental laws the same mass appears in two different roles,
namely as inertial mass in the laws of motion, and as gravitational mess
in the law of gravitation™ (EO.,pp. 272, 273, 308). The equivalence of
these two interpretations of mass signaled to him a truth which needed
to be stated as a basic axiom (in General Relativity Theory), rather than
saddling the theory with a proliferation which did not seem to be in-
herent in the phenomena.

In good part as a result of Einstein's own work and example, physical
scientists have indeed succeeded in showing, during this century, that
only a very small number of postulated fundamental laws, employing a
surprisingly small number of fundamental concepts, are needed to en-
compass (“"explain™) at least in principle an ever-growing infinity of
separate facts of experience. This does not mean at all that everything is
explained, or even in principle already explainable; but still, it isa "won-
der™ and a motivation for further work. This success also has some
curious consequences, to which we shall return later.

One corollary of this method of hypothesizing is that during the
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period of constructing a theory the innovator must give his proposed
"jump" to the axioms a chance to prove itself. Hence in this early and
usually private stage of theorizing the researcher has to grant himself a
freedom, the right of "'suspension of disbelief,” a moratorium on prema-
ture attempts at falsification (i.e., on attempts to discredit the hypothe-
sized postulate by disproving it).”* Though the very idea is contrary to
the naive picture of the scientist, it is an essential part of the scientific
imagination. In Einstein's case it is connected with his ability to tolerate
ambiguities, to keep unresolved problems and polarities long before his
mind's eye.

Arelated corollary is more disturbing, however. Just as there were in
principle infinitely many points on the E level at the bottom of the
schema, there are in principle infinitely many possible axioms or systems
of axioms A at the top. The choice a given scientist makes out of all
possibilities cannot be entirely arbitrary, since it would easily involve him
in an infinitely long search. How does one in fact make this choice? That
is, what guides or constraints do exist which help (or hinder) the inno-
vator in making his particular jump to A rather than to some other A,
which another researcher, on the basis of the same E, may prefer to
make? Einstein says nothing about it in this letter; but he wrote suffici-
ently elsewhere to help us deal with the question, as we shall see later.

TEe /og,c% p<AE

To return now to Einstein's letter to Solovine. He continues:

"3. From A, Eya/ogica/ pafE, particular assertions are deduced - de-
ductions which may lay claim to being right.”

This sentence takes us to the area in the schema where rigorous ana-
Iytical thinking enters, where the scientific imagination indeed requires
the "logical path." "Logical thinking is necessarily deductive™ (EO.,
p. 307), starting from the hypothetical concepts and axioms which were
postulated during the earlier upward swing of the schema. Therefore we
are now proceeding downward from the axioms, deriving the necessary
consequences or predictions; if A, then. , S, S"... should follow; or asin
the 1903 relativity paper, if the Principle of Relativity and the Principle
of the Constancy of the Velocity of Light are assumed in the first place as
axiom system A, then there follow necessarily, without any further fun-
damental assumptions, the transformation equations for space and time
coordinates, the relativity of simultaneity, the so-called length contrac-



Mo&/ /or co?M?rMcOng » theory 39

tion and time dilation ejects, and, at the end of the 190$ paper, "the
properties of the motion of the efectron which resuit from the system of
equations and are accessible to experiment. . . . [These] relations are a
complete expression for the laws according to which, by the theory here
advanced, the electron must move." This wealth of results is a natural
consequence of Einstein's powerful deductions. In an excellent paper en-
titled "Logical economy in Einstein's 'On the electrodynamics of moving
bodies, " Robert B. Williamson  has shown the logical consistency and
parsimony of Einstein's detailed argument. These features make it even
more plausible that the whole work represents the crystallization of years
of effort.

Some who have criticized Einstein's remarks as giving too much
weight to other logically speculative concepts have tended to overlook
the definite role which Einstein did give to the logical phase of the scien-
tific imagination. If he argues for recognizing the necessary inspirational
component in the formation of fundamental hypotheses at the level of T,
he also goes on to say "the structure of the system is the work of reason."
This part of the scientist's work, where inference follows inference, re-
quires "much intense, hard thinking," but at least is a task that one can
learn in principle "at school.” It is only the earlier step, that of estab-
lishing the principles in the first place from which deduction can proceed,
for which "there is no method capable of being learned and systema-
tically applied.... the scientist has to worm these general principles out
of nature” (1.0., pp. 272, 282, 221).

Testing against experience

Continuing in his letter to Solovine, Einstein now comes to the fourth
and final step that brings us back to the plane from which we started:
"4, TheSarereferred [orrelated] totheE (testingagainstexperience).”
Still anxious to make the necessary distinction between what logic can
and cannot be expected to do during the process of theory construction,
Einstein adds parenthetically:
Carefully considered, this procedure also belongs to the extra-
logical (intuitive) sphere, because the relations between con-
cepts appearing in Sand the experiences E are not of a logical
nature. [Perhaps this is why Einstein draws the vertical arrow-
tipped lines from. , S, .. . as JoMeJ lines.] This relation of the
Sto the E is, however (pragmatically), far less uncertain than
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the relation of the A to the E. (For example, the concept 'dog’
and the corresponding experiences.) If such correspondence
could not be attained with great certainty (even if not logically
graspable) the logical machinery for the ‘comprehensibility of
reality’ would be completely worthless (example, theology).

The quintessence is the eternally problematic connection
between the world of ideas and that of experience (sense-
experiences).

The main point of interest in this passage is the first sentence, "The.
are referred to the E." Even its simplicity of expression does not hide the
difficulties in the content. e are now at the crucial last phase of the
schema, and we are looking down, from the predictions and other conse-
quences (. ,S'...) of the partly hypothesized, partly deduced scheme, to
find whether corresponding observations can in fact be found to exist on
the plane of experience E. If these are found, we can say that our various
predictions have been borne out by observation and that we therefore
have a right to regard with more confidence the previous steps that led us
to this last one - the jump/ from E to A the postulation of A, and the
deduction of the S. We thus have completed the cycle implied in the
schema E—/-* A-*. —=E For simplicity, | will refer to this schema as
Einstein's EYASE process of scientific theory construction.

But Einstein knew well that even if the predictions are borne out, one
must not be too confident that the theory, the whole structure of conjec-
tures, postulations, and deductions, is necessarily right. This is so for
three reasons. First, right predictions can be drawn from wrong axioms.
Hence theories that have turned out to be fundamentally in error (Aristo-
telian theory of elements, phlogiston theory, caloric theory) nevertheless
were for a long time thought to be "verified" by the coincidence of de-
ductions and observation.

Second, it is even impossible oi to consider a theory "proven”
once and for all, since this would entail subjecting it to an infinity of tests
by observation, and not just now but for all future times. There is no
such thing as a final verification or confirmation of a theory by experi-
ment or observation. The most one can ever claim is that a theory gains
more and more plausibility or usefulness the longer the various predic-
tions derivable from it are found to correspond to the growing area of
available sense experience - and the fewer the contradictions.

Third, and most important, Einstein came to realize that except per-
haps in the simplest cases, one cannot rely on what someone claims to
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be "experimentat facts" without much probing. The "confirmations” of
theories have often turned out to be the resuit of misinterpretation of the
data or a matfunctioning of the experimenta) apparatus. Einstein had
more than once been hetd up in this theoreticat work by ctaims of experi-
menta] scientists that turned out to be wrong. As he was reported to have
said in the mid-i~zos:

You must appreciate that observation is a very compticated
process. The phenomenon under observations produces certain
events in our measuring apparatus. As a resutt, further pro-
0esses take ptace in the apparatus, which eventuatty and by
compticated paths produce sense impressions and hetp us to fix
the effects in our consciousness. Atong this whote path - from
the phenomenon to its fixation in our consciousness - we must
be abte to tett how nature functions, know the naturat taws at
teast in practicat terms, before we can ctaim to have observed
anything at at!."

Cnlcn# /or %good theory: /. “extern#/ r*#//J#t/on"

What then can one expect to be the proper retation between the Sand the
E inan adequate theory, at teast one of the more ambitious kind that was
of interest to Einstein, a theory whose object is the "totahty of physicat
phenomena™?  As we saw, in Einstein's sentence "The . is referred to
the E," the phrase "referred to" [in Bez/eEnVy gcEr#CEL] is not at att the
same thing as "verified against," as one might expect to read here if the
proposed test of a good theory were the test of "verification." But that
woutd be a pre-twentieth-century view which has turned out to be too
optimistic an estimate of the sotidity of scientific theories.

In fact, Einstein had proposed some years eartier two criteria for a
good theory, two tests "according to which it isat att possibte to subject a
physicat theory to a critique.”" The first test is what Einstein catted the
criterion of "externa! vatidation," and it is "concerned with the vatidation
[BavisEEMMY] of the theoreticat foundations by means of the materia! of
experience [Erf#Ermigswitcn#/] tying at hand.” The criterion is simpty
this: "The theory must not contradict empirica! fact."”

Note that this is a pr/nc/p/e old/scon/:r77i#t/0?! or of /#s//icHEoM, and
hence much more sophisticated than any injunction to seek “confirma-
tion" by empirica! test. It is more generous, because in the absence of
disconfirmation one can hotd on to the theory - "Once a theoreticat idea
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has been acquired, one does well to hold fast to it until it leads to an
untenable conclusion” (AO., p. 343) - and it is also a sharper demarca-
tion criterion because the presence of believable disconhrmations soon
discredits a theory, whereas a continued absence of verification merely
delays the final decision.

The disconfirmation criterion does not mean at all, however, that pre-
sumed confirmations, or coincidences of . with corresponding elements
of E, would be unwelcome. On the contrary; in fact, the purpose of the
majority of actual experimental investigations is guided by the hope of
finding correspondence of this type by which the plausibility of some
previously examined theory would be increased. But for the reasons given
above, absence of verification is not conclusive either way, permitting one
to be skeptical about or to hold on to the theory until further notice,
depending on one's prejudice. But what really decides the matter is stub-
born and repeated evidence of disconfirmation.

And it really should be stubborn and repeated evidence. One cannot
abandon a theory every time a disconfirmation is reported. That would
be extreme experimenticism, not warranted by the delicate and difficult
nature of experiments in modern science. One should be as reasonably
skeptical about experiments that disconfirm as about those that confirm
- and particularly if the experimental disconfirmation of one theory is
used to support another which, on otEer grounds, is less appealing.

Criteria /or a good theory; IE “inner per/ection”

What can this other ground be? What can make a theory more appealing
or less so, other than the criterion of “external validation” ? The answer is
given by Einstein's second criterion for subjecting a theory to a critique.
He called it the criterion of "inner perfection,” and it concerns itself with
choosing the superstructure in the EYASE scheme, namely, the/, A, and &
One must remember that there is no guarantee in a given case that the
elements of a theory are unique. It often happens that two quite different
theories, with different /, A and S, arise out of concern with the same
material of experience, and moreover give equally good correspondence
between their sets of . and the relevant sense experiences. The most
famous case is of course that of Ptolemaic theory and the theory of
Copernicus in the sixteenth century. While different with respect to their
basic axioms, both theories arose out of the need to account for the same
regularities and irregularities in E, in the observed motion of celestial
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bodies, and the predictions derivable from both theories had about the
same degree of correspondence with the observables.

Einstein's second criterion was frankly stated in his "' Autobiographical
notes": "The second point of view is not concerned with the relation to
the material of observation but with the premises of the theory itself,
with what may briefly but vaguely be characterized as the 'naturalness' or
'logical simplicity" of the premises (of the basic concepts and of the rela-
tions between these which are taken as a basis)."”

This of course is not an entirely new idea; Einstein acknowledges
that it "has played an important role in the selection and evaluations of
theories since time immemorial.” But in practice, the requirement of
naturalness or logical simplicity, or "unity and parsimony” (EO., p. 23)
has never been easy to follow. Einstein is warning here to stay clear of
theories that are patched up by ad hoc assumptions introduced just to
make the deductions correspond better to the facts of experience as they
continue to come in. "For it is often, perhaps even always, possible to
adhere to a general theoretical foundation by securing the adaptation of
the theory to the facts by means of artificial additional assumptions.”
Early in his career, Einstein had considered Lorentz's theory of the elec-
tron as just such a patchwork in the sense that it avoided factual dis-
confirmation only by introducing assumptions specially chosen for this
very purpose (introduction of length contraction to explain absence of
predicted effect in the ether-drift experiment). This practice could be
represented by a modification in the diagram of the E/ASE process, as in
Figure 2.2, where schema C, is modified to yield schema C2 by changing
Ato (A+ a), a being the modification in A introduced to deal with the
problem of obtaining better correspondence between the deductions $
and the facts E.

To be sure, theories are likely to grow in some such manner, as they
are applied to new areas of phenomena. And in any case such criteria as
"naturalness” or "logical simplicity” or "economy™ or "unity and par-
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simony" are not easy to defend or even specify, for their "exact formula-
tion . . . meets with great difficulties.” ft requires from us not a mere
"enumeration of logically independent premises,” but "a kind of recip-
rocai weighing of incommensurabfe quakties”~ and, therefore, a judge-
ment into which esthetic considerations and other preferences can enter
prominently.

Einstein was aware of a paradox, in that he tried to deal with great
and complex areas of varied experience, and yet looked "for simplicity
and economy in the basic assumptions. The belief that these two objec-
tives can exist side by side is, in view of the primitive state of our scien-
tific knowledge, a matter of faith. . .. This, in a sense religious, attitude
of a man engaged in scientific work has some influence upon his whole
personality” (J.O., p. 337). Again, writing at about thesametime (1930)
elsewhere, he acknowledged the a priori implausibility "that the totality
of all sensory experience can be ‘comprehended' on the basis of a con-
ceptual system built on premises of great simplicity. The sceptic will say
that this isa'miracle creed." Admittedly so, but it isa miracle creed which
has been borne out to an amazing extent by the development of science™
(f.0.,p. 3A2).

An example of Einstein's commitment to simplicity and naturalness
among the fundamental conceptions of science - an example that haunted
Einstein for much of his scientific life - was his unshakable dislike for
the premises and program of quantum mechanics. For the mathematical
description in quantum mechanics deals in principle with statistical ideas
(e.g., densities in the ensemble of systems), eliminating thereby even the
possibility in principle of describing the detailed behavior of the single
object or system - the very thing that lies closest to our experience, as in
the sensory reports made available by cloud chambers, counters, and the
like. To believe that this program is right "is logically possible without
contradiction; but it is so very contrary to my scientific instinct that |
cannot forgo the search for a more complete conception™ (1.0., p. 318;
and also often similarly, e.g., 1.0., p. 316; letters to Max Born, discus-
sion with Niels Bohr, etc.). This search for a more complete conception,
he knew, might be doomed. "In the end the choice will be made [by the
profession as a whole] according to which kind of description yields the
formulation of the simplest foundation, logically speaking.” But until
the evidence is irresistible, he considered it his right to abstain from “the
view that events in nature are analogous to a game of chance. It isopen to
every man to choose the direction of his striving” (1.O., pp. 334-335).
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Einstein's use of the colorful words "instinct,” "striving,” "intuition,”
or "wonder" was not intended as a catcuiated provocation of some scien-
tists or phitosophers, but it has had this effect nevertheless. To make mat-
ters worse, he referred to yet another process of importance in the growth
of theories, known to every practicing scientist but difficult to define. For
even though he acknowledged that these two criteria of "external valida-
tion" and “internal perfection™ defied precise description, he held that
among the "augurs,” those who deal deeply with physical theory, there
nevertheless exists at any given time agreement in judging the degree of
external validation and inner perfection.” Once more, the absence of an
airtight definition did not preclude him from putting his bet on the use-
fulness of a concept, in this case that of consensus in groups within the
scientific community.

Going beyond l/ie precis

In putting together this account of Einstein's own epistemological views,
insofar as possible in his own words, 1have been trying to do justice to
his meticulous sense of the realities, the lack of guarantees, the tentative,
fallible, human aspects of each element in theory construction, and of the
"eternal antithesis in our area between the two inseparable components
of our knowledge, the empirical and the rational” (1.0., p. 271). The
schema that has emerged is miles from the self-confident and axiomatic
treatments of scientific methodology which Einstein rightly held to have
little resemblance to the actual practice of the working scientist. But
let us not make a mistake in the opposite direction. Despite all its dis-
claimers, Einstein's schema implies nothing less than a description for as
solid a process of reasoning as is in fact available to scientists.

Of course, Einstein's letter to Solovine was not a solemn publication
but a precis shared between friends, in which Einstein reasserts ideas
which he had long held (repeating, for example, almost verbatim pas-
sages from his essay of 1919 "Induction and deduction in physics"). But it
is very suggestive, and invites one, in the spirit of Einstein's own method,
to go further beyond these ideas, and so to see how they can serve to
handle other problems of theory construction and the scientific imagina-
tion. As in science itself, our belief in a scheme increases if we find that it
is not merely ad hoc for covering the area within which it was specifically
proposed but is successful beyond it. There are specifically two problems
that Einstein's schema can help us with: how scientific theories grow and
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give way to other theories, and how to understand better the contro-
versies involving fundamentally different theories that claim to deaf with
the same experimentaf facts.

TEe grorctE o/ %theory

Wk noted that the schema in Figure 2.1 is not a static one, but is a process
which makes a cycle fromE via/, T, S, back to E. But a theory can hardly
be created and tested by going through the cycle once. Even the theories
by which we orient ourselves in our day-to-day life, and a fortiori the
established theories of science which we honor and use as tools that have
come down to us from earlier workers and controversies, are all the re-
sults of cycles of progressive adaptation, making them more acceptable
by using the feedback from one cycle to modify the next. Moreover, this
process of modification and growth will continue as new phenomena are
found that enlarge the original area of application. Physics is constantly
"in a state of evolution. . . . Evolution is proceeding in the direction of
increasing simplicity of the logical basis" (EO., p. 22).

The need to go through many cycles (C, ==Q —*Ca3...) of the E#ASE
process is forced on us, if by nothing else, by our human limitations.
Neither thought by itself nor sensory experience by itself leads to reliable
human knowledge. For concepts can be subjected to analysis which gives
us certainty of the kind "by which we are so much impressed in mathe-
matics; but this certainty is purchased at the price of emptiness of con-
tent.” On the other hand, sense experience cannot be related to the
concepts, as we have seen, except by adopting essentially arbitrary defini-
tions (conventions), and hence they cannot claim certainty either. The
best we can therefore do is to let whatever trustworthiness there is in our
theory construction come out of the interplay of thought and sense ex-
perience through many cycles, carried out over time. Theories therefore
have to be "thoroughly elaborated” (f.O., pp. 2.76,277, 282) and have to
evolve - first in the mind of the innovator before publication and then in
the community of scientists through discussion or controversy.

For example, in going through the first cycle of the schema, the . of
the theory at that stage (S,,  S™...) may show an incomplete correla-
tion with the "facts" in the E plane. Einstein gives an example which, he
says, is one of the considerations which "kept me busy from 1907 to
1911": in his early attempts to generalize relativity theory, “the accelera-
tion of a falling body was not independent of its horizontal velocity or
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the internal energy of the system," contrary to the "old experimental
fact” (1.0., p. 287). Adiscrepancy of this sort forces one to rethink the A,
modifying the original axiom system A, to become a somewhat different
one, Az-

W\ recaH that Einstein warned that such modification should be made
not in a merely ad hoc, brute-force way, but for example by recasting the
axiom system into a more generalized form that permits more deductions
$2'S2. " ---that can be correlated with the E, and if possible from fewer
independent concepts. Thus Einstein was able to go from the first prin-
ciple of restricted relativity theory, that all natural laws must be so condi-
tioned that they are covariant with respect to Lorentz's transformations,
to the first principle of general relativity theory, that natural laws are to
be formulated in such a way that their form is identical for coordinate
systems of any kind of states of motion (1.O., pp. 329-330). In this way
Einstein removed his dissatisfactions with the special nature of the origi-
nal relativity theory, namely that it referred only to systems in uniform
motion to which no absolute significance could be attached. The intro-
duction of the principle of equivalence removed the contradiction be-
tween the predicted acceleration of a falling body and the observed one,
as Well as removing an unnecessary duplication (two meanings of mass,
as referred to above).

Figure 2.3 represents schematically the progress from the early state of
atheory to a later state, from C, to  and from  to C3. Here C3could
stand for the next step, which Einstein saw needed after his success in
fashioning general relativity theory; for he felt that “the theory could not
rest permanently satisfied with this success.... The idea that there exist
two structures of space independent of each other, the metric-gravita-
tional and electromagnetic, was intolerable to the theoretical spirit."
Hence, Einstein's persistent attempt to fashion a field theory that corre-
sponds to a "unified structure of space.” Again and again, the word
"unity" beckons as Einstein's final goal - “seeking, as far as possible,
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logical unity in the world picture, i.e., paucity in logical elements"; "thus
the story goes on until we have arrived at a system of the greatest con-
ceivable unity, and of the greatest poverty of concepts of the logical
foundations, which is still compatible with the observations made by our
senses” (EO., pp. 285, 2.93,2.94). Here we glimpse the ultimate goal not
only of Einstein but of Mach, Planck, and that whole generation of
scientist-philosophers: the unified We shall touch on this point
again soon in this chapter, and again in Chapter 4.

To give some other examples of the driving force leading from C, to
Q2 to C3: Einstein held Newton's mechanics to be "deficient” from the
point of view of the requirement of the greatest logical simplicity of the
foundation insofar as the choice of the value 2 of the exponent in the
inverse square law of gravitation - the very heart of Newton's greatest
triumph - was heuristic or ad hoc in the sense that it could be defended
only because it worked. And in addition the law of gravitation itself was
a separate postulate, not connected with or derivable from other concep-
tions in mechanics - whereas in general relativity theory it developed
as a consequence of the postulates. Similarly, Einstein felt that H. A
Lorentz's synthesis of Newtonian mechanics and Maxwell's field theory
contained the "obviously unnatural” mixture of total differential equa-
tions (for the equations of motion of particles or points) with partial
differential equations (Maxwell's field equations). It led to the need to
assume particles of finite dimension, to keep fields at the surface from
becoming infinitely large. To Einstein it appeared "certain ... that in the
foundations of any consistent field theory the particle concept must not
appear in addition to the held concept™ (EO., p. 306).

One could also visualize the progressive development of scientific
theory to take place as the development of the system of concepts at an
increasingly higher level of "layers” or strata, each layer having fewer
and fewer direct connections with the complexes of sense experiences
(EO., pp. 193-293). In this way, a more phenomenological theory at the
early stage of science, for example, the theory of heat before Maxwell,
gives way to a more independent set of concepts and axioms that charac-
terizes, for example, kinetic theory and statistical mechanics. Thus the
latter eventually allowed one, in the study of Brownian motion, to find
the limits of applications of the laws of classical theory, and in addition
provided a definite value for the size of atoms and molecules, obtained by
several independent methods.
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There is of course a cost in this developmental process. By going cycli-
cally through scverat stages of theories, each stage is forced to use concep-
tions more removed from direct experience (e.g., atomism). The distance
from the E to the T is larger, the contact with common sense is more and
more tenuous. But the fundamentat ideas and laws of science attain a
more and more unitary character (cf. EO., p. 303). Eventually ah the
sciences wouid attain this final stage.

fn the meantime another cost of this process is that the more genera)
the theory becomes, the )onger it may have to wait for the correction of
its predictions with the ground of experience. Thus it took the general
theory of relativity to 1919 to make proper contact with E. The delay
may Well test the self-confidence of the theoretician to the utmost. "It
may need many years of empirical research to ascertain whether the theo-
retical principles correspond with reality”; for it may take that long to
discover "the necessary array of facts” (EO., pp. 222-223).

Representations o/ a /vmsEe] theory

In the ordinary course of events the development of a theory will take it
to a stable canonical form. It enters the textbooks usually as a recast
pedagogic scheme which is characterized by a rearrangement to bring out
an axiomatic structure and to hide all traces of the speculative phase that
motivated and characterized the theory in its early stage. In particular,
the textbook tends to hide the/ process as if it were an embarrassment.
The presentation of the theory at that stage in its life cycle, and of scien-
tific research papers that base themselves on such a theory,” are likely
to look like Figure 2.4. That is, a few phenomena are cited (E,, E" in
Figure 2.4) from which, it is said, the axiom system was induced; and
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from the tatter, predictions are deduced for which corresponding experi-
mentat demonstrations (E3, E™...) can in fact be given. Or, as in Figure
2.5, the whole theory is presented as if its starting point is the discovery
of an axiom system, from which att fottows. That is essentially the style
of the PnncipM of Newton and most school books; for example, New-
ton's laws of motion and of gravitation, at the top, radiate deductions
concerning the periodicity of the tides, the shape of planets, and so on,
and these in turn are directly confirmed by the experimental evidence
below. Or from the fundamental postulates of the kinetic theory, there
follow the equations of state of gases, viscosity, diffusion, heat conduc-
tivity, radiometric phenomena in gases, and so on; and sure enough, all
these can be correlated with their corresponding phenomena over a large
range.

Of course, apart from the fact that such a representation no longer
reflects the genesis of the theory (which, in any case, is usually of as little
interest to most scientists as to most philosophers), a representation such
as that in Figure 2.3 brings out the astounding strength of well-developed
theories. That is, they give us, to use Einstein's phrase, an "overview" by
which the multiplicity of immediate sense experiences of the most diverse
kinds are brought into a unified and therefore understandable scheme.

Progress By Mni/icghon o/ theories

The next stage in the historic progress of science occurs when a unifica-
tion of two or more theory systems is forged, as when Galileo joined
terrestrial and celestial physics, or when Maxwell produced a synthesis
of electricity, magnetism, and optics. Before unification or synthesis,
each of the theory systemns has its own system of concepts, and while they
might be closer to experience than the concepts after unification, they
lack unity among their different fun