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\QB Chapter 4. The Curvature of Higher Dimensional Manifolds

A. An Inaugural Lecture

On June 10, 1854 the faculty of Gottingen University heard a lecture

entitled Uber die Hypothesen, welche der Geometrie zu Grunde liegen (On the

Hypotheses which lie at the Foundations of Geometry). This lecture was
delivered by Georg Friedrich Bernhard Riemann, who had been born just a year
before Gauss' paper of 1827. Although the lecture was not published until
1866, the ideas contained within it proved to te the most influential in the
entire history of differential geometry. To be sure, mathematicians had not
neglected the study of surfaces in the meantime; in fact, Gauss' work had
inspired a tremendous amount of work along these lines. But the results
obtained in those years can all be proved with’much greater ease after we have
followed the long series of developments initiated by the turning point in

; differential geometry which Riemann's lecture provided.

A short account of the life and character of Riemann can be found in the
biography by Dedekind* which is included in Riemann's collected works
(published by Dover). His interest in many fields of mathematical physics,
together with a demand for perfection in all he did, delayed until 1851 the

submission of his doctoral dissertation Grundlagen fur eine allegemeine Theorie

der Functionen einer veranderlichen complexen (rosse (Foundations for a general

theory of functions of a complex variable). Gauss' official report to the

Philosophical Faculty of the University of Gottingen stated "The dissertation

; submitted by Herr Riemann offers conviincing evidence of the author's thorough

Even for those who can only plod through German, this is preferable to the
account in E. T. Bell's Men of Mathematics, which is hardly more than a trans-

i lation of Dedekind, written in a racy style and interladen with supercilious
remarks of questionable taste.
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and pentrating investigations in those parts of the subject treated in the
dissertation, of a creative, active truly mathematical mind, and of a glori-
ously fertile originality."

Riemann was now qualified to seek the position of Privatdocent (a lecturer
who received no salary, but was merely forwarded fees paid by those students
who elected to attend his lectures). To at=ain this position he first had to
submit an "inaugural paper" (Habilitationsschrift). Again there were delays,
and it was not until the end of 1853 that Riemann submitted the Habilitations-

schrift, Uber die Darstellbarkeit einer Function durch eine trigonometrische

Reihe (On the representability of a function by a trigonometric series). Now
Riemann still had to give a probationary inaugural lecture on a topic chosen
by the faculty, from a list of three proposed by the candidate. The first two
topics which Riemann submitted were ones on which he had already worked, and
he had every reason to expect that one of these two would be picked; for the
third topic he chose the foundations of geometry. Contrary to all traditions,
Gauss passed over the first two, and picked instead the third, in which he had been
interested for years. At this time Riemann was also investigating the connec-
tion between electricity, magnetism, light,’and gravitation, in addition to
acting as an assistant in a seminar on mathematical physics. The strain of
carrying out another major investigation, aggravated perhaps by the hardships
of poverty, brought on a temporary breakdowr. However, Riemann soon recovered,
disposed of some other work which had to be completed, and then finished his
inaugural lecture in about seven more weeks.

Riemann hoped to make his lecture intelligible even to those members of

the faculty who knew little mathematics. Consequently, hardly any formulas

appear and the analytic investigations are completely suppressed. Although
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Dedekind describes the lecture as a masterpiece of exposition, it is ques-
tionable how many of the faculty comprehended it. In making the following
translation,* I was aided by the fact that I already had some idea what the
mathematical results were supposed to be. The uninitiated reader will probably
experience a great deal of difficulty merely understanding what Riemann is
trying to say (the proofs of Riemann's assertions are spread out over the next
several Chapters). We can be sure, however, that one member of the faculty
appreciated Riemann's work. Dedekind tells us that Gauss sat at the lecture
"which surpassed all his expectations, in the greatest astonishment, and on the
way back from the faculty meeting he spoke to Wilhelm Weber, with the greatest

appreciation, and with an excitement rare for him, about the depth of the

ideas presented by Riemann."

The original is contained, of course, in Riemann's collected works. Two
English translations are readily available, one in Volume 2 of Smith's

Source Book in Mathematics (Dover), and one in Clifford's Mathematical Papers
(Chelsea).
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(10). As described above, the severely opis-
thopubic condition of their pelvis is consis-
tent with the notion that these birds roost-
ed in trees. In contrast, based primarily on
disputed measurements of claw curvature,
Archaeopteryx has been interpreted as
adapted primarily for a terrestrial gather
than an arboreal existence (18). However,
as in the enantiornithines, the morphology
of Archaeopteryx’s pelvis is best interpreted
as adapted for a largely, if not exclusively,
arboreal existence.
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Belated Decision in the Hilbert-Einstein
Priority Dispute

Leo Corry, Jirgen Renn,” John Stachel

\

According to the commonly accepted view, David Hilbert completed the general theory
of relativity at least 5 days before Albert Einstein submitted his conclusive paper on this
theory on 25 November 1915. Hilbert's article, bearing the date of submission 20
November 1915 but published only on 31 March 1916, presents a generally covariant
theory of gravitation, including field equations essentially equivalent to those in Einstein’s
paper. A close analysis of archival material reveals that Hilbert did not anticipate Einstein.
The first set of proofs of Hilbert's paper shows that the theory he originally submitted
is not generally covariant and does not include the expiicit form of the field equations

of general relativity.

to complete the general theory bf relativity,
based on the field equarions

| .
R, = "'K(Tw' - jng) (n

where g, I8 the metric tensor representing
the gravitational potentials, R,. 5 the Ricci
tensor, K is & constant, T, is the stress-
energy tensor of matter, and T is its trace.
The principal difficulty he had to overcome
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was finding the right balance between the
mathematical implications of a generalized
principle of relativity and physical require-
ments such as the existence of a Newtonian
limit (1, 2). Hilbert, on the other hand,
only hegan to work seriously on gravitation
in mid-1915. Concerning physics, his inter-
ests had focused since the end of 1912 on
the structure of matter, and in particular,
since mid-1913, .on Gustav Mie’s special-
relativistic electromagnetic theory of mat-
ter. Then, after Einstein's visit to Géttingen
in the summer of 1915, Hilbert attempted
to forge a synthesis between Mie's theory
and Einstein’s approach to gravitation
based on g, (3, 4).

A recent comprehensive Einstein biog-
raphy, which shows promise of becoming
the standard reference, offers a succinct

SCIENCE « VOL. 278 * 14 NOVEMBER 1997 « www.sciencemag.org




<

2
i
f

hh%%ﬁ’m‘miw -

summary of the presently accepred account
of the almost simultaneous formulation of
the field equations by Einstein and Hilkert

(5):

In rhe decisive phase [of work on veneral rela-
tiviry] Einstein even had a congenial cotleague,
though this caused him more annovance than
joy, as it seemed to threaten his primacy. "Only
one colleague truly understood it, and he now
tries skillfully to “nostrify” [that is, appropriate]
it,” he complained to [Heinrich] Zangger about
what he evidently regarded as an attempe at
plagiarism. This colleague was none other than
David Hilbert. . . . What must have irritated Ein-
stein was that Hilherr had published the correct
field equarions first—a few davs before Einstein.
f.o.

In November, when Einstein was totally ab-
sorbed in his theory of gravitarion, he essen-
tially corresponded only with Hilbert, sending
Hilbert his publications and, on November 18,
thanking him for a draft of his arricle. Einstein
must have received that article immediately
before writing this letter. Could Einstein, cast-
ing his eve over Hilbert's paper. have discov-
ered the rerm which was still lacking in his own
equations [rhe trace term = 1/2g, R (0)], and
thus ‘nostrified’ Hilbert?

Folsing is convinced, in agreement with the
presently accepted view among physicists
and historians of science, that Einstein's
and Hilbert’s achievements were actually
parallel and independent, with the priority
in submitting the field equations in their
final form going to Hilherr (7). If, however,
the standard account were correcr, it would
seem quite possible thar indeed Einstein
“nostrified” from Hilbert the critical trace
term, still missing from the field equations
in the paper he submitied on 11 November
(8). Hilbert’s published paper is mathemat-
ically complex and might have been diffi-
cult for Emstem co fully digest so quickly,
but it does clearly display the field ¢ ua-
tons of general relativiry, including the
critical trace term [(3), p. 404]. Although
this possible conclusion trom rhe accepred
view usually is not drawn. the arguments by
which Einstein is exoulputed are rather
weak, turning on his slowness in fully grasp-
ing Hilbert's mathemarics (5).

In the course of a projeet on the history of
general relativity ar the Max Planck Institure
for the History of Science. archival work by
Corry hrought ro liche o hitherto unnoticed
set of proofs of Hithert's paper 193, Detailed
analysis and comparison of these proots with
both published versions of Hilbert's paper
{10) and with Einsein's papers on gravia-
tion from 1913 ro 1915 () cnabled us to
construct an account of the crucial weeks in
November 1915 thut radically difters from
the standard view, excludes the possihiliey
that Einstein plagiarized trom Hilkert the
last crucial step in completing general rela-
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tivity and sheds new light on Einstein's com-
plaint of “nostrification” by Hilbert.

Both the proots and the final version of
Hilbert's first communicazion (3) are dated
“submitted on 20 November 1915,” presum-
ably referring to the original manuscript. A
copy of the proofs, preserved in his archives
and marked in his own hand “First proofs of
my first note,” bears a printer's stamp dated
6 December 1915 (Fig. 1). However, the
cover of the issue in which the heavily
revised published version appeared is dated

final form of his generally covariant theory
(11), submitted on 25 November 1915 and
published on 2 December 1915. Thus, Hil-
bert could have revised his paper in re-
sponse to Einstein's work.

Differences between the proofs and this
published version of Hilbert's paper confirm
this view. Two of the differences, in partic-
ular, are fundamental.

1) In the proofs, Hilbert asserts that his
theory cannot be generally covariant. In ad-
dition to 10 generally covariant equations,

31 March 1916. Its first note cites Einstein'’s
conclusive paper, in which he reached the

there must be four additional noncovariant
equations to guarantee causality (12):

< .
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Die Grundlagen der Physik,
{Ergte Mitfeilung
Von
David Wilhert.

Vorgelegt in der Rizane vowm 20, November 1415,

Die tiefgreifenden tredanken und originellen Begrifabildungen,
vermiige derer Mie scine Blektrodyunamik aufbant, ond die ge-
waltigen Problemstellungen von Einstein sowie dessen scharf-
sinnige za ihrer Lisune ersounenen Methoden haben der Unter-

I suchung iber die Gruadlugen der Physik newe Wege ardilnet.
Ich michte im Frieanden oo
thode —f aus drei vinfushes Axiomen ein weurs System von {rrund-
gleichungen dec Physil auistellsn, dis von biealer Sehiinheit sind,
nnd in deqes.
euthalten ist.

i Sienn dor asigmatischen Me-

wie jeh planbe, dic Tégung der gestollten Probleme
Die gevauere Ausfiheung sowie vor Allem die

spezielle Anwendong  meiner Grundgleichungen  auf dis funda-
mentalen Fragen der Elektbrizititslehre behalte ich sphteren Mit-
teilungen vor

Es seien te, (s == 1.2 3.4) irgendwelche die Weltpankta wesent-
lich eindrutig benennende Koordinaten, die sogenannton Weltpara-
meler. Dic das Gesebrhen in w, charakterisicrenden Grien seien:

1 die zohn7 Gravitationspotentinle o, (g, v = 1, % 3, 4} mit
svmmetrischem Tensorcharakicr gegeuiiber einer belickigen Trans-
formation der Weltparameter 1,

2} die vier elektrodynsmischon
ehurakter 1u selhen Sinue.

« /

Potentiale g, wit Vektor-

Das plhiosikalische Geseheben st nicht willleielieh, os gelten

vielmedr sunfichst falrends cwer Asiome:

Fig. 1. The first page of a set of proofs of Hilbert’s first communication, with Hilbert's handwritten
corrections and a printer's stamp, dated 6 December 1915. [Reproduced with permission by the
Staats- und Universitatsbibiic thek Géttingen (Handschriftenabteilung), Germany)
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Since our mathematical theorem shows that the
previous axioms | and Il can only provide ten
essentially independent equations for the 14 po-
tentials [of gravitation and electromagnetism];
and further, maintaining general covariance
makes quite impossible more than ten essentially
independent equations for the 14 potentials g
g, then, in order to keep the deterministic char-
acteristic of the fundamental equations of phys-
ics, in correspondence with Cauchy's theory of
difterential equations [that is. to have a well-
posed Cauchy problem], the requirement of four
further non-invariant equations to supplement
[the generally covariant gravitational equations}
is unavoidable. In order to find these equations |
start out by setting up a definition of the concept
of energy.

After setting up an equation that he calls
“the energy theorem,” Hilbert introduces a

third axiom (13):

Axiom Il (axiom of space and time). The space-
time coordinates are those specific world param-
eters for which the energy theorem . . . is valid.
Using this axiom, space and time provide in fact
a labelling of the world points for which the
energy principle is valid.

The validity of [the energy] equation...is a
consequence of axiom lII: these four differential
equations . . . supplement the [generally covari-
ant] gravitational equations . . . to yield a system
of 14 equations for the 14 potentials gt*, q.: the
system of the fundamental equarions of physics.

Note that Hilbert distinguishes here be-
tween the world parameters, which are arbi-
trary, and the space-time coordinates, which
are not. Here he follows Einstein’s earlier
argument against general covariance from
his papers of 1913 to 1915. Einstein then
justified his theory's lack of general covari-
ance and the need to select “adapted coor-
dinate systems” on the same grounds of cau-
sality and energy-momentum conservation.
Hilbert abandoned this entire argument
in the published version of his first commu-
nication. In a letter to Felix Klein (14), he
remarked with regard to the role of the
energy theorem in the proof version of his
theory, “But I later suppressed the whole
thing because the thing did not appear na-
ture to me.” In his second communication,
published in 1917 (15), Hilbert gave a rad-
ically different definition of causality for a
generally covariant theory, essentially the
one accepted today (16). He there critically
notes the noncovariant nature of Einstein’s
earlier work, characteristic also of his own
version in the proofs: “In his original, now
abandoned theory Einstein indeed postulat-
ed four non-invariant equations for the v
in order to save the causality principle in its
old form” (15). Hilbert’s revised definition
of causality for generally covariant theories
led him to explicitly reject the possibility of
the coordinates being physically significant.
In the 1924 version of his first communica-
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tion, he described axiom I, the require-
ment of general covariance, for the first
time as “the simplest mathematical expres-
sion for the requirement that the coordi-
nates in themselves have no sorr of physical
significance . . ." {(10), p. 4].

2) In the proofs of his first communica-
tion, Hilbert's world tunction includes a
gravitational term VeK (17) and indicates
that the gravitational part of the field equa-
tions takes the form of the variational de-
rivative of the gravitational term with re-
spect to the metric. Hilbert does not, how-
ever, give the explicit form of this gravita-
tional part of the field equations. In the
published version, on the other hand, he
explicitly writes down the expression for
the variational derivative [(3), p. 404]

(2)
justifying his expression by the argument

{(3), pp. 404~405]

.. .which follows easily without calculation from
the fact that, except for g, . K, [the Ricci tensor]
is the only tensor of second crder and K {the trace
of the Ricci tensor] is the only invariant that can
be constructed from only the ¢** and its first and

second order partial derivatives. . ..

* This argument is, however, untenable be-

“cause there are many other tensors of sec-
ond order and many other invariants that
-can be constructed from the Riemann ten-
sor; even if one requires linearity i the
Ricci tensor, the crucial coefficient of the
strace term remains undstermined by this
“argument. In the 1924 republication, he
“dropped this argument, replacing it with an
outline of how to calculate the gravitarional

term [(10), p. 7]:

In arder to determine the expression [\’EK]W
one first specializes the coordinate system in such
a way that at the world point being considered all
the g"¥ lthe derivatives of the metric wensor]
vanish. Cne finds in this way {our £q. 2.

To summarize: Initially, Hilberr did not
give the explicit form of the field equarions;
then, after Einstein had published his field
equations, Hilbert claimed that no caleula-
tion is necessary; finally, he conceded that
one is. Taken together, this sequence sug-
gests that knowledge of Einstein's result
may have been crucial o Hilbert's intro-
duction of the trace term into his field
equations.

In the light of this analysis of Hilbert's
work, we can now betrer understand the
exchange between Hilbert and Einstein in
the crucial days of November 1915. On the
14ch, Hilbert wrote to Einstein, inviting
him to come to Gottingen 2 Jays later,
when Hilbert intended ro lecture on “my

axiomatic solution of your great problem.”
In a postscript, he added, “Insofar as I un-
derstand your new paper, the solution given
by vou is completely different from
mine ... " (18). Hilbert is referring to Ein-
stein’s communication of 4 November to
the Prussian Academy of Sciences. On the
15th, Einstein replied (19), excusing him-
self from coming on grounds of being over-
worked, expressing great interest in Hil-
bert’s work and asking for a copy of Hil-
bert's paper as soon as possible “to satisfy my
impatience.”

Hilbert must have sent rthe requested
copy or a summary of his paper immediately
because, on the 18th, Einstein replied, re-
acting sharply to Hilbert's claim of original-
ity. Far from thanking him for sending his
communication, as Folsing claims, Einstein
began his letter by denying the novelty of
Hilbert’s approach: “The system given by
you agrees-—as far as | can see—exactly
with that which I found in recent weeks
and submitted to the Academy” (20). In
order to claim his priority, he explained to
Hilbert that he had “considered the only
possible generally covariant field equations
three years earlier.” He also insinuated that
Hilbert had not even discussed the funda-
mental physical problems raised by these
equations (20):

The difficulty was not to find generally covariant
equations for the gh*; this is easy with the help of
the Riemann tensor. What was difficulr instead
was to recognize that these equations form a
generalization, and, that is, a simple and natural
generalization of Newton's law.

Einstein’s claim is understandable. In his 4
November paper, he had announced with
a flourish his return to the Riemann tensor
as the appropriate starting point for a the-
oty of gravitation (21). Although the the-
ory in this paper is different from the
version of Hilbert's theory that he saw, as
well as from the version of the theory
Einstemn Jdeveloped by the 18th, they are
all based on the metric tensor and the only
generally covariant tensor that can be
built from it, the Riemann tensor, as their
common foundation.

It was after this exchange with Hilbert
that Einstein wrote a friend charging Hil-
bert with “nostrification.” Einstein's letter
ot 18 November may have been the motive
for a reputed apologetic letter (now lost) by
Hilbert to Einstein {(7), p. 261} and Hil-
bert’s handwritten note, added to the proofs
of 6 December, supplementing his initial
reference to the gravitational potentials g, ,
with the phrase “first introduced by Ein-
stein” (Fig. 1).

In any case, by 20 December 1915, that
is, before the appearance of Hilbert’s final
version, Einstein's anger had subsided to the
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point that he offered to Hilbert a reconcil-

iation (22):

There has been a certain resentment between us,
the cause of which I do not want analyze any
further. | have fought against the feeling of bit-
terness associated with it, and with complete
success. | again think of you with undimmished
kindness and | ask you to atrempt the same with
me. It is objectively a pity if two guys that have
somewhat liberated themselves from this shabby
world are not giving pleasure to cach other.

In the printed version of his paper, Hilbert
added a reference to Einstein's conclusive
paper and @ concession of the larter’s prior-
ity: “The differential equations of gravita-
tion that result are, as it seems to me, in
agreement with the magnificent theory of
general relativity established by Einstein in
his later papers” [(3), p. 404]. If Hilbert had
only altered the dateline to read “submitted
on 20 November 1915, revised on [any date
after 2 December 1915, the date of publi-
cation of Einstein’s conclusive paper},” no
later priority question could have arisen.

REFERENCES AND NOTES

1. The conclusive paper is A. Einstein. Sitzungsber.
Preuss. Akad. Wiss. 1915, 844 (1915).

2. For a historical review, based on jont work with M.
Janssen, J. Norton, and J. Stachel, see J. Renn and
T. Sauer, Phys. BI. 52, 865 (1996).

3. The conclusive paper is D. Hilbert, Nach. Ges. Wiss.
Goettingen 1916, 395 (1916).

4. For historical reviews, see (23); M. J. Mehra, Einstein.
Hilbert, and the Theory of Gravitation (Reidel, Dor-
drecht, Netherlands, 1974); and J. Earman and C.
Glymour, Arch. Hist. Exact. Sci. 19, 291 {1978).

5. A Félsing, Albert Einstein: A Biography (Viking. New
York, 1997). pp. 375-376. The translation has been
slightly modified.

Br-Hilbert used the trace of the Ricci tensor (3), whereas

~Einstein used the trace of the matter tensor (see Eq.-

4Ji.but these two forms are essentially equivalent.

7. See, for example, A. Pais, "Subtle is the Lord..."
The Science and the Life of Albert Einstein {Oxford
Univ. Press, New York, 1982}, pp. 257-261.

8. A. Einstein, Sitzungsber. Preuss. Akad. Wiss. 1915,
799 (19185).

9. Staats- und Universitatsbibliothek Géttingen {Hand-
schriftenabteilung), Cod. Ms. D. Hiibert 634,

10. Hilbert republished his paper (3) with extensive
changes in Math. Ann. 92, 1 (1924).

11. Einstein’s paper (1) is cited on p. 395 of (3), as noted
by Guth (23).

12. Pages 3 and 4 of the proofs (9); translation of this and

the following quotations is by the authors.

13. Page 7 of the proofs (9).

14. D. Hibert, letter to F. Klein, 7 March 1918, in Der

Briefwechsel David Hitbert— Felix Klein (1886-1918),
G. Frei, Ed. (Vandenhoeck and Ruprecht, Géttingen,
1985), p. 129.

15. D. Hilbert, Nach. Ges. Wiss. Goettingen 53, 81 (1917).

16. For a discussion of Hitbert's revised definition of cau-
sality and its implications for the Cauchy prablem in
general relativity, see J. Stachel, in Studies in the
History of General Relativity (Einstein Studies Vo!. 3).
J. Eisenstaedt and A. J. Kox, Eds. (Birkhauser. Bos-
ton, 1992), p. 407.

- Hilbert denotes the Riccs tensor by K, and its trace
by K. He does not note the negative value of the
determinant of the metric tenscr g untii later {10).

18. D. Hiloert, letter to A. Einstein. 14 November 1915,

Einstein Archives Call N¢. 13-052. We understand
that this and the letters referred to in the following will
be published in the forthcoming volume 8 of the

1

vy

S N T B v B v

Collected Papers of Albert Einstein.

19. A. Einstemn, letter to D. Hilbet, 15 November 1315,
Einstein Archives Call No. 1Z-089.

20. . letter to D. Hilbert, 13 November 1913, Ein-
stein Archives Call No. 13-001.

. K. Pr. Akad. Wiss. Sitz. 1915, 778 11915).

. letter to D. Hiloert, 20 December 1215, Ein-
stein Archives Call No. 13-093.

23. E. Guth, in Relativity, M. Carmeli et a/., Eds. (Plenum,
New York, 1970), p. 161.

24, The authors wish to thank G. Castagnetti for his

21,

cooperation in the archival work, especially in the
dating of the central documents. They also thank P
Damerow, M. Janssen, U. Majer, D. Rowe. and T.
Sauer for helpful discussions. We aiso thank Z.
Rosenkranz and the Einstein Archives. The Hebrew
University of Jerusailem, israel, for permission to
guote from Einstein's letters, and the Staats- und
Universitatsbibliothek Gottingen (Handschriftenab-
teilung) for the kind permission to reproduce Fig. 1.

7 August 1997; accepted 12 October 1997

Warming Early Mars with Carbon Dioxide Clouds
That Scatter Infrared Radiation

Francois Forget and Raymond T. Pierrehumbeit

Geomorphic evidence that Mars was warm enough to support flowing water about 3.8
billion years ago presents a continuing enigma that cannot be explained by conventional
greenhouse warming mechanisms. Model calculations show that the surface of early
Mars could have been warmed through a scattering variant of the greenhouse effect,
resulting from the ability of the carbon dioxide ice clouds to reflect the outgoing thermal
radiation back to the surface. This process could also explain how Earth avoided an early
irreversible glaciation and could extend the size of the habitable zone on extrasolar

planets around stars.

It is most likely that the martian atmo-
sphere 3.8 billion years ago was composed
primarily of CO,, with a surface pressure
ranging from a few hundred to several thou-
sand millibars, and some H,O (1). At that
time, the solar luminosity was about 25%
lower than it is at present. Under such
conditions, calculations performed with a
one-dimensional (1D) climate model by
Kasting (2) showed that the atmospheric

- CO, should condense in the atmosphere for

surface pressures larger than a few tens of
millibars. Kasting found that the condensa-
tion of CO, decreases the atmospheric tem-
perature lapse rate and reduces the magni-
tude of the greenhouse effect, making it
impossible to warm the surface of Mars
enough to allow the presence of fluid water
together with a CO,-H,0O gaseous atmo-
sphere. Several alternative mechanisms
such as geothermal heating (3), an early
more massive sun (4), or the greenhouse
effect of methane (5) and ammonia (6)
have been considered but none has provid-
ed a likely solution to the early Mars cli-
mate enigma (5).

Another consequence of the condensa-
tion of CO, is the formation of CO,; ice
clouds. Because they arc perfect scatterers at
solar radiation wavelengths, the CO, ice
particles should raise the planetary albedo.

F. Forget. Laboratoire de Météorologie Dynamique du
CNRS. Université Pierre et Marie Curie, Boite Postale 99,
4 place Jussieu, 75252 Paris Cedex 05, France. E-mail;
forget@ima.jussieu. fr
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In the thermal infrared (IR), CO, ice is at
least 500 times more transparent than water
ice, except near 15 pm where the v, ab-
sorption band is located and above 90 um
where two broad lattice vibration bands
were measured (7). Thus, CO, ice clouds
should not be able to contribute to an ab-
sorption-emission greenhouse effect as cir-
rus clouds on Earth do. On this basis, Kast-
ing (2) estimated that CO, ice clouds
should cool the planet through reflection of
sunlight uncompensated by IR trapping.
We have studied the IR properties of the
CO, ice clouds using a two-stream, hemi-
spheric mean, source function code that
allows for multiple scattering, absorption,
and emission by atmospheric particles (8).
The CO, ice particle single-scattering prop-
erties were obtained from the refractive in-
dex measured by Hansen (7), using Mie
theory with a modified gamma size distribu-
tion of effective variance 0.1 (9). As ex-
pected by Kasting, a cloud composed of
CO; ice particles smaller than a few mi-
crometers should be almost transparent in
the IR, except near 15 wm. However, larger
particles can be expected in CO. ice clouds.
Crystal size is determined by the time re-
quired for crystal growth versus the time it
takes for the particles to fall out of a super-
saturated layer (sedimentation). On Earth,
despite the fact that the growth of water ice
particles is limited by the diffusion of water
vapor through air, particles 80 wm or larger
are often observed in cirrus ice clouds, and
the observed radiative properties of Earth's
cirrus clouds can be fit by assuming equiv-
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Albert Einstein. A Biography. ALBRECHT
FOLSING. Viking, New York, 1997. xiv, 882 pp.
+ plates. $34.95 or C$45. ISBN 0-670-85545-
6. Translated from the German edition (Frank-
furt am Main, 1993) by Ewald Osers,

Einstein. A Life. DENIS BRIAN, Wiley, New
York, 1996. xvi, 509 pp. + plates. $30, ISBN
0-471-11459-6, paper, $19.95 or C$27.95,
ISBN 0-471-19362-3.

The publication of these two volumes
brings to at least six the number of bio-
graphical works about Einstein appearing in
the past five years (1), with others rumored
" to be in preparation. Einstein will, of
course, and should continue to draw our

- BOOK I}_EVIEWS

A Biographical Bandwagon

stein and his first wife, Mileva Mari¢, from
which we learned of the birth of their ille-
gitimate daughter, Lieserl, in 1902 and
pleaned hints of previously unsuspected sci-
entific collaboration between Albert and
Mileva during their student years (3). Only
a little less sensational were the early letters
between Einstein and his second wife, Elsa,
which revealed the development of their
relationship well before Einstein's separa-
tion from Mileva and thus a powerful addi-
tional motivation for Eirstein's move from
Zurich to Berlin—Elsa’s home—in 1914
(4). Background research for The Collected
Papers has led to equally important discov-
eries on the scientific side, especially con-

interest. His development of the special
and general theories of relativity, there-
by laying the foundation for modern rel-
ativistic cosmology, his role in the de-
velopment of the quantum theory, his
contributions to our understanding of
Brownian motion and the foundations of
statistical physics, and his pursuit of the
dream of a unified field theory mark him
as the greatest scientist since Newton.
He was an important figure in the polit-
ical history of the 20th century through
his work on behalf of pacifism, Zionism,
and socialism, his role as an instigator of
the American atomic bomb project, his
post-war advocacy of the sharing of nu-
clear secrets, and his opposition to the
McCarthyite persecutions of the late
1940s and early '50s. Einstein rhe human
being also makes a fascinating study, for
this modest and painfully self-aware in-
tellectual combined a passionare love of
1 humanity and a capacity for deep and
enduring friendships with what often
seemed a selfish and callous indifference
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to the feelings of some of those closest to
-him, especially his two wives and his
«children.
& The recent spillage of ink over Ein-
ein's life, however, is to be explained
bss by these perennial considerations
an by lurid curiosity aroused by some new
‘f‘i}}formation uncovered by the editors of
e Collected Papers of Albert Einstein in
k k'e course of preparing the first volumes
inthe series (2). Most notable in this regard
e the so-called “love letters” between Ein-

“A New Giant in World History . . . whose research-
es mean a complete overthrow of our views of na-
ture,” 1919. [From Albert Einstein: A Biography; Ull-
stein Bilderdienst]

cerning the genesis of genzral relativity (5),
but the new biographies have paid compar-
atively little attention to these less salacious
matters.

Widespread interest in what we now
see to be the more complicated human

character of Einstein has created a climate
in which authors and publishers are
tempted to rush into print with inferior or
at best premature efforts. In different ways,
the biographies by Fslsing and Brian illus-
trate the problem. Both offer largely reli-
able guides to the basic facts about Ein-
stein’s life, if not also his scientific work
(6). Moreover, both authors make exten-
sive use of the materials now available in
the Einstein Archive, though Félsing does
so to better advantage, and each author
contributes some new information based
on original research and the identification
of new sources. But in addition to occa-
sional technical or factual errors, both
books evince serious flaws, ranging from
lapses of style to problems of overall con-
ception and balance. In the end, neither
can be judged a significant contribution to
the literature on Einstein or can be rec-
ommended unreservedly.

Of the two Félsing's is, without question,
the better. Indeed, the effort and ambition
that have gone into the preparation of this
massive book (7) could have made it a
worthy successor to Ronald Clark’s Einstein:
The Life and Times (8), which was the first
truly comprehensive biography of Einstein
but, written just a few years before the
Einstein Archive was made available and
the Einstein Papers project got under way,
was soon dated.

Folsing is a science journalist whose
work includes biographies of Galileo,
Rontgen, and Hertz (9). In places, he
makes a sincere effort to explain Einstein’s
scientific work, especially for the years
through 1914, where editorial notes in the
published volumes of The Collected Papers
provide a guide, but the treatment is still
superficial and irsceure. Foising does a
more thorough jc » with Einstein'’s private
and public life. Cne might question, how-
ever, the relative attenrion paid to differ-
ent periods. Like other authors following
the lead of the early volumes of The Col-
lected Papers, Folsing devotes considerable
attention to the years from Einstein’s birth
in 1879 to his 1914 move to Berlin, and
his 19 years in Berlin receive even more
intensive treatment, occupying 338 out of
a total of 741 pages of text, whereas his 22
years in Princeton (1933-1955) receive a
mere 63 pages. The child being the father
of the man, it is necessary that we under-
stand Einstein in those early years, which
in any case include the annus mirabilis of
1905, in which Einstein’s first papers on
relativity, the quantum theory, and
Brownian motion appeared; and it was
during his Berlin years that he became the
public figure whose every utterance made
front-page news from Berlin to New York.
Surely, however, Einstein’s involvement



in the politics of American atomic weap-
ons development, his emergence as one of
America’s leading public intellectuals and
an influential voice on issues ranging from
social justice and racial discrimination
to international understanding and Arab-
[sraeli relations, as well as the steady re-
finement of his critique of the quantum
theory and his pursuit of a unified field
theory, are all more important than the
question whether, as the German govern-
ment claimed at the time of his receipt of
the Nobel Prize in 1922, he had actually
become a German citizen upon accepting
an appointment to the Prussian Academy
of Sciences in 1914 or the even less inter-
esting matter of his romantic liaisons with
Berlin socialites.

lt is the failings of the translation, how-
ever, that most clearly indivate inditfer-
ence toward quality on the part of the
publishers. Ewald Osers has produced an
admirably fluid and colloquial translation
of most of the text, excepting, surprisingly,
the scientific material, where one finds an
embarrassing number of errors, the worst
being the laughable rendering of Verjiin-
gung, the German term for the tensor op-
eration of contraction, as “rejuvenation”
(p. 648). One also puzzles over Osers's
decision to translate afresh many passages
from Einstein’s papers and letters {or
which technically superior English trans-
lations have long been available. Related
to this is the preservation of Fslsing's ref-
erences to German editions of works that
are widely available in English translation,
as a result of which the very readers who
have need for this translation of his biog-
raphy wiil find the citations less helpful
than they could have been.

One final reservation must be recorded.
Folsing pays considerable attention to Ein-
stein’s evolving attitude toward his Jewish
identity and his involvement with the Zi-
onist movement. One wants to commend
this entirely appropriate emphasis but for
the fact that Folsing himself seems (to put it
charitably) uncomfortable with the subject,
as signaled, for example, by his habit of
using a term, Stammesgenossen, that Ein-
stein used occasionally for the purpose of
referring to his fellow Jews by an ethnic, not
religious, designation. Einstein’s own inno-
cent employment of a term that we now see
as having racialist overtones does not justify
a biographer’s overuse of it. The problem is
only compounded by Osers’s translation of
the term as “tribal companions,” when “kin-
dred” would be the more accurate equiva-
lent (10).

When one tumns to the biography by
Denis Brian, one can only ask whether
Wiley, a reputable science publisher, had
any reason for publishing this hook other
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than a desire to jump on the Einstein biog-
raphy bandwagon. Brian's book rells us vir-
tually nothing about Einstein’s scientific
work, aside from a few amateurish descrip-
tions. What, for example, is “the quadruple
[sic} formula for gravitational radiation” (p.
95)? Did Einstein really “pertect” the pho-
toelectric effect (p. 105)? Did Otto Hahn
really discover atomic fission in 1920 (p.
110)?

Brian concentrates instead on Einstein
the person. But in spite of his promise that
“this account will surprise those fixed on
him as a secular saint,” that its exploration
of Einstein's private life will reveal him
“with his halo slightly askew” (p. xi), Brian
tells us virtually nothing that is not already
well known in the literature, aside from a
few quite unsensational stories gleaned from
Princeton acquaintances.

Brian’s style is breezy and journalistic,
as is not surprising from an author whose
previous books include biographies of
Ernest Hemingway, Tallulah Bankhead,
and the parapsychologis: J. B. Rhine and a
set of conversations with famous scientists
(10). The book lacks any organizing idea
other than the most linear narrative struc-
ture, and its efforts to set Einstein's life
and work in a broader historical setting are
uneven and superficial. Among the most
annoying features of a most annoying book
are the many forced, often silly transitions
from one topic to another. My favorite is
the sentence that carries us from discus-
sions of racial discriminarion, the atomic
bomb, and the sad situation in Palestine in
1946 (all in three paragraphs, one might
note) to remarks about a few inconsequen-
tia! pieces of correspondence: “If Einstein
needed to escape from the nightmare of a
devastated world, he had merely to look
through his mail from women” (p. 352).
Should the reader be more offended by the
implied insensitivity to the sufferings of
Jews and Arabs in Palestine or by the
triviaiization of women as corresponderes?
Or should we be most offended by Wiley's
failure to insist on a higher standard of
editorial decency? That the latrer is the
root of the problem is suggested by the
inclusion of a rasteless appendix that tells
the pathetic tale of the removal of Ein-
stein’s brain and eves by ghoulish, souve-
nir-hunting physicians before the body
was cremated.

When major publishing companies are
putting out this kind of biography, it is
time for a moratorium. A definitive biog-
raphy of Einstein cannot be written until
the Einstein Papers project is completed,
both because new marerial is still being
discovered by the edirorial staff and be-
cause an appreciation of Einstein's life,
work, and legacy will require the perspec-

tive that only time and distance from a

¥

pandering press can give. Surely we owe

him that much respect.
Don Howard
Department of Philosophy and Program in
History and Philosophy of Science,
University of Notre Dame,
Notre Dame, IN 46556, USA
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