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AA
century ago, David Hilbert
stepped to the podium at a
special meeting of the Göt-

tingen Academy of Sciences to recall
the achievements of his close friend
Hermann Minkowski. Just one month
earlier, on 12 January 1909, the 43-
year-old Minkowski had died unex-
pectedly after suffering a ruptured
appendix, leaving those close to him
in a state of shock. No colleague
was more deeply affected than Hil-
bert, whose memorial lecture [Hilbert
1910] reflects his deep sense of per-
sonal loss:

Our science, which we loved above
everything, had brought us toge-
ther. It appeared to us as a
flowering garden. In this garden
there are beaten paths where one
may look around at leisure and
enjoy one self without effort, espe-
cially at the side of a congenial
companion. But we also liked to
seek out hidden trails and discov-
ered many a novel view, beautiful
to behold, so we thought, and when
we pointed them out to one another
our joy was perfect [Hilbert 1910,
363].

Hilbert loved to think about mathe-
matics while tending the spacious
garden behind his house, a sanctuary
that only a few were allowed to enter.
Minkowski, who lived just a stone’s
throw away, was a regular visitor. So
far as we know, Minkowski was not,
like Hilbert, a passionate gardener. But
both loved nothing more than to meet
and talk about mathematics.

Minkowski’s tragic death came at
a time when he and his friends were
still celebrating one of the high points
of his career, the lecture ‘‘Raum und
Zeit’’ [Minkowski 1909] he delivered in
Cologne on 21 September 1908. Before
a mixed audience of seventy-one

mathematicians, physicists, and phi-
losophers [Wangerin 1909, 4],
Minkowski made it clear from the
outset that he had something impor-
tant to say:

The views of space and time which
I wish to lay before you have
sprung from the soil of experimen-
tal physics, and therein lies their
strength. Their tendency is radical.
From this moment onward, space
by itself and time by itself will
totally fade into shadows and only a
kind of union of both will preserve
independence [Minkowski 1909,
431].

The physics Minkowski had in
mind was itself radically new. It sprang
from Lorentz’s electron theory, Ein-
stein’s ether-free electrodynamics
based on the principle of relativity, and
Planck’s further extension of Einstein’s
findings regarding the inertia of
energy. Minkowski not only found this
line of physical research promising, he
sought to convince his audience that it
demanded a totally new conception of
space and time, one that departed
fundamentally from the premises of
classical Newtonian physics. His lofty
rhetoric in ‘‘Raum und Zeit’’ no doubt
made an impression on his audience,
even if few could appreciate the deep-
er points that propelled his argument
forward. But, fortunately, Max Born
and Arnold Sommerfeld were there.1

Both went on to pursue Minkowski’s
ideas immediately after his death,
thereby bringing space-time physics
into the relativistic arena. Hilbert, too,
was hardly a disinterested party; he
was also determined to help ensure
that his friend’s contributions to rela-
tivity theory would not be forgotten.2

In his memorial lecture, he recalled
watching Minkowski put the last tou-
ches on the final page proofs as he lay

1Born recalled attending Minkowski’s lecture in his autobiography [Born 1978, 131]; Sommerfeld was listed as

one of the discussants after the lecture in Wangerin [1909, 9].

2Hilbert took charge of publishing Minkowski’s collected works [Minkowski 1911] soon after the latter’s death.
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on his deathbed. He further related
how Minkowski took solace in the
thought that his passing might induce
others to study his contributions to the
new physics more carefully.

During their lifetimes, Hilbert and
Minkowski were likened to Castor and
Pollux, the inseparable twins [Born
1978, 80]. Their careers first became
intertwined in the 1880s as fellow stu-
dents at the university in Königsberg,
the Albertina, where Jacobi had once
taught. From this remote outpost in
East Prussia, they made their way into
the German mathematical community
that was then taking form [Rowe
2003]. They were among the small
group of mathematicians who gath-
ered in Bremen in 1890 at a meeting
of the Society of German Natural
Scientists and Physicians in order to
launch a new national organization,
the Deutsche Mathematiker-Vereini-
gung (DMV). The DMV remained, in

fact, for some time under the umbrella
of this larger scientific society, which
helps explain why several physicists
were in Minkowski’s audience in
Cologne. Göttingen’s Felix Klein, who
also attended that first meeting of the
DMV, came away from it firmly con-
vinced that Hilbert was the ‘‘rising
man’’ among the younger generation
of German mathematicians [Rowe
1989, 196]. Klein was not merely a
talent scout for his university. Already
well past his prime as a researcher,
he saw himself as uniquely qualified
to judge prospective appointments
throughout the entire German system
of higher education. Soon after the
Bremen meeting he imparted his
opinion to Friedrich Althoff, the key
figure in the Prussian Ministry of Cul-
ture who would later play a decisive
role in promoting the careers of both
Hilbert and Minkowski. After 1902, as
colleagues in Göttingen, both would

put their unmistakable imprint on the
mathematics of the new century.

One of those most deeply affected
by this Göttingen atmosphere was
Hermann Weyl. A month after the
German army surrendered to the
Soviets in Stalingrad in early February,
1943, Weyl wrote a letter to Minkow-
ski’s widow recalling the mathematical
world he had known in his youth:

Last Sunday while attending a
mathematical meeting in New York
I learned that Hilbert has died.
There was a short report about this,
dated Bern, 19 February, which
appeared in the New York Times on
20 February, but I missed this and
perhaps you did, too. The news
brought back powerfully again the
whole Göttingen past . . . . The two
friends’ activities, their influence on
the younger generation comple-
mented one another in the most
harmonious way, Hilbert perhaps

Photo 1. This photo, taken around 1905, shows Minkowski on an excursion with the Hilberts: Käthe, David, and their son Franz.

Flanking the group are two of Hilbert’s many gifted doctoral students: Alfred Haar, to the left, and Ernst Hellinger. The young

woman between them was probably the Hilberts’ housekeeper.
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the more blazing and buoyant
(Lichtere und Leichtere), your hus-
band the warmer . . . and certainly
the kinder . . . . Nowhere today is
there anywhere anything even
remotely comparable . . .3

Soon thereafter, Weyl paid tribute to
Hilbert in two obituary articles, the
longer of which appeared in the Bul-
letin of the American Mathematical
Society [Weyl 1944]. It began on the
same note, though without mentioning
Minkowski’s role in Hilbert’s success
story. ‘‘In retrospect,’’ he reflected, ‘‘it
seems to us that the era of mathematics
upon which [Hilbert] impressed the
seal of his spirit and which is now
sinking below the horizon achieved a
more perfect balance than prevailed
before and after . . . . No mathemati-
cian of equal stature has risen from our
generation’’ [Weyl 1944, 130].

In recalling these events and
circumstances, one cannot help but
notice a certain imbalance in the liter-
ature documenting the lives of these
two stellar figures. Whereas accounts
of Hilbert’s singular career abound (for
example [Blumenthal 1935] and [Reid
1970]), relatively little has been written
about Minkowski’s life, personality, or
mathematical style. Yet despite some
striking affinities, one can hardly
overlook the contrasts between them.
As a researcher, Hilbert pursued clearly
posted programs undertaken during
periods of intense activity. Most of his
work focused on building a theory
from the ground up: starting with
invariant theory and algebraic number
fields, he moved on to Euclidean and
non-Euclidean geometry, then varia-
tional methods, integral equations, and
foundations of physics, and finally
proof theory and the axiomatization of
arithmetic. He was a master builder, a
systematizer who only seldom broke
entirely new ground. Minkowski no
doubt appreciated that approach, yet
his own style was anything but sys-
tematic. More original and highly
inventive, he had the temperament
of an artist, one who sought to com-
mune with his material rather than
impose a preconceived design on it.
One can sense these differences in the
letters he wrote to Hilbert, especially

those that pertain to their nearly abor-
tive joint venture from the 1890s, the
Zahlbericht.

Yet despite this contrast in their
styles, Hilbert had a deep understand-
ing of Minkowski’s work; indeed, his
memorial lecture [Hilbert 1910] remains
even today the best single overview of
the latter’s mathematical achievements.
As a human portrait, on the other hand,
it appears to tell us more about Hilbert’s
personality than about Minkowski’s.
Insight into the latter’s persona, how-
ever, can be gained from his letters to
Hilbert [Minkowski 1973], published by
Minkowski’s daughter Lily Rüdenberg,
who also added a short family biogra-
phy. These letters shed considerable

light on Minkowski’s relationship with
Hilbert, although unfortunately only
this half of their correspondence has
survived. Hilbert’s letters, a few of
which were cited in Blumenthal [1935],
disappeared sometime after Hilbert’s
death. Another useful resource is Max
Born’s autobiography [Born 1978],
which abounds with lively reminis-
cences of Göttingen in the era of Klein,
Hilbert, and Minkowski, though Born is
not always reliable regarding historical
details.

Drawing on these and other sources,
I begin this essay with some key epi-
sodes in the partnership that developed
between Hilbert and Minkowski, a
familiar enough theme, although one

Photo 2. Minkowski made these five sketches for the

illustrations that appear in the published version of his

‘‘Raum und Zeit’’ (Courtesy of Niedersächsische Staats- und

Universitätsbibliothek Göttingen). Compare the spacetime

diagram shown in colour on our cover.

3Hermann Weyl to Auguste Minkowski, March 1943; transcription courtesy of Gunther Rüdenberg.
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that nevertheless deserves closer atten-
tion.4 In particular, I would like to focus
on the symbiotic nature of their spiritual
relationship as devotees of pure math-
ematics, a calling of special significance
within the context of German culture.
Both were intent on promoting their
purist vision of mathematical knowl-
edge, at first within the realm of algebra
and number theory, but eventually
permeating into the new physics. Min-
kowski’s ideas were to have an
especially deep and lasting impact on
relativity theory, although it would be a
mistake to regard this final chapter of
his life in isolation from the rest. Indeed,
the episodes related here suggest that
Minkowski’s Cologne lecture on ‘‘Space
and Time,’’ the culminating triumph of
his career, was shaped by earlier
experiences he and Hilbert shared in
public mathematical arenas.

Minkowski’s Partnership
with Hilbert
Minkowski and Hilbert grew up in
Königsberg where they developed a
deep aesthetic appreciation of mathe-
matical ideas. Both became number-
theorists, which meant that they ten-
ded to identify good mathematics with
beautiful mathematical ideas. In his
memorial lecture, Hilbert described his
friend’s tastes in these words: ‘‘Min-
kowski was deeply captivated by the
significance of number theory, as
reflected in the works and enthusiastic
expressions of its heroes: Fermat,
Euler, Lagrange, Legendre, Gauss,
Hermite, Dirichlet, Kummer, and
Jacobi. At all times he felt its charms in
the liveliest way, for the virtues of
number theory—the simplicity of its
foundations, the precision of its con-
cepts, and the purity of its truths—
accorded completely with his inner-
most sensibilities’’ [Hilbert 1910, 351].

Hilbert shared Minkowski’s sense of
belonging to an exalted elite: they
were not just pure mathematicians but
enthusiasts who cultivated that lovely
corner of their garden in which the
delicate flowers of number theory
grew. Only a small circle of mathema-
ticians belonged to this group because,

in the opinion of Hilbert and Min-
kowski, most of their colleagues
lacked the requisite qualifications. Yet
even if the noble creations of Gauss
and other greats were ‘‘too sublime’’ to
be appreciated by most mathemati-
cians, this did not prevent them from
reaching down to ‘‘the masses.’’
Indeed, Minkowski’s lecture course
from 1903-1904, later published in
book form under the title Diophanti-
sche Approximationen, had this very
objective: to open the ears of its Zu-
hörer to this ‘‘gewaltige Musik,’’ as he
called it [Hilbert 1910, 351-352].

If number theory stood at the center
of Minkowski’s research interests, this
hardly kept him from exploring other
intellectual terrain. He took up a serious
interest in physics during the early
1890s while teaching as a Privatdozent
in Bonn,5 even asking his brilliant col-
league, Heinrich Hertz, for permission
to take part in the laboratory exercises
offered for beginning students. After
donning a lab frock for a while,
he quickly sensed the vast gulf that
separated the world of the pure math-
ematician from that of the natural
scientist. Shortly before Christmas, he
sent Hilbert a humorous account of his
activities, in which he described himself
as a constructor of instruments, toiling
away in his blue lab uniform, a ‘‘Pra-
ktikus of the worst sort imaginable’’
[Minkowski to Hilbert, 22 December
1890, Minkowski 1973, 39]. He let Hil-
bert know that he would not be
returning to Königsberg for the holi-
days, but consoled his friend with the
thought that he and Adolf Hurwitz
would have found him unfit for
proper mathematical discourse. For he
had become ‘‘thoroughly physically
contaminated’’ to such a degree that he
would have ‘‘perhaps even had
to undergo a 10-day quarantine’’ before
they would have ‘‘found him sufficiently
pure and unapplied mathematically to
be allowed to take part in their walking
excursions’’ (ibid.).

By 1891 Minkowski’s letters began
to take on a more intimate tone as he
and Hilbert became ‘‘Dutzfreunde’’
and close allies. From now on they

would share all kinds of news, both
mathematical as well as purely per-
sonal, including innocent gossip. Many
of the allusions in these letters are
obscure or even totally incomprehen-
sible today, but their witty light-
heartedness nevertheless makes for
delightful reading. Minkowski under-
took many strolls through favorite
paths in their impressive mathematical
garden, but most of the time he
reported about people and events of
mutual interest. Thus he writes often
about their former teachers in Königs-
berg, Ferdinand Lindemann and Adolf
Hurwitz, especially the latter after
Minkowski became his colleague in
Zürich from 1896 to 1902.

Hurwitz’s mathematical tastes had
much in common with Minkowski’s;
they also occasionally shared painful
experiences as German Jews who had
managed to rise to prominence in a
highly competitive academic environ-
ment. Minkowski’s brother, Oscar, was
a distinguished medical researcher
who discovered the role of pancreatic
dysfunction in diabetics [Minkowski
1973, 12]. His work, however, came
under attack and he had already
reached age 50 by the time he became
a professor. Hurwitz was Klein’s most
gifted pupil, yet even this was not
enough for him to become an Ordi-
narius in Prussia [Rowe 2007]. Still,
such milder forms of anti-Semitism
were so pervasive at this time that both
Hurwitz and Minkowski seem to have
taken such slights for granted; in fact,
this theme rarely surfaces in their cor-
respondence. What they wrote to
Hilbert and to each other reflects
instead their deep love for the mathe-
matical quest and a strong personal
ambition to crack a problem or create a
beautiful theory. Hurwitz and Min-
kowski were artists who lacked
Hilbert’s ferocious career ambition or
his striking ability to reform a subject
and then conquer it.

Hurwitz had a genuinely serene
personality that won him many friends,
but he also suffered from serious health
problems that sometimes left him inca-
pacitated. Minkowski enjoyed his

4For a thoughtful assessment of how Hilbert’s views on axiomatics related to Minkowski’s approach to the foundations of physics, see Corry [1997] and Corry [2004].
5Here, the example of Peter Gustav Lejeune Dirichlet readily comes to mind. As the successor of C. F. Gauss in Göttingen, Dirichlet managed to combine his research

interests in number theory with impressive contributions to mathematical physics. Minkowski documented his close affinity with Dirichlet in Minkowski [1905], a glowing

tribute delivered before the Göttingen Academy to celebrate the centenary of his birth.
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company thoroughly, but he was nev-
ertheless eager to leave Zürich, as he
took little pleasure teaching there. After
only one semester he complained to
Hilbert that the students at the ETH
expected their professors to spoon-feed
them [Minkowski to Hilbert, 31 January
1897, Minkowski 1973, 94], an attitude
he had seldom encountered at the
two Prussian universities, Bonn and

Königsberg, where he had taught ear-
lier. Minkowski tried to accommodate
his lecture style to this new scene, but
he soon gave up. Unlike Hurwitz, he
never showed much talent as a lecturer,
and even in Göttingen his courses were
not a great success. His position at the
ETH, by the way, remained vacant for
many years after his departure in 1902,
but it was eventually filled by a former

student whom Minkowski had found
particularly lazy, a certain Albert Ein-
stein [Fölsing 1993, 281]. By this time,
Minkowski and Hilbert were together
again in Göttingen, where they found
themselves deeply immersed in the
new physics of the electron. But back in
the early 1890s the friendship between
them had only begun to intensify as
they came to think of themselves as
collaborators.

Minkowski’s early letters to Hilbert
reveal that he followed the latter’s
work on invariant theory closely and
with enthusiasm. He was, of course,
well aware of the controversy that
erupted when Paul Gordan took
issue with Hilbert’s nonconstructive
methods [Rowe 2003]. So he was
delighted when he saw how his friend
had managed to find a new approach
that was less objectionable on these
grounds. ‘‘For a long while,’’ Min-
kowski wrote, ‘‘it has been clear to me
that it would only be a question of
time before you settled the old invari-
ant questions so that hardly more than
the dotting of the ‘‘i’’ remained. But
that it all went so easily and simply
makes me truly happy and I congrat-
ulate you on this’’ [Minkowski to
Hilbert, 9 February 1892, Minkowski
1973, 45]. And so he went on: the
smoke from Hilbert’s earlier paper
might still have been bothering Gor-
dan’s old eyes, but now that Hilbert
had invented smokeless gunpowder it
was high time to decimate the castles
of the robber knights like Gordan,
who went around capturing the indi-
vidual invariants and stowing them in
their dungeons, before the danger
mounted that no new life would ever
emerge from these quarters again.
Minkowski went on teasing his friend
that if he were not ‘‘so sehr radikal’’ he
would consider doing his fellow
mathematicians the favor of setting
forth his new results in the form of a
monograph, a book that would enable
them to build on the newly reformed
theory. He had in mind something
similar to the edition of Paul Gordan’s
lectures on invariant theory prepared
by Georg Kerschensteiner, but jested
that if Hilbert waited for his ‘‘Kers-
chensteiner’’ to come along he might
find that his book contained a lot of
cherry stones that could spoil the
reader’s appetite.

Photo 3. This portrait of Minkowski, reproduced by Teubner for the

publication of his Gesammelte Abhandlungen, was made at the time he was

teaching in Zürich, 1896-1902 (Courtesy of Niedersächsische Staats- und

Universitätsbibliothek Göttingen).
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Needless to say, Hilbert never
entertained the idea of writing such a
book, nor did a young Kerschensteiner
emerge to write it for him. Six months
later he completed his research pro-
gram in invariant theory by submitting a
definitive 70-page paper to the Mathe-
matische Annalen [Hilbert 1893]. With
it, he wrote to Minkowski, he would
leave the field and turn instead to the
theory of algebraic number fields.
Indeed, the methods he used in this
paper were largely taken from algebraic
number theory together with powerful
new results in algebraic geometry.

The following year Hilbert offered
some general reflections on invariant
theory in the form of a short survey
article [Hilbert 1896]. This had been
solicited by Felix Klein, who packed it
in his luggage along with the several
other papers he later presented at the
Mathematical Congress held in con-
junction with the Chicago World’s Fair.
In this article, Hilbert describes three
phases in research on classical invari-
ants: a naı̈ve period (Cayley and
Sylvester), followed by the develop-
ment of sophisticated formal methods
(Clebsch and Gordan), and finally a
critical phase, dominated of course by
his own work. No one who read this
article in 1893 could have doubted that
Hilbert’s immense talent was matched
by his formidable chutzpah.

While Klein was busy in Chicago
showcasing his own research and that of
his German colleagues, Hilbert and
Minkowski were attending the DMV
meeting in Munich. From its founding,
the societyhad signaled that a major goal
would be the preparation by its mem-
bership of official reports on recent and
not-so-recent research in various fields.
Thus long-time collaborators Alexander
Brill and Max Noether, who were
charged with the task of writing a com-
pendium on algebraic geometry, would
soon unveil a monumental work on this
vast field of research [Brill and Noether
1893]. Clearly, they had splendid cre-
dentials for taking on such a task. Hilbert
and Minkowski were still young and had
never collaborated at all. Nevertheless,
they agreed to prepare a report on
recent developments in number theory,
although Hilbert had yet to publish a
single paper in this field. Minkowski, on
the other hand, had as a teenager made a
name for himself as a number-theorist

when the Paris Academy awarded him
first prize for his essay on the represen-
tations of a number as the sum of five
squares. Hilbert evidently had more to
gain from this difficult venture than did
his friend.

Minkowski’s letters over the next
several years refer to his efforts to make
headway on this project, although the
sometimes exasperated tone of the
letters also made it clear that he viewed
his efforts as a largely thankless task.
His main interest was to finish his
monograph on the geometry of num-
bers, a topic he pursued with the
encouragement of the leading French
number-theorist, Charles Hermite. Still,
he did not neglect his homework for
the DMV report. In fact, he managed to
produce 75 abstracts for the Jahrbuch
über die Fortschritte der Mathematik on
papers from the mid 1890s. His report,
so he wrote Hilbert, would highlight
results in his forthcoming book as well
as his earlier papers. ‘‘Whether beyond
that I bring people closer to compre-
hending the results of several till now
hardly appreciated works, which after
all is the purpose of such reports, this is
for me a pleasant enough task, even
though not the type that I value the
most’’ [Minkowski to Hilbert, 10 Feb-
ruary 1896, Minkowski 1973, 78].

By early 1896 Minkowski’s book
was still not finished, whereas Hilbert’s
portion of the report, dealing with the
modern theory of algebraic number
fields, was nearing completion. Not
surprisingly, he grew impatient and
suggested to Minkowski that he might
want to consider publishing his part of
the report later, a plan his friend
greeted with open arms. As it turned
out, Hilbert’s report did not appear
until the following year whereas Min-
kowski managed to finish a truncated
version of his Geometrie der Zahlen in
1896 [Minkowski 1896]. His report for
the DMV, on the other hand, never saw
the light of day.

The following autumn Minkowski
joined Hurwitz in Zürich, and both read
the galley proofs of Hilbert’s Zahlbericht
with great care and considerable enthu-
siasm. Minkowski was shocked to see
that Hilbert had neglected to thank his
wife for all herwork incopying theentire
manuscript and preparing the index
[Minkowski to Hilbert, 17 March 1897,
Minkowski 1973, 98]. After receiving this

thorough scolding, Hilbert added a note
of thanks to her in the preface along with
these words: ‘‘My friend Hermann Min-
kowski has read the proofs of this report
with great care; he also read most of the
manuscript. His suggestions have led to
many significant improvements, both in
content and presentation. For all this
help I offer him my most hearty thanks’’
[Hilbert 1897, 64].

When he received the published text
a month later, Minkowski wrote to con-
gratulate Hilbert, offering the prognosis
that it would not be long before he too
would be counted among the great
classical authors in the field of number
theory, the discipline both men revered
so much [Minkowski to Hilbert, 14 May
1897, Minkowski 1973, 100]. But in this
same letter, Minkowski also cautioned
that when such recognition came it
might be confined to a select group of
connoisseurs. In this connection, he
related his impressions of Gösta Mittag-
Leffler, the politically astute pupil of
Weierstrass who had recently visited
Zürich in connection with the forth-
coming International Congress.
Minkowski found him dull and unim-
pressive, the more so because he
evinced no real appreciation for Min-
kowski’s new book; nor did he imagine
that Hilbert’s report would fare any bet-
ter in the eyes of this worldly-wise
Swede. But as a consolation he offered
Hilbert the thought that ‘‘the facility for
mental abstraction indeed causes many
people headaches’’ (ibid.).

Plans for Hilbert’s Paris Lecture
Minkowski’s role as Hilbert’s silent col-
laborator during the production of the
Zahlbericht ought not to be exagger-
ated, but he certainly did offer his friend
a great deal of intellectual and moral
support. The same pattern can be
observed a few years later when Hilbert
called on his advice again during a time
when both were making plans to attend
the Second International Congress of
Mathematicians in Paris. It was on
this occasion, of course, that Hilbert
delivered his famous lecture on ‘‘Math-
ematical Problems’’ [Hilbert 1901], a
performance that soon brought him
lasting fame. Had it not been for Min-
kowski’s wise counsel, however, he
might well have chosen a more contro-
versial, but less ambitious topic for this
lecture. Once again, Minkowski’s letters
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shed considerable light on the motiva-
tions and behaviors of both friends.

As the newly-elected president of the
DMV, Hilbert received an invitation in
December 1899 to deliver a plenary
address in Paris on a theme of his
choosing. This was a splendid opportu-
nity, or at least so Hilbert thought, to
throw down the gauntlet to the domi-
nant mathematician of the era, Henri
Poincaré. At the previous ICM, held
in Zürich in 1897, Poincaré had been
designated as one of the plenary
speakers, and for this occasion he took
as his theme the role of physical
conceptions in guiding fertile mathe-
matical research. With that speech still in
mind, Hilbert thought he should counter
by singing a hymn of praise to pure
mathematics. No doubt he also recalled
how Jacobi had once rebuked his
French contemporary, Joseph Fourier,
for failing to recognize that the highest
and only true purpose of mathematics
resided in nothing other than the quest
for truth; this alone reflected honor on
the human spirit [Klein 1926, 114].

But Minkowski strongly counseled
his friend to abandon this plan [Min-
kowski to Hilbert, 5 January 1900,
Minkowski 1973, 119]. After rereading
Poincaré’s text, he found that its
assertions in no way compromised the
integrity of pure mathematics. Fur-
thermore, he felt that the Frenchman’s
views were formulated so cautiously
that Hilbert and he could easily sub-
scribe to them. Moreover, he recalled
how Poincaré had not even been
present in Zürich, so his text was
actually read by another party; few
would remember what he had said on
that occasion. Minkowski then con-
trasted this rather dull speech with the
stirring lecture delivered by Ludwig
Boltzmann at the annual meeting of
German scientists held in Munich just
four months earlier [Boltzmann 1900].

Hilbert clearly took this all to heart,
even if he never said so. Indeed, he
had returned from that Munich meet-
ing in high spirits, writing to Hurwitz
that this event was the best attended
and most stimulating of all the DMV
meetings held thus far.6 Furthermore,
he was clearly pleased by the response
to his two talks (one on the axioms of

arithmetic, the other on Dirichlet’s
principle). Still, these could hardly be
compared with Boltzmann’s dazzling
performance [Boltzmann 1900], which
left the spellbound audience literally
buzzing with excitement afterward.
Clearly it left a strong impression on
both Hilbert and Minkowski, not only
theatrically but also thematically; in
fact the parallels between Boltzmann’s
speech and Hilbert’s far more famous
Paris lecture are simply impossible to
overlook (although it seems nearly
everyone since has done just that).
Both texts offered sweeping accounts
of past developments, undertaken with
an eye toward unsolved problems that
would test the steel of the younger
generation.

In Munich, Boltzmann surveyed
major developments in theoretical
physics over the course of the nine-
teenth century, ending his talk with a
string of open questions, most of them
connected in one way or another with
the fate of the mechanical world pic-
ture. In closing, he beckoned the
younger generation on—‘‘a Spartan
war chorus calls out to its youth: be
even braver than we!’’— expressing
hope that the new century would bring
even greater surprises than the outgo-
ing one had seen. But Boltzmann was
unwilling to stick his neck out terribly
far either; he made it clear that he would
not attempt to ‘‘lift the veil’’ [Boltzmann
1900, 73] covering the face of future
events by making prognostications
about the course of physical research.
Hilbert would do just that one year later
in Paris (see [Hilbert 1901]), which
brings us back to Minkowski’s letter.

After dowsing Hilbert’s original idea
with cold water, Minkowski threw out
some thoughts of his own about how
his friend might best take advantage of
this unusual opportunity. ‘‘Most allur-
ing,’’ he wrote, ‘‘would be the attempt
to look into the future, in other words,
a characterization of the problems to
which the mathematicians should turn
in the future. With this, you might
conceivably have people talking about
your speech even decades from now.
Of course, prophecy is indeed a diffi-
cult thing’’ [Minkowski to Hilbert, 5
January 1900, Minkowski 1973, 120].

Minkowski went on to reflect about the
audience, assuring Hilbert that a lec-
ture with real substance, such as the
one delivered by Hurwitz at the ICM in
Zürich, was far more effective than a
merely general presentation, such as
the one given by Poincaré. He even
mentioned two earlier lectures that he
thought might prove useful for Hilbert
to read, one a speech delivered by
Hermite in 1890, another by H.J.S.
Smith entitled, ‘‘On the Present State
and Prospects of some Branches of
Pure Mathematics.’’ Grand visions
swept before Minkowski’s eyes, yet he
assured Hilbert that success depended
less on the theme of his address than
the quality of his presentation. Still, he
realized well enough that the ‘‘frame of
the theme could have the effect that
twice as many listeners turn out’’ as
might otherwise.

Hilbert vacillated, and then came a
long pause when Minkowski heard
nothing more from him about any
plans for Paris. The months went by,
and soon it was June. A letter arrived
from Paris containing a preliminary
program for the congress, but when
Minkowski opened it, he saw that
Hilbert’s name was not included
among the speakers. Deeply disap-
pointed, he shot off a letter to his
friend, lamenting that he had appar-
ently given up on speaking at the Paris
ICM [Minkowski to Hilbert, 22 June
1900, Minkowski 1973, 126-127]. Min-
kowski had clearly been looking
forward to nothing so much as Hil-
bert’s lecture, and now he suddenly
lost all interest in attending: ‘‘The par-
ticipation from here [the German
contingent] will be almost zero. Mostly
one will get to see French school
teachers and exotic mathematicians,
Spaniards, Greeks, etc., for whom Paris
in August still feels cool in comparison
with their home countries’’ (ibid.).

This was all just a misunderstanding,
of course. It seems Hilbert vacillated a bit
too long, leaving the congress organiz-
ers in the dark about his intentions. At
any rate, Minkowski’s infectious enthu-
siasm quickly returned when Hilbert
wrote back, saying that he had, in fact,
been working all along on his lecture for
the Paris congress. He then turned to

6Hilbert also lamented that Lindemann failed to attend the Munich conference, despite the fact that it was held at his university. Hilbert to Hurwitz, 5–12 November

1899, Mathematisches Archiv, Niedersächsische Staats- und Universitätsbibliothek, Göttingen.
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Minkowski to inquire whether he knew
of appropriate physical theories with
open foundational problems. Pointing
to Boltzmann’s work on statistical
mechanics and thermodynamics, Min-
kowski noted that this terrain offered
‘‘many interesting mathematical ques-
tions also very useful for physics,’’
[Minkowski to Hilbert, 10 July 1900,
Minkowski 1973, 128]. This tip clearly
influenced Hilbert’s formulation of his
sixth Paris problem, which addresses the
axiomatization of physics.

Only one week later, Minkowski
found himself staring at page proofs of
various portions of Hilbert’s lecture,
including drafts of what ultimately
became the second and twenty-third
problems. He and Hurwitz continued
to make various suggestions, including
cuts that would be necessary to stay
within the time limits allowed. When
he finished reading the final draft,
Minkowski was nothing less than
ecstatic:

I can only wish you luck on your
speech; it will certainly be the event
of the congress and its success will
be very lasting. For I believe that
this speech, which probably every
mathematician without exception
will read, will cause your powers
of attraction on young mathemati-
cians to grow still more, if that is
even possible. . . . Now you have
really wrapped up the mathematics
for the twentieth century and in
most quarters you will gladly be
acknowledged as its general direc-
tor [Minkowski to Hilbert, 28 July
1900, Minkowski 1973, 129-130].

These words could hardly have been
more prophetic.

Boltzmann and the Energetics
Debates
Soon after Minkowski’s appointment in
1902 to a new chair in Göttingen, he and
Hilbert began pursuing various topics in
the foundations of physics. In 1905—the
very year Einstein published his famous
paper, ‘‘On the electrodynamics of
moving bodies’’ [Einstein 1905] marking
the birth of special relativity—they con-
ducted a joint seminar on electron
theory, a field that was already buzzing

with activity in Göttingen. Two years
later, Minkowski unveiled his own
4-dimensional approach to electrody-
namics in Minkowski [1908], a paper
widely regarded by contemporaries as
unreadable [Walter 2008, 214, 229]. Ein-
stein and his young collaborator, Jakob
Laub, rewrote some of its key results in
the language of 3-vectors, while disput-
ing some of Minkowski’s physical
claims.

In all likelihood, Minkowski took
little or no notice of this critique. Ein-
stein, after all, was still just an obscure
patent clerk in Bern. A far more sig-
nificant rival was Poincaré, who had
already used a 4-dimensional formal-
ism in connection with the Lorentz
transformations. Poincaré was, in fact,
the first to note that these form a
group, thereby calling attention to the
importance of group invariants for
electrodynamics. On the other hand,
Poincaré’s conventionalist views led
him to attach far less importance to
space-time physics, a viewpoint that
Minkowski meant to challenge as
forcefully as possible.7

It is not difficult to imagine that Hil-
bert’s Paris address was in the back of
Minkowski’s mind when he began
thinking about his Cologne lecture,
‘‘Space and Time.’’ He knew that such
opportunities were rare and that the
time was ripe for promoting his recent
workon electrodynamics.Undoubtedly
disappointed by the cool reception his
work had received, he clearly saw this
as a chance to make a real splash. Hil-
bert’s speech in Paris had done just that
and its lofty rhetoric was surely inspi-
rational, but it could hardly serve as a
model for Cologne. Minkowski’s topic
was the foundations of physics, and on
that score he surely remembered the
brilliant public performances of Ludwig
Boltzmann. The Austrian physicist had
recently committed suicide while vaca-
tioning with his family.

Boltzmann was in many ways a
singular figure. During his lifetime, no
physicist in Germany cultivated con-
tacts with mathematicians with the
same intensity as did he. A decade
prior to his death, Minkowski and
Hilbert were both present at a long-
remembered conference in Kiel at

which Boltzmann caused a great stir
over the energetics program promoted
by the chemist Wilhelm Ostwald and
others. The two friends had met in
Göttingen shortly before the confer-
ence convened to prepare a
preliminary report on their number
theory project. This was presented by
Hilbert during the first days of the
meeting, after which he apparently
left. Minkowski thus described the final
Friday [Minkowski to Hilbert, 24 Sep-
tember 1895, Minkowski 1973, 70-71],
when he bumped into Klein and had
lunch with him at their hotel, sur-
rounded by three physicists from the
anti-energeticist camp: Boltzmann,
Walther Nernst, and Arthur Oettingen.
All five continued their passionate
discussion. Minkowski even suggested
to Hilbert that they should consider
ending their Zahlbericht with some
general theses regarding the essence
and significance of number theory, just
as the physicists had done in closing
their debates on energetics.

Another eye witness at the Kiel
conference was young Arnold Som-
merfeld, who was then Klein’s assistant
in Göttingen. Sommerfeld left this
brief, but memorable account of the
climactic confrontation in Kiel:

[Georg] Helm from Dresden gave the
report on energetics, behind him stood
Wilhelm Ostwald and behindboth stood
the Naturphilosophie of Ernst Mach,
who was not present. The opponent
was Boltzmann, seconded by Felix
Klein. The duel between Boltzmann and
Ostwald resembled, both outwardly and
inwardly, a fight between a bull and a
subtle fencer. But on this occasion,
despite all his swordsmanship, the tore-
ador was defeated by the bull.
Boltzmann’s arguments won out. At that
time all of us younger mathematicians
stood on the side of Boltzmann [Deltete
1999, 56].

This version is about all that
remains of this debate in the collective
memory of physicists, though one can
easily reconstruct many details that
reveal a far more complicated and
interesting story (see Deltete [1999]).
Indeed, the debates that took place
during that particular meeting echoed
for many years afterward, particularly

7Scott Walter has pointed out that Minkowski paid very close attention to Poincaré’s publications [Walter 2008, 223].
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in Göttingen circles. One of the critical
issues then under discussion—the
link between conservation of energy
and the laws of classical Newtonian
mechanics—was of direct and imme-
diate relevance for Minkowski when
he composed his 1908 lecture.

Boltzmann had contested Georg
Helm’s claim that the laws of motion in
classical mechanics could be deduced
from the energy conservation law. Yet
what Minkowski later wrote in ‘‘Raum
und Zeit’’ flies in the face of Boltz-
mann’s earlier claim: ‘‘At the limiting
transition . . . to c = ?, this fact [that
the laws of motion follow from energy
conservation] retains its importance for
the axiomatic structure of Newtonian
mechanics as well, and has already
been appreciated in this sense by I. R.
Schütz.’’ In a footnote, Minkowski
cited Schütz’s paper on ‘‘The Principle
of the Absolute Conservation of
Energy,’’ published in the Göttinger
Nachrichten [Schütz 1897]. Here he
highlighted how the principle of rela-
tivity held the key to understanding the
role of energy conservation not only in
classical mechanics but in the new
physics inaugurated by Lorentz, Poin-
caré, and Einstein.

Oddly enough, this highly signifi-
cant passage from Minkowski’s lecture
has been largely overlooked in recent
studies and commentaries. Historians
have likewise ignored this paper by
Ignatz Schütz, himself a forgotten fig-
ure. Schütz was a young Dozent in
Göttingen at this time, a protégée of the
physicist Woldemar Voigt. He spoke at
a number of meetings of the Göttingen
Mathematical Society and was also a
regular speaker at the annual Natur-
forscher conferences. So Minkowski
was not the only one who knew and
appreciated Schütz’s work; his paper
on conservation of energy was later
highlighted by Max von Laue in a
survey article on the energy concept
[Laue 1955, 374]. Moreover, Felix Klein
had a longstanding interest in these
matters. Indeed, shortly after the Kiel

conference Klein reported on the
energetics debates at a meeting of the
Göttingen Mathematical Society. His
protocol notes indicate that on this
occasion he explained the alleged mis-
take Boltzmann had found in Georg
Helm’s argument deducing the laws of
motion in Newtonian mechanics from
the energy principle. Since Ignatz
Schütz also attended the Kiel confer-
ence, it seems safe to assume that his
work was part of a larger Göttingen
effort aimed at resolving this particular
point of contention.8

Minkowskian Physics
Minkowski was guided by a unified
view of physics based on the universal
validity of Einstein’s principle of rela-
tivity. In ‘‘Raum und Zeit’’ he made no
pronouncements about the ultimate
inertial properties of matter. Moreover,
his whole approach led to a deeper
understanding of how in special rela-
tivity the laws of motion are wedded to
energy conservation and vice-versa. In
his memorial lecture, Hilbert describes
how Minkowski was guided by his
world postulate, according to which
the laws of physics are based on Lor-
entz covariant concepts. Since the
current density components together
with the density transform just like the
spacetime coordinates, these four
entities form a 4-vector. Likewise, the
electric and magnetic 3-vectors, taken
together form an anti-symmetric ten-
sor; they therefore transform just like
the six Plücker coordinates familiar
from line geometry. Thus these two
pairs of physical concepts—current
density and density, electricity and
magnetism—cannot be separated,
but rather each pair depends on the
choice of a spacetime coordinate sys-
tem. These insights naturally emerge as
consequences of Minkowski’s world
postulate, in fact so naturally that it is
perhaps difficult to realize how fun-
damentally new this way of thinking
was in 1908.

To appreciate the physical implica-
tions Minkowski drew for spacetime
physics, one should turn to the fourth
section of ‘‘Raum und Zeit.’’ There he
proposed to reform the concepts of
mechanics to ensure their compatibil-
ity with the principle of relativity
pertaining to the Lorentz group. For
this purpose, he took the invariant
motive force vector from electrody-
namics and set this equal to the
mechanical force vector, thereby
obtaining four relativistic laws of
motion. The first three equations yield
a generalization of the Newtonian laws
associated with the conservation of
center of mass, whereas the fourth
equation expresses the relativistic ver-
sion of conservation of energy. Since
these two force vectors are both per-
pendicular to the velocity vector,
Minkowski immediately deduced that
the fourth equation, expressing energy
conservation, is a consequence of the
other three.

But he also noted—and this was the
decisive point that emerged from our
story about the energetics debates in
Kiel—that since the time axis can be
taken freely in the direction of any
time-like vector, one can also deduce
the laws of motion from the energy
principle alone. Hilbert underscored
the importance of this result in his
memorial tribute when he wrote that
‘‘Minkowski’s investigation led more-
over to the principally interesting fact
that by virtue of the world postulate
the complete laws of motion can be
deduced from the conservation of
energy theorem alone’’ [Hilbert 1910,
359].9 Hilbert also attached great
importance to the manner in which
Minkowski derived his phenomeno-
logical equations for the motion of
bodies in electromagnetic fields. This
derivation required only three axioms:
(1) that moving bodies can never attain
the speed of light; (2) that Maxwell’s
equations are valid for bodies in a state
of rest; and (3) that when a single point
of a body is motionless, then this point

8Klein’s notes are in the Mathematisches Archiv, Niedersächsische Staats- und Universitätsbibliothek, Göttingen. In the second volume of his lectures on 19th-century

mathematics, Klein noted how Schütz had managed to clarify the relationships between the 10 first integrals of classical mechanics [Klein 1927, 58]. Klein went further,

enlisting the support of Friedrich Engel, who published two papers on applications of Lie’s theory of infinitesimally generated groups to classical mechanics.
9One could also cite Wolfgang Pauli, who in his report on relativity theory for the German encyclopedia [Pauli 1921] noted that similar consequences can be drawn for

Minkowskian electrodynamics. Felix Klein also alluded to this in his commentary on Hilbert’s first note on the foundations of physics. Klein thereby launched the

investigations into the status of energy conservation theorems in special and general relativity, the topic that led to Emmy Noether’s fundamental theorems on invariant

variational problems (see Rowe [1999]).
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may be treated as if the entire body
were at rest. Since the validity of
Maxwell’s equations for matter at rest
was considered beyond question,
Minkowski’s derivation was based on a
truly minimal set of assumptions that
gave an impressive demonstration of
the power of the principle of relativity.
Hilbert was just one of several con-
temporaries who appreciated this.
What he seems not to have noticed,
however, is that Göttingen’s Max
Abraham had come up with a different
set of equations that was nevertheless
compatible with Minkowski’s axioms
(see Walter [2007]; Fig. 2).

Minkowski’s systematic reform of
electrodynamics and mechanics involved
important revisions to both fields. His
fundamental equations for the electro-
dynamics of moving bodies were
derived directly from the relativity
principle and differed from the earlier
results of Lorentz and Emil Cohn, nei-
ther of which was Lorentz-invariant.
Later investigations showed that Lor-
entz’s derivation based on his electron
theory was erroneous; afterward Min-
kowski’s equations gained general
acceptance. In mechanics, the same
was true of the Minkowski force, which
was taken up by Lorentz in his Leiden
lectures of 1910–1912 on special rela-
tivity, published in German transla-
tion in Lorentz [1929]. Max von Laue’s
influential textbook on special relativity
was even more decisively influenced by
Minkowski’s new approach, which led
Laue to formulate a new world tensor
for expressing the totality of energy and
matter in a physical system [Rowe 2008].
It did not take Einstein long to absorb
these new developments, as can be
seen from his unfinished draft of a
review article on special relativity,
written around 1912 [Einstein 1996].

Minkowski’s research program for
mechanics was based on a strong anal-
ogy between mechanical concepts
and those he had developed in his
4-dimensional approach to electrody-
namics. Some historians, however, have
regarded him as an exponent of the
electromagnetic worldview, according
to which the inertial properties of mat-
ter stem entirely from electromagnetic
forces. This view, as Leo Corry has

emphasized, is a mistaken one [Corry
2004, 191]. Possibly Minkowski’s own
rhetoric contributed to this faulty
impression since in the closing para-
graph of ‘‘Raum und Zeit’’ he wrote:
‘‘The unexceptional validity of the world
postulate is, in my opinion, the true
nucleus of an electromagnetic image of
the world, which was discovered by
Lorentz and further revealed by Einstein,
and which now lies open in the full light
of day’’ [Minkowski 1909, 444].

In later years, Einstein distinguished
between two main types of physical
theories: those that are constructive,
such as Lorentz’s electron theory, and
those of principle, thermodynamics
being a prime example.10 The relativity
principle, which later evolved into the
special and general theories of relativ-
ity, was of the second type, which
helps explain why Minkowski was so
attracted to it. Still, one should not
imagine that he and Hilbert were
altogether out of sync with mainstream
developments in theoretical physics. In
his magisterial study, Electrodynamics
from Ampere to Einstein [Darrigol
2000], Olivier Darrigol highlights the
importance of a new trend in late19th-
century theorizing, one in which gen-
eral physical principles began to
displace the more concrete styles that
had been prevalent before. Among the
strongest representatives of this new
approach were such luminaries as
Helmholtz, Hertz, Poincaré, and
Planck. Hilbert, on the other hand,
swung to the far extreme by attaching
great faith in axiomatic analysis and
general mathematical methods, in
particular variational principles. Min-
kowski’s success with his world
postulate no doubt reinforced these
convictions. Both he and Minkowski
were extreme optimists in this regard,
and their views with regard to the
efficacy of mathematics in the pursuit
of knowledge of the natural world
differed sharply from the stance taken
by Poincaré.

Thus, while advancing the new
physics, Minkowski parted company
with Poincaré regarding the importance
of a 4-dimensional formalism. For Po-
incaré, who was always sceptical of
arguments that purported to establish

the solute truth of a physical theory, the
relativity principle was nothing more
than a convenient hypothesis that
helped the natural philosopher orga-
nize important knowledge. By contrast,
Minkowski saw it as nothing less than a
revealed truth; hence, he argued that
the mathematical physicist should strive
to develop a firmly grounded theoreti-
cal structure as a framework for guiding
experimental work. His final rhetorical
flourish in ‘‘Raum und Zeit’’ captures
this vividly: ‘‘In the development of its
mathematical consequences there will
be ample suggestions for experimental
verifications of the world postulate,
which will suffice to conciliate even
those for whom the abandonment of
older established views is unsympa-
thetic or painful by the idea of a pre-
established harmony between pure
mathematics and physics’’ [Minkowski
1909, 444].

On Canonizing a Classic
Relativity theory was not the creation of
one man, but rather of several, most
notably Lorentz, Poincaré, Einstein, and
Minkowski [Born 1959, 501]. Max Born
was in an unusually advantageous
position to judge the merits of Einstein’s
and Minkowski’s respective contribu-
tions. He began his academic career in
Göttingen and was serving as Minkow-
ski’s assistant at the time of his death.
Later Born befriended Einstein when
both were teaching in Berlin, and in
Frankfurt he went on to write one of the
most successful of the many popular
books on relativity [Born 1920]. Though
he made ample use of Minkowski’s
spacetime diagrams throughout his text,
Born entitled it Die Relativitätstheorie
Einsteins. Still, Minkowski’s Cologne
lecture continued tobe read and cited, in
large part because of the promotional
efforts of Göttingen allies and friends,
and ‘‘Raum und Zeit’’ was on its way to
becoming a classic by 1922. To see how
this happened, let us turn back to that
work and its reception.

In 1910 Hilbert’s ever-faithful pupil,
Otto Blumenthal, began a new series
with the Leipzig publishing house
of B. G. Teubner entitled Fortschritte
der mathematischen Wissenschaften in
Monographien. This venture turned out

10He emphasized this distinction, for example, in his widely read article for the Times (London), [Einstein 1919b].
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to be a total flop, but initially it served its
main purpose, namely to promote
Minkowski’s contributions to physics.
The first volume [Blumenthal 1910]
contained a reprint of his 1907 paper,
along with a related study on the
properties of the electron prepared by
his former assistant, Max Born, on the
basis of Minkowski’s extant notes. Ear-
lier, Teubner had also published ‘‘Raum
und Zeit’’ as a separate brochure; this
contained a brief introduction by the
president of the DMV, August Gutzmer.

By 1913, however, this brochure was
already out of print, and when Arnold
Sommerfeld learned of this he suddenly
came up with a brilliant idea. Rather
than requesting a new printing, he
approached Blumenthal with a pro-
posal for a second volume in his nearly
still-born series. Sommerfeld’s idea was
to publish a compendium of papers on
relativity that featured Minkowski’s
‘‘Raum und Zeit’’ as its centerpiece. It
did not take long for Blumenthal to see
the light. After gaining the approval of
Lorentz and Einstein, he was able to
convince Teubner that this anthology
[Blumenthal 1913], bearing the simple
title Das Relativitätsprinzip, repre-
sented a promising commercial
venture. Just how promising, no one
could have imagined. After going
through numerous printings and some
major changes, it emerged in the early
1920s in its present-day form, a staple
item in bookstores worldwide.

To a considerable degree Das Rel-
ativitätsprinzip has since served to
canonize the classics of relativity the-
ory, especially Einstein’s works,
although this was clearly not its origi-
nal intent. The 1913 edition was, in
fact, primarily conceived as another
tribute to Minkowski, as evidenced by
the inclusion of a photographic portrait
of the deceased mathematician. Inside,
the reader was exposed to the relevant
prehistory: the two classic papers by
Lorentz from 1894 and 1904 followed
by Einstein’s famous 1905 article ‘‘On
the Electrodynamics of Moving Bod-
ies’’ as well as his brief note on the
relationship between energy and iner-
tial mass. These texts set the scene for
Minkowski’s ‘‘Raum und Zeit,’’ which
Blumenthal described in the foreword
as the speech that set the great wave of
popular interest in relativity theory in
motion.

A reader in 1913 would presumably
notice the difference between Min-
kowski’s soaring rhetoric and the lean
and pithy style that marked Einstein’s
presentations. Not that Minkowski took
great pains to spell out the details, but
for this the reader could turn to
Sommerfeld’s notes for help, with the
reassurance that these were merely
added to remove ‘‘small, formal math-
ematical difficulties that could stand in
the way of penetrating into the great
thoughts of Minkowski.’’ Sommerfeld
rounded out this slim volume with
Lorentz’s Wolfskehl lecture, ‘‘Das Rela-
tivitätsprinzip und seine Anwendungen
auf einige besondere physikalische
Erscheinungen,’’ delivered in Göttin-
gen one year after Minkowski’s death. It
was a fitting choice, as on that occasion
the gracious Dutch physicist paid trib-
ute to the distinguished mathemati-
cian’s contributions to his own field.

Given the agenda Blumenfeld and
Sommerfeld had in mind, this choice of
texts hardly seems surprising, although
in retrospect its omissions are striking.
The most glaring absence, of course,
was Poincaré’s work. Less surprising,
but nevertheless noteworthy was the
lack of any mention of Einstein’s gen-
eralized theory of relativity. By 1913,
Einstein had been struggling for some
six years to go beyond special relativity
in order to link gravitation with the
effects that arise in non-inertial frames.
Yet the only relativistic treatment of
gravitation to be found in the first edi-
tion of Das Relativitätsprinzip was the
one given by Minkowski in the closing
section of ‘‘Raum und Zeit’’ [Walter
2007]. There he briefly described how
one can formulate a simple 4-dimen-
sional force law between point masses
that corresponds to Newton’s law for
low velocities. Minkowski then con-
cluded that this law of attraction ‘‘when
combined with the new mechanics is
no less well adapted to explain astro-
nomical observations than the
Newtonian law of attraction combined
with Newtonian mechanics’’ [Minkow-
ski 1909, 440].

Einstein had long been promoting a
different approach to gravitation. In
1911 he published his calculations for
the bending of light in the vicinity of
the sun as well as for gravitational red
shift. By 1915 he wrote an introductory
article for the series Die Kultur der

Gegenwart in which he advances the
opinion that the fundamental principle
expressing the constancy of the speed
of light had to be dropped since it
appeared to be valid only in reference
systems in which the gravitational
potential was constant. A year earlier
he published a 55-page article [Einstein
1914] on ‘‘The Formal Foundations of
General Relativity,’’ a highly mathe-
matical presentation that took great
pains to show that the Einstein-Gross-
mann field equations were the only
feasible candidates for a sound rela-
tivistic theory of gravitation.

Interestingly, even in 1915 Einstein
was still not satisfied with what he had
written about general relativity. Only
about a week after he delivered his
Wolfskehl lectures in Göttingen, he
was contacted by Arnold Sommerfeld,
who was then laying plans for an
expanded second edition of Das Rela-
tivitätsprinzip and wanted to include
texts by Einstein on general theory of
relativity [Sommerfeld to Einstein, 15
July 1915, CPAE 8A 1998, 147]. But
Einstein responded without enthusi-
asm for this plan, although he did note
that for this purpose his paper [Einstein
1911] and the longer one [Einstein 1914]
might have been the most suitable
among his recent articles. Still, he pre-
ferred that the collection be reprinted
without change since he was planning
to write an introductory booklet that
led to the general theory anyway. This
letter appears to be the earliest evi-
dence we have of Einstein’s own plan
to produce a semi-popular textbook,
an idea that evidently antedated the
breakthrough he made in November
1915. Two years later Vieweg pub-
lished [Einstein 1917b], an instant
bestseller that soon went through
numerous editions and translations.

Sommerfeld waited until 1920
before introducing a new edition of Das
Relativitätsprinzip, one that finally
included writings by Einstein on gen-
eral relativity. Since Lorentz’s 1910
lecture was by now thoroughly anti-
quated, he replaced this with the
paper in which Einstein drew optical
important consequences from his
equivalence principle [Einstein 1911].
The new volume also contained Ein-
stein’s canonical paper on the mature
theory of general relativity [Einstein
1916a], his brief sequel on Hamilton’s
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principle from the same year [Einstein
1916b], the essay on relativistic cos-
mology [Einstein 1917a], and a specu-
lative paper [Einstein 1919a], in which
he modified the field equations to link
gravity with an electromagnetic theory
of matter. Clearly, this new anthology
greatly enhanced Einstein’s reputation
as the central, if not sole creator of
the theory of relativity. This picture
remained unaltered with the definitive
1922 edition, which added Hermann
Weyl’s paper [Weyl 1918] on ‘‘Gravity
and Electricity’’ to this compendium
of classics. One year later, this text
appeared in English translation, pub-
lished by Methuen; this edition later
served as the basis for the popular
Dover paperback edition [Einstein
et al., 1952], which can still be found in
bookstores today.

Ironically, the introductory passage
in Einstein’s fundamental paper, [Ein-
stein 1916a], was omitted from the text,
although it was faithfully reproduced
in the German original. Therein he
acknowledged his debt not only to
Minkowski but also to a whole series
of other mathematicians, including his
friend Marcel Grossmann. ‘‘The gen-
eralization of the theory of relativity,’’
he wrote, ‘‘was facilitated considerably
by Minkowski, the mathematician who
was the first to recognize clearly the
formal equivalence of the space and
time coordinates, and who utilized this
in the construction of the theory’’
[Einstein 1916a, 283] Einstein noted
that the ‘‘mathematical tools necessary
for general relativity were readily
available in the absolute differential
calculus,’’ a theory developed by Ricci
and Levi-Civita and which was based
on earlier research on non-Euclidean
manifolds undertaken by Gauss, Rie-
mann, and Christoffel. He also pointed
out that the Italian inventors of the
absolute differential calculus had
already applied it to a number of
problems in theoretical physics. As for
Grossmann, Einstein wrote that his
‘‘help not only saved me the effort of
studying the pertinent mathematical
literature’’ but ‘‘also aided me in my
search for the field equations of gravi-
tation’’ (ibid.). The omission of all this
from the English language edition
[Einstein et al., 1952], surely left a faulty
impression, as the remainder of the
text, that is, the portion that was

printed, contains only slight hints of
the contributions of others. Yet Ein-
stein clearly did make a sincere effort
to discharge his intellectual debts.

Much else slipped away with the
passage of time, as key witnesses and
their memories passed from the scene.
Hilbert continued to pursue his dream
of axiomatizing parts of physics until
well into the 1920s, but his contribu-
tions to Einstein’s general theory of
relativity were viewed by his contem-
poraries as being only of marginal
importance. With the advent of the
Nazi regime in 1933, Göttingen became
just another provincial German uni-
versity, though the allure of its glorious
past was by no means forgotten. In
his obituary article for his former
mentor, Hermann Weyl briefly alluded
to Hilbert’s friendship with Minkowski
during their Königsberg days, and then
went on to recall wistfully the atmo-
sphere he remembered in Göttingen
after Minkowski’s arrival:

The two friends became the heroes
of the great and brilliant period
which our science experienced
during the following decade in
Göttingen, unforgettable to those
who lived through it. Klein, for
whom mathematical research had
ceased to be the central interest,
ruled over it as a distant but
benevolent god in the clouds. Too
soon was this happy constellation
dissolved by Minkowski’s sudden
death in 1909 [Weyl 1944, 131-132].
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20–26 September 1908, Leipzig: Vogel.

Weyl, Hermann. 1918. ‘‘Gravitation und Elek-

trizität,’’ Königlich Preußische Akademie

der Wissenschaften (Berlin). Sitzungs-

berichte, 465–478, 478–480.

Weyl, Hermann. 1944. ‘‘David Hilbert and his

Mathematical Work,’’ Bulletin of the

American Mathematical Society, 50,

612–654; reprinted in [Weyl 1968, vol.

4, 130–172].

Weyl, Hermann. 1968. Gesammelte Abhandl-

ungen, 4 vols., ed. K. Chandrasekharan,

Berlin: Springer.

� 2009 Springer Science+Business Media, LLC 2009, Volume 31, Number 2, 2009 39


	A Look Back at Hermann Minkowski&rsquo;s Cologne �Lecture ‘‘Raum und Zeit&rdquo;
	Minkowski&rsquo;s Partnership �with Hilbert
	Plans for Hilbert&rsquo;s Paris Lecture
	Boltzmann and the Energetics Debates
	Minkowskian Physics
	On Canonizing a Classic
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


