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those cases where the base of the segment is greater than triple its height—J:u'g_,*_[
as HERO indicates at the end of Metrica 1, 31. Tt thus appears that the schohas:i
has annotated his text of the Geometrica on the basis of a text of the Metrica

and that the attribution to ARCHIMEDES in I, 32 has since dropped out of the

tradition, as represented by the unique manuscript now extgnt. Just ag in_ 111, 17
and 23 (where excerpts of proofs from SC I1, 3 and 4 are given), so also in I., 32
HERO must have reproduced a proof in explication of a theorem ascribed

explicitly to ARCHIMEDES.
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1. Introduction

The vast majority of current English language textbooks on relativity

. theory treat, either explicitly or implicitly, the field equations of general re-
- lativity as EINSTEIN’s equations.” By contrast, PAULI? credits HILBERT as
- being co-discover of the field equations.® GUTH* has claimed that HILBERT
- deserves no credit since he knew of EINSTEIN’s formulation of the field equa-
 tions before proceeding to an after-the-fact derivation from a variational prin-
- ciple. GUTH’s claims have in turn been disputed by MEHRA.® Questions about
 the priority of discoveries are often among the least interesting and least
_important issues in the history of science, and our main purpose here is to

lluminate the development of EINSTEIN’s ideas rather than to engage in
priority disputes. It turns out, however, that for the crucial period of 1915,
hese two matters are intimately linked.

EINSTEIN corresponded regularly with MICHELE BESSO, PAUL EHRENFEST,
ERWIN FREUNDLICH, ILA. LORENTZ, and ARNOLD SOMMERFELD. But during
he period from late October to late November of 1915, the correspondence
virtually ceases—in the EINSTEIN Papers at Princeton there are no letters from -

! See, for example, C. M@LLER, The Theory of Relativity (Oxford: Clarendon Press,

11952); R.C.TOLMAN, Relativity, Thermodynarics, and Cosmology (Oxford: Clarendon

Press, 1962); 8. WEINBERG, Gravitation and Cosmology {New York: John Wiley, 1972); and

‘R.ADLER, M.BAzIN & M.SCHIFFER, Introduction o General Relativity (New Yorl:
“MeGraw Hill, 1975).

* W.PauLY Theory of Relativity (New York: Pergamon Press, 1958}, footnote 277,
. 143,

*See also H.WEYL, “Zu David Hilberts sicbzigstem Geburtstag.” Die Natur-
vissenschaften, 20 (1932), 57-58, “50 Jahre Relativitdtstheorie,” ibid, 38 (1951), 73-83;
. JORDAN, Schwerkraft und Weltall (Braunschweig: F. Vieweg und Soha, 1955), Secs. 13-14;

and C. RED, Hitbert (New York: Springer-Verlag, 1970), p. 141.

*E.GurH, “Contribution to the History of Einstein’s Geomatry as a Branch of
hysics,” in M. CARMELI (ed.), Relativity {New York: Plenum Pres, 1970).

* J. MEHRA, “Finstein, Hilbert, and the Theory of Gravitation,” in J. MEHRA (ed.), The
hysicist's Conception of Nature (Dordrecht-Holland: D. Reidel, 1973).
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EINSTEIN to any of these figures for the period in question.® The reason for
this hiatus is given by EINSTEIN in a dramatic letter to SOMMERFELD, dated. -

November 28, 1915:
Dear Sommerfeld: . .
Don’t be angry with me for only today answering your frlie'ndly and
interesting letter. But last month I had one of the mos.t exciting, most :
strenuous times of my life, also one of the most rewarding, 1 could nOt-._'

concentrate on writing, o ' . .
I recognized, namely, that my former gravitational field equations were |

completely unfounded!”

1916 EINSTEIN's ideas were afforded any special prominence, despite the pro-
minence of their author.

While we do not know exactly when HILBERT became interested in gravi-
tational theory, we do know that by mid-1915 he was well acquainted with
EINSTEIN’s work, for that summer EINSTEIN addressed a seminar in Gittingen,
HILBERT attended and FEINSTEIN reported to SOMMERFELD that “In
 Gottingen 1 was extremely pleased that everything was understood in de-
-~ tail.”'" HILBERT was also familiar with GUSTAV MIE’s theories and was at
work on combining MIEs approach to 2 theory of matter with some of
EINSTEINs ideas on gravitation {see Section 5 below). HILBERT’s aim was not
: simply synthetic; it was, rather, to illustrate the power of the axiomatic method
After he had succeeded in formulating the “corre_ct"’ equations3 thefre }\lfvasha _- . i the domain of physics.*?
flood of letters from EINSTEIN to his friends, explaining the details of w attl, .
regarded as “the most priceless find 1 have madfz 13':1 my l1fe.' Thefr.naclf‘r} o‘u 1;19,.
of the route by which EINSTEIN arrived at this “most priceless ’}’ N an 1__‘“’:_
discerned from the four papers he published in t.h.e Proc;cdmgs Oh tdeb Bfﬂlln :
Academy during November of 1915. But additional light 1s ES eTElg' g
surviving pestcards and letters of the correspendence between hINS 'tterdno'f.
HiLBeRT during this month.® This cotrespondence links the o dotail
EINSTEIN’s progress with the issue of priority. But before turning 1':o . 1():{ ILBER .
some brief remarks about the respective approaches of EINSTEIN an
e I;?Nosr;iffirN had been working intensively on-gravitaii()ﬂﬂl ih?OTYZS;DU‘;e 191}_!2_-_
Besides the field equations which he proposed in 1913 (see Section 1 el()‘;i)\;it €
had developed and published much of the frarpework of genera tfztlthegé
including the ideas that gravitational effects require a tensor t}ieor%r, raitatioﬁ
effects determine a non-Euclidean geometry, tlhat this metric rf) eo gf_d‘; o
results in a red shift and in the bending of light passing near a massiv wiglz_
Gravitation had become a lively field of research during these Y"aéssman. :
detailed theories proposed by ABRA}.iAM, MIE_, NORDSTROM, Sjnt befor)ei'
others. '® But among thesc many theories, there is liitle evidence tha :

2. The Einstein-Grossmann theory

In a paper of 1913, written jointly with his friend and collaborator MAR.
CEL GROSSMANN, EINSTEIN had proposed the following field equations for
: pravitation:!3

Alf =y T4

AU = 1/H(gk"’V_‘ggij,ril),k ﬁ gkm gm- gi”,k gjr,m (])
+%gki glllj glll‘,k gm‘, m %gfj gkm gr.!r,k gm.,m

where the 7'/ are the contravariant components of the energy-momentum
ensor for “matter fields”, the g’/ and the g;; are respectively the contravariant
and covariant components of the metric tensor, and g is the determinant of g
n public, EINSTEIN continved to maintain this theory until November of 1915:
but his private attitude lacked the wholchearted commitment that was so
haracteristic of his approach to physics. EINSTEIN's ambivalence is evident in
a letter to SOMMERFELD, dated July 15, 1915. On the one hand, EINSTEIN is

SR oncerned to make it clear that the theory of which (1) is the core is his theory:
6 Nor“.;c there any letters to W. DALLENBACH, M. GROSSMANN or L. HopF,

7 A HERMANN (ed.), Albert Einstein/Arnold Sommerfeld Briefwechsel (Basel: Schwab’g
and Co‘ 1968), p. 32. Our translations of the EINSTEIN-SOMMERFELD correspondenceha;'g
taken fr:)m RO’GER and HELGA STUEWER's transtation of this book, We are grateful tot em

3 i issi i i lation. -
for their permission to use their unpublished trans S .

8 Frorr)n a letter to SOMMERFELD, dated Deecember 9, 1915: Emstem/Sommlegld

Briefwechsel, p.37. N ' .
”‘-’); The mafi)l service, which was very efficient by current standards, c}liowed EI;\ISTEIN
and HILBERT to be in almost instantaneous contact—a letter mailed one 1iay by
EINSTEIN in Berlin or by HILBERT in Gottingen would reach th;: o}:her the fo n%:;t%
\ i iscussi below, the nature of the correspo
dav. As will be seen from our discussion . the . !
l:Ii;ptS one to speculate that the history of gravitational theory might have beet
i i i i fficient. :
. tlv different if the mail delivery had been 1655' effi L . -
Slgnir‘icgcl:le 13\(/1 ABRAHAM, “Una nuova teoria della gravitazione, Nuovo C Lmen_to, 4 (193),
459431, G MIE “Grundlagen einer Theorie der Materie,” Amnalen de}: Physik 37 (19)
511-534f 39' (191,2) 1-40; 40 (1913), 1-66; G. NORDSTROM, “Zur Theorie der Gravitation
vom Sta,ndpunkt des Relativitiitsprinzips,” Annalen der Physik, 42 (1913), 533554

Grossmann will never claim to be co-discoverer. He only helped me to

orient mysell in the mathematical literature, but contributed nothing ma-
terially to the results.'*

1 Einstein/Sommerfeld Briefwechsel, p. 30.
'# For more details, see L. PYENSON, The Géttingen Reception of General Relativity, Ph.
D). thesis, Johns Hopkins University, 1974.

'* A FINSTEIN & M.GROSSMANN, “Entwurf einer verallgemeinerten Relativitiits-
theorie und einer Theorie der Gravitation,” Zeitschrift fir Mathematik und Physik 62
1913), 225-261. EINSTEIN’s notation has been modernized. In particular, ordinary
erivatives are denoted by a comma and covariant derivatives by a semi-colon. Latin indices
un from 1 to 4, and the EINSTEIN summation convention on repeated indices is used
hroughout. .

Y% Einstein/Sommerfeld Briefwechsel, p.30. We shall discuss EINSTEINS seemingly
Ingenerous treatment of GROSSMANN's contribution in another paper on the EINSTEIN-
ROSSMANN collaboration during 1913-1914,
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On the other hand, EINSTEIN is obviously less than ent‘.m'lsiist.lc about
SOnMMERFELD’S plan to include the papers on “general relativity” 1n a new
edition of The Principle of Relativity.

I should like to see this little volume printed without moludlrtlagﬁia;);ﬂ;n% ;tr;
the general theory of relativity, jbecause none Qf thehpreselgeml} e
are complete, ... Should you ipsxst upon mciu@mg the 1g;:rl _
rel[ativity]} in the new edition, it does not matter to me.

FINSTEIN's lack of enthusiasm was due in larg'e measure to the ?ct Sthi}higﬁ
equations(l} are not generally covariant. Despite the consideration

- - 16 he aban-

i i abandon general covariance, _

thought to require him to aban : ; °,) .

EINSEE? “withga heavy heart”!” and a nagging scnse that something wa]s 20{;

riogz 18 ggill. it was not until sometime in late 1915 that EINS;EéNdCEOE\?S‘;E?N

thgat -the EIN’STEIN—GROSSMANN theory was wroriig. Wheg.e;a‘it \j Slbdsedv _
ion’ s on which 1t was b¢ !

: i clusion? And what were the groun |
redclh thls(fsizard to HILBERT, dated November 7, 1915,t° EINS.TEIN states ;'h?t
h hnag ];(nown for “about four weeks” that the demonstation of the fie

e

equations (1) which he had attempted in 1914 in a paper published in the: |

(13 3 bH M . d
Proceedings of the Berlin Academy?® was “delusive. Thfget 1;: (:?)ocrtr;% 83;11
dent confirmation of this dating in a letter to LORENTZ da e‘ ober 1
I]331115 21 in which EINSTEIN expressed rescrvations about his z}t;cmp o limit
“ho iltoni jon that, in conjunction with a variationa
e of the Hamiltonian function , in col : : !
thr?nzlzs;s was to yield the equations (1). And this is the redsonlgll‘Satzjﬁggn;g%
E uation’s (1) that EINSTEIN gave in his paper of November 4, b A,c:ademy e
tl?e first of four papers to appear in the Proceedings of the Berlin ;
> . . T
thathflﬂ ﬁinst};apcr of 1914, EINSTEIN had attempted to derive a characterizatx._o_p
of the tensor density %;; in a field equation of the form

15 Finstein/Sommerfeld Briefwechsel, E; 30. (Ret. 13
16 dix to the “Entwurf” paper (Ref. 13). - i o
L7 S;%Eizﬁ?ﬁ c‘]‘1Zur allgemeinen Relativititstheorie,” Sltzungsbemg ichte de Komghc. e
: emi is erlin, 44 (1913), p. 778, P
eussischen Akademie der Wissenschaften zu Berlin, : . o
Pn[{z’bgig{;?"nm?s uneasiness about using non-generally covariant ebc%uatltlnspiz;lzﬂlz;isc_h
- § . . - ms. . h
in hi “ enwirtigen Stande des Grawta.tl.onspm cIms, alisch
;1 _hlS! P_;lfﬁl;si (1Z£;11rir’:1) ngp pp. g;12574258, and “Prinzipielles zur lv;gail%ggemgége;tc
eitschrift, X ] 58, an allge
R;;Li\:;tﬁtstheoric und Gravitationstheorie,” ibid, 15 (1914}, esp. }‘)p. T mcsioh
PINSTEIN's correspondence with EHRENFEST and LogENTz, EINSTEIN Pn d’etail i
University, microfilm reels 1B. i, nos. 9 and 16. We .dlSCU,SS th-ese mattﬁzrs.i detn
: er “L%st in the Tensors: Binstein’s Struggles with Covarl.ance Princip
f‘o I;916 ” to appear in Studies in History and Phi?osoplhy of Science. 13
19 ]é.ENSTEIN Papers, Princeton University, mlcrofllrp reel I.B<'1,. r;1_o.ﬂl A.Orie  Sirsiie
20 A FyNsTEIN, “ Die formale Grundlage der allgemeinen Relativititsthe " ,41 ot
berichie ‘df.’f‘ K('ir’iig}ichen Preussischen Akademie der Wissenschaften zu Berlin, 52
eric [

—1085. L "
103?11E0§NSTEIN Papers, Princeton University, microfilm reel LB. L, no. 16.

22 Ref. 17.
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gij zxf/—ij 1)

where %, represents the gravitational field itself and where T=V—g 1;;. The
derivation begins with a version of the principle of relativity; namely, the
requirement that the field equations be covariant under arbitrary linear coor-
dinate transformations. From this requirement, BINSTEIN argues that ,; must

have the form
0,00 oV =)

ag" agij,k

(2)

where H is a function of g/ and of g .. He then argues that H is determined
up to a constant factor by the further requirement that it be a homogeneous
function of the second degree of the g" - It was this derivation that EINSTEIN
now found delusive.

As a matter of logic, perhaps, the failure of this derivation was not by itself
a compelling reason for abandoning the theory, for the fact that one attempt to

_justify the theory fails does not show that no other justification is possible,
- much less that the theory is incorrect. But for EINSTEIN, who characteristically

sought to found gravitational theory on some sweeping principle, his inability
in this case to found his field equations on the principle of relativity may have
- been sufficient to undermine his confidence in the cquations themselves, Thus,

n his paper of November 4, 1915 he wrote:

For this reason, I completely lost confidence in my earlier equations and

sought a new method by which to rtestrict the possibilities in a natural
23
way.

There were, however, other considerations which may have been even more
mportant cases of this loss of confidence. In correspondence EINSTEIN cites
he consideration about the choice of the Hamiltonian in conjunction with
other more compelling factors. In the letter to SOMMERFELD of November 28,

EINSTEIN lists three reasons for his loss of confidence in the methods and
esults of the EINSTEIN-GROSSMANN theory:

1) I proved that the gravitational field for a uniform rotating system does
not satisfy the field equations.

2) The motion of the perihelion of Mercury yielded 18" instead of 45" per
century.
3) The covariance requirement in my paper of last year did not yield the

Hamiltonian function H. It permits, if appropriately generalized, an
arbitrary H.2*

he same reasons are listed in a letter to LORENTZ dated Tanuary 1, 1916;25
he only difference is that the order of points 1) and 2) is inverted.

Point 2) was obviously a serious blow since from very early on EINSTEIN

23 Ref 17, p. 778.
** Einstein/Sommerfeld Briefwechsel, pp. 32-33,
25 BINSTEIN Papers, Princeton University, microfilm reel 1.B. 1, no. 16.
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had believed that the precession of the pe}*ihellop .of Mercury g\gﬁ_ kae ieori:rgi: |
relativistic effect. In order to unders‘{a.nd point 1), it is nec?ss}?ryB e oy
. . First, in his paper of 1914 in the Pr(.)ceedlrllgs of the Be gademy
two f.actS- 'oint’paper with GROSSMANN published in tha‘{. same year,”® EIN.
zggnxlinaigiied that although the equations (1} are not valid in all coordinate

systems, they are valid in any system satisfying the coordinate eondition
£

‘Bmz(l‘ mggjkgmng"i,k),i’j:o. (3)

Coordinate systems satisfying (3) are called adaptled”‘ a}nd”coordm;te Et;gg;ﬁ;;
ations between two such systems are called “justified.” Second,
m

thought that because the justified transformations can be non-linear they

therefore include transformations between stationary and rotating systems and,

as a result, that the equations (1) fulfill a “principle of equivalence” for rotating

and non-rotating systems. To BESSO he wrote in March 1914:

i i ield equations (1) under justified coor-

this [the covariance of the fie . ¢ %
gji?;;e trangformation], it follows that there are transformations r(-,pres?,ntt 3
ing accelerations of a very varied nature which transfqrm the equah;};s in 0
th%mseives (for example, rotations) so that the equivalence hypothesis 1s

N . 27
vouchsafed in its original form.

Such an equivalence between rotating and non-rotating systems was thought to

i i « ’ radox.” 2% Indeed, in
be a necessary condition for a resolution of “MACH's Para ,

the paper EINSTEIN presented to the Berlin Academy on November 4, 1915,

i “ ication” field equations was to demonstratc‘thap
iﬁzysiﬁiz cg\rf)f}i);il;i?our;dezftigilslflsgnation t?) a uniformly rotating coordmatg_.
R it be that 1) and 2) were the main reasons for EINSTEIN’s:

Tth :)lf; o]; tiﬁaéINSTEIN—GROSSMANN theory and that 3) served chieﬂy as Eﬁ:
rej(zic 1()f doubt. EINSTEIN’s postcard to HILBERT on November 7 raisesﬂmre
?ﬁ:riguing possibility that HILBERT was thelsowcr of the SQEdﬂ-EIijTCiS\IObjeEJ
reports that SOMMERFELD has written to h_;m that HILBERli_" dASc;demy et
tions to the paper of 1914 in the Proceedings of the Ber 1111 ) ecmate- Sinee
SOMMERFELD’s letter to EINSTEIN has been lost,‘one can on (}1'0 113( ortue o o
e O ot nsed in }i?pgrtESstizaELTlsToEt:Tz;;flil:aggn and electromag:

i in his In : ‘
Eﬁi:azgmt?:;s ?QZBVE;;JLS;SI principle and that one of his main desiderata on t

ianzei - i det
g “K ovarianzeigenschaflten der Feldgleichungen ¢
26 A FNSTEIN & M. GROSSMANN, © K s on d dgleichungen
f dicﬁe}i;?lgcmeinertc Relativitiitstheorie gegriindeten Gravitationstheorie,” Zeitse . ift
fi ' -225. i
ematik und Physik, 63 (1914), 215 ’ N .
& i\;{ [ghggTFaztiAlin(ed.] JAlbert EinsteinfMichele Besso Correspondance {Paris: Hermanti
19722};‘ I'Jf‘lrfES.irnportanoe of “Macir’s Paradox” for EINSTEIN's thinking ab{)}z[‘th igrayeitatlon
e H (13 H il 1'[
during this period can be seen from his papers Bases Phy31quf; 1i)un5(i o Zc; .
Gravitation,” Archives des Sciences Physigues el Nat-ureIle.\;;';‘f Ej : b{;]’o > R
Relativitits-Problem,” Scientia 15 (1914), 337-348. See also Ref. .
29 Ref, 17, Sec. 4.
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Hamiltonian function was that it be an i
transformations (see Section % below)
of HILBERT’s criticisms of EINSTEINs

HILBERT pointed out that in derivin
relation

Ag¥  =(4g"), (4)

where Agh, =g’ “e—gY

g"f,k In primed and unprimed coordinate systemas which are “i
close”. FINSTEIN acknowled

By the beginning of November 1915, then, BEINSTEIN was hard at work
developing new field equations. His old foundational principles were not suf-
ficient for carrying out this task; what was required was a new commitment to
the principle of covariance, and, within the framework provided by that ptin-
ciple, considerable mathematical ingenuity. As we shall see, the success of
EINSTEIN’s project may also have required help from HILBERT.

3. Einstein’s steps towards the field equations

In his postcard of November 7, 1915, EINSTEIN tells HILBERT that he is
sending by the same post the proofs of his first paper for November, and he
closes by saying: “I am curious whether you will be well disposed towards this
solution,” HILBERT would certainly not have been well disposed towards
EINSTEIN's solution, for the new field equations, though in a sense an advance
over the old EINSTEIN-GROSSMANN ¢

quations, are still not generally co-
variant. In that paper EINSTEIN splits th

e RICCI tensor G, into two parts, 3!

Gim :‘R +S

m o

it n {
R :{im}’t + {i l} {n m}’ )
U, limd laif”

where the {i fﬂ} are the CHRISTOFFEL symbols of the second kind. The new field

equations are R —+T
: im— X im*

(6}
The left hand side of (6) is not a tensor, so the equations (6)

are not generally
covariant. However, they are covariant for coordinate transformations satisfy-
ing

*® EINSTEIN Papers, Princeton University, microfilm reel LB. 1, no, 13.

! The cusrent convention is to use R, for the Ricar tensor and G, for the BINSTEIN
tensor. We shall use EINSTEIN’s original notation,
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nvariant under arbitrary coordinate
- We also know the content of at least one
paper of 1914 for the Berlin Academy.
g (2), EINSTEIN had used the incorrect

expresses the difference between the components of

infinitesimally
ged his error in a letter to HILBERT dated March
30, 1916.2°
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a(x', ...,>c’4):1 -
BXp oeaXg)

i ., lransforms like a tensor. o . .

e thegvlzgtt;;z of imposing the condition (7) is that g is an énzg;;:;i;tdz;:;c} |
- ding to EINSTEIN, the distinction between te.nsors an psor den

ﬂ}tl}S, i?:ﬁz a\fay »32 I his paper of 1914 for the Berlin Academy,

sities .

had taken the law governing TV, that is

S ®)
Tu;j =K :
i it in the form
here the K* are the components of the external force, and rewritten it in th v
where
. . g
‘g—;{j:%gkI,lgralj,ig—kj+‘K; () :

Wl]e] c J= E:’ -*g - y— Ef - l(- E NSTEIN i O ht Seems
It T and gKL g i INS ¢ |

falls away, (9) can be construed as

T =58"" 8y T 4 K (10

3

. i i 7Y EIN
V‘\i en i 11 nait l i l I .

1 1 km 4

Téjjzig gmj,iTi":
) e
= E; T

j = — are 16 CO ]I 1 1tS f t]l CONNECiion, N

Sh.o W t (o) 1 cons v at 13.W fO th 1 o1 H (l rav

('T[-j—l-t;")’j:()

AR « ” itati
1 kpe 11y is the “energy tensor” for the gravitaty

i j oiiH g k
where f{ =108 e S B istinct the siress energy te

T i EIN kept disiinc el
field. (Throughout this period EINST P o the ateess.onessy .t:e_,

j(i matte ne g (8} Cth Iddlatl()n, -

. I’d {e systems i

i int by means 0
i k o s be made to vanish at a point by of
nom-zer0, but since by o will vanish in those coordinates. But

. . nates, £l - .
appropriate cholce of coore T inat. tem is equal to zero in all. See bel

tensor equal to zero in one coordinate sys

. 304, .
’ Usi)ng (11) and (12), EINSTEIN derives

(g7(logl —2) ). =x Z T

2 ; -
23 IE{{Zg 1;/, I;'p777?82—783. We use the notion of a connection. FINSTEL

N did not
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from which he concludes that the coordinate system cannot be so chosen that

¥V —g=constant since then the energy scalar T'=3'T' for the matter fields
would vanish, i

EINSTEIN’S procedure is incoherent. Equation (10) is equivalent to the
condition T;=0 with H=(log}y —g) ;T7. But for arbitrary 7, K; vanishes if
and only if ]/?g is a constant,

EINSTEIN did not remain content for very long with this strange theory. On

November 11 he submitted a second paper to the Berlin Academy;3* in this
paper the field equations are now taken to be

Gl'm =X ,I;m . (14)

The next day he sent a postcard to HILBERT announcing that he had finally
achieved generally covariant field equations.®® The equations {14) are certainly
generally covariant, but they appear to involve a fatal difficulty. Since we now
have general covariance, we are free to choose the coordinate system so that
]/?g:constant. Then S, vanishes and the field equations (14) reduce to the
previous equations (6). Further, equation (11) and its consequences are now
valid for the chosen coordinates, so by (13) we have the seemingly absurd
result that T'=0,

Over the past three years, BINSTEIN had used imagined difficulties to Fustify
the rejection of general covariance. Now, faced with a genuine difficulty, he
proposes to maintain general covariance and argue that the difficulty is only

apparent. After noting that in the usual electromagnetic theory, the energy
scalar for the electromagnetic field is zero, he states:

There are not just a few who hope that matter can be reduced to a purely
electromagnetic phenomenon which, however, would have to follow a
theory more general than Maxwell’s electrodynamics. Now let us suppose
for the moment that in such a general electrodynamics the scalar of the
energy would also vanish! Would this result prove that matter could not be
constructed with the help of this theory? I believe that this question can be
answered in the negative, for it is entirely possible that gravitational fields
are an essential ingredient in “matter” ... Then 2T can seem to be

1
positive, whereas in reality only AT+t is positive while > T vanishes
everywhere, 3¢ i i

ow BINSTEIN's faith in general covariance is 50 strong that in order io
chieve it he is prepared to risk a highly speculative hypothesis about the
onstitution of matter, There is a related difficulty with equations (14), one that
INSTEIN did not note at the time, but which can be dealt with by the same
evice. In confunction with the conservation law for the total matter feld

** A EINSTEIN, “Zur allgemeinen Relativititstheorje (Nachtrag),” Sitzungsberichte der
niglichen Preussischen Akademie der Wissenschaften zu Berlin 46 {1915}, 799-801.
- 3% EINSTEIN Papers, Princeton University, microfilm resl LB. 1, no. 13,

%6 Ref. 34, pp. 799-800.
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T:‘J';jz() (15)

and the identity G366 =0 "

h G is the curvature scalar, (14) entails that 7T =constant, ie., inhomo-
where

37
ter fields are not allowed. . . ‘
geneT(z;; Ii'flljartt;err poinis about the equations {(14) should be mentioned. First,

they do yield the correct equations for the frec space case:
Gy, =0 (17

im— V"

“ ” be used to give a
ions (14) are not “correct”, they can
T, o o the )-spaoe case; in particular, they can be used to

ihelion of Mercury. Sometime between the 1.1“’
~ succeeded in showing that (17) explains

correct prediction for the free
predict the advance of the per
EI

d the 18" of November EINST , edec
?}1116 anomalous advance of Mercury’s perihelion, and on the 1

i i i the same -
municated his results to the Betlin Academy.?® Obviously excited, on _

he wrote a postcard to HILBERT reporting his success. The card closes

dETtyh the remark that “Until now no gravitational theory has succeeded in .
wi .
doing this” at BINSTEIN and GROSS-

The second point about the equations (14) is th

ANN had con . ccted
];rounds that they do not have the right Newtonian lim

have just seen, the equations (14} involve grave difficulties, bpt itg;s3 aﬂr;a;izi.:_
a;,lf: gznjectur:a that had they not been rejected out of hand in 1913, L

solution would have emerged long before the end of 1915,

4. The final ficld equations and the correspondence with Hilbert

c 2
the Bth“ Acade]ﬂy. It COiltaliIGd the now fatnih-al heid eq UatIOIlS DI gellera].

ivity i form
relativity in the Gy = (T — S ).
o reference to HILBERT. How did EINSTEH\.I arrive |
did HILBERT play in the transition fro
f the conflicting claims of priority?

EINSTEIN’s paper makes n _
these equations? What role, if any,
(14) to (18)? And what are the merits o

i i i i 1915. An
37 EynsTEIN does not refer to the identity (16) in any of his papers of _
will be discussed below.

PO o O aran der Perihelbewegung des Merkur aus der a

38 A BrwsTRIN, “Erklirung _
Relativititstheorie,” Sitzungsberichte el
Wissenschaften zu Berlin, 47 (1915), 331-— ). - L o1,

39 EINSTEIN Papers, Princeton University, microfilm reel 1.B.1,

This matter 1

40 Gee reference 13, esp. p. 257 ‘ is ¢
Tensors: Binstein’s Struggles with Covariance I(’irmméles t;igglorlﬁ,iz

. “Di i er Tav R

+1 A EinsTEIN, “Die Feldgleichungen 0 1

Koniglichen Preussischen Akademie der Wissenschaften zu Berlin, 48 (

to 19167 (Ref. 18
Sitzungsberichte .
915), 844847

8% he com-

i i d rejected them on the erroneous,
sidered them in 1913 but had rej o ot oourae. as me

llgeme'i_n'é
der Kéniglichen Preussischen Akademte. .c_f_?

s discussed in our paper “Lost it
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A number of clues are contained in the extant EINSTEIN-HILBERT cor-
respondence for November, Ag already noted, the beginning of this correspon-
dence on November 7 is marked by a postcard in which BINSTEmN announces
both his rejection of the EINSTEIN-GROSSMANN theory and his new approach
as claborated in his paper of November 4 for the Berlin Academy. Five days
later EINSTEIN wrote to HILBERT again to tell him that he had at last found
generally covariant field equations — that is, the equations (14)— but these equa-
tions are not on the card. In this card of November 12, FEINSTEIN also thanks
HILBERT for his “kind letter” which was presumably sent and received be-
tween the 7 and the 12 but which is not in the EINSTEIN Papers. HILBERT
replied on the 14™ with a long message written on two scparate postcards.
HILBERT briefly describes something of his own new theory, emphasizing that
the electromagnetic field equations are a conscquence of the gravitational
equations and, in a postscript, that his theory is “wholly distinct” from
EINSTEIN’s theory. It is unclear whether he was referring to EINSTEIN's theory
of November 4 (equations (6)), or to EINSTEIN’s theory of November 11
{equations {14)), or to both. HILBERT also extended an invitation to EINSTEIN
to come to Gottingen to hear a lecture which HILBERT was to deliver to the
Mathematische Gesellschaft on November 23, Several things should be noted
about these twin cards. First, HILBERT does not actually give his field equa-
tions. Second, mathematical expressions from HILRERT’s theory are used with-
out any explanation, suggesting that there was perhaps other technical cor-
respondence between the two, on the context of which HILBERT could rely.
Finally, the tone of the cards is very cordial - HILBERT urges EINSTEIN to
come to (Gittingen a day before the lecture and pass the night at HILBERT s
home. *2

The next communication is an undated card from BINSTEIN, almost cer-
tainly sent on November 154 In it FinsTEIN expresses great interest in
HILBERT’s investigations on a “bridge between gravitation and electromag-
netism”; but he declines HILBERT’s invitation on the grounds of fatigue and a
stomach ailment. Perhaps this was only a polite excuse, or perhaps FINSTEIN

- recovered rapidly, for in the next three days he completed his calculation of the
advance of Mercury’s perihelon, Most significantly, EINSTEIN asked IIILBERT
to send him proofs of his lecture, 44

We surmise that HILBERT subsequently sent some details of his lecture, for

~on the 18" EINSTEIN wrote another card to HILBERT in which he says that, as

*2 FINSTEIN Papers, Princeton University, mticrofilm reel 1.B.1, no. 13, The printed

ersion of HILBERT’s lecture (Ref. 47) gives 20 November 1915 as the date of the session to
- which it was delivered. But HiLBERT, wriling on Sunday, November 14, invites EINSTEIN to
~attend his Jecture on *Dienstag,” presumably Tucsday, Novernber 23. We have no
-explanation for this discrepancy.

HILBERTs invitation to EINSTEIN Lo spend the ni ght at his home was not extraordinary,
rd we are informed by G. KREISEL that THLBERT's wife was well known for her hospitality.
** EINSTEIN Papers, Princeton University, microfilm reel I.B. 1, no. 13. The posteard is

_simply dated “Monday™; the card of November 12 is dated “Friday, November 127,

4+ “Schicken Sie mir bitte, wenn mdbglich, ein Korrektur-exemplar Threr Untersuchung,
m meiner Ungeduld entgegenzukommen.”
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far as he can see, HILBERT's system agrees with t}'u: one he hfﬁ found Withm
the last week and has communicated to the Berh.n Acaderr}y ? —that s, th,e :
theory of November 11 {equations (14)). Now the fijeld equ‘atmns of I;H;BERT 8-
printed lecture are formally equivalent to EINSTEIN’s equations (18)‘(;1 ovem- .
ber 25 and not to EINSTEIN's equations (14.) of November 11, Whl; sugtgests
that either FINSTEIN was mistaken in claiming the equlealenc?e of t <f:f systems, ..
or that whatever HILBERT scnt to EINSTEIN was quite dlffere_:nt }x;om the.
published version of the lecture. As will be seen in the next section, olwtevir, _
neither of these explanations need be correct. Given the mathematlcla :C -
niques which formed the basis of HILBERT’s approach, the .latt.er e;;;/){ anation
seems so improbable that it can be dismissed Fr’om fur‘ther attention. Moreover,
we will argue that in EINSTEIN’s eyes HILBERT'S published equations 1nltlay very
well have been equivalent to those of ETNSTEIN's paper of November ' .k __
In this same card of November {8, EINSTEIN remarks that he had n(i:vg ..
about the equations (14) “for three ygars” but that he aqd QRC;JSSMANN dt_
rejected them on the grounds that in th@ Newtonian ’111‘_[111; t eyr were n?-
compatible with “NEWTON’s Law”, meaning NEWTON’s or mo-llii piop;rg
POISSON’s ficld equation. Finally, EINSTEIN 1_nfo1_rmed HILBERT ft at he al-f
succeeded in explaining the advance of the pe.rlﬁehon of Mercury hrom gengra :
relativity alone without the aid of any subg:dlaxy hypotheses. The Ifu:l);t ; }?yt,
November 19, HILBERT sent his congratulations and remarked cheer 11 Iy ;1
if he could calculate as quickly as EINSTEIN, hf? woﬂd be able to cx% ain why.
the electron in the hydrogen atom ?oes not radiate.*® He also asked INSTEIN
i reast of further developments. B
° i(161:16 ;S)ulll‘;l?n;rt;, the extant correspondence in the EINSTEIN Papetrs SFIOWS, f1i}si
that there was an intensive exchange between EINSTEIN and HH‘JB]:RT ((i)nth ;
subject of gravitational theory in the month of Novembef 1915; second, inj"
on November 15 EINSTEIN asked for proofs of HHTBERTS lecture, gn ,S !
FINSTEIN wrote HILBERT threc days late'r th.at their systems were mt d{iiiz
ment, presumably that he received something in response to his reques ; b 01;:
that to judge from the language of the cor.re.spondence, the two m(;:n wzee
good terms, although their mutual cordiality may have covered a p

hostility of temper.

5. Einstein’s view of Hilbert’s theory

How did EINSTEIN interpret HILBERT’s field equations‘? And why dltdl;z
think that his equations (14) and HILBERT’s equations were 1n .agreeme‘n
the printed version of his lecture,*” HILBERT uses the variational prmcip

5HY —gd*x=0, and the postulate that H=G +L, where I may depend '_‘}P

45 “Dag von Thnen gegebene System stimmt — sowelt ich selhe“b— ge'l;?:: };2 d
iiberein was ich in den letzten Wochen geﬁ.mden.und‘der Akademie i ;:grex

46 GINsTEIN Papers, Princeton University, mlf:roftim recll 1B.1, no. d. . Kouid

47 ) HipERT, “Die Grundlagen der Physik,” Nachrichten von der

Gesellschaft der Wissenschaften zu Géttingen (1915), 395407,

ichien
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the metric potentials but not their derivatives, to obtain the field equations

Gimk%gimG: g(l/-l[_gg)(a(l‘ 7gL)/agl'?")_ (19}

If we define T, by the right hand side of (19), then (19) assumes the form
Gt'm"%‘gimG:T;m’ (19’)

which is formally equivalent to (18) when units are chosen so that x=1,

However, (19') is a misleading representation of HiLBERT's equations. GUS-
TAV MIE had developed an influential electrical theory of matter, and pro-
posed to make gravitation a consequence of electrodynamics.** HILBERT’s aim
was to combine MIE’s theory of matter with EINSTEIN’S theory of gravitation
without, however, wholly adopting MIE’s point of view. Instead, HILBERT
attempted to make electrodynamics a consequence of gravitation, but he did
incorporate a restriction on the energy-momentuin tensor which was in keep-
ing with MIE’s approach; namely, no matter field quantities of a non-elec-
tromagnetic nature are to be used in 7;,. Thus HILBERT specifics that L is to
be constructed exclusively from the electromagnetic potentials, the derivatives
of the clectromagnetic potentials, and the metric potentials, As a result, the T

im

appearing in (19°) is not the same as that EINSTEIN intended for the equations

- (18). To emphasize the difference, let us represent HILBERT’s equations not by

(19") but by
G =2 Bim G =T, (197)

im

- Now if one assumes, as EINSTEIN did at the point at which he advocated (14),

im

that the energy scalar associated with TE™ vanishes, then contracting both

- sides of (19”) with g™ leads to

G-26=T"=, (20
so G=0 and {19”) reduces to

Gim = TEM (21)

im *

. and (21} is equivalent to (14) under the choice of units y=1 and the assump-

tion that T;2% is the complete energy tensor for matter fields, an assumption in
harmony with BINSTEIN's speculation that “matter can be reduced to purely

. electromagnetic phenomena,”

This is the best explanation we can offer for EINSTEIN's beliel that his
equations (14) were equivalent to HILBERT’s equations. Needless to say, there
s a sense in which EINSTEIN was mistaken; for even though the equations
19"} reduce to the equations {21) which under the special assumptions men-
loned are in turn equivalent to (14), the equations (19”) are not themselves

equivalent to (14). Most importantly, the equations (19”) entail the covariant

% See G. MIE, “Grundlagen eincr Theorie der Materie,” Annalen der Physik, 37 (1912),
S11-534; 39 (1912), 1-40; 40 (1913), 1-66. MIE’s avowed purposc was to develop a
theory in which the electromagnetic field quantities “completely suffice to describe
all the phenomena of the material world” (37 (1912), p. 513).
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6. The rationale for Einstein’s final field equation

Granted that there was some justific_ation for EINSTEH\’I:S 'F?h:iidn Jﬁz

: f his equations (14) and HILBERT’s eqpaﬁons (19 ) it is . g e
Cqm}’aleﬂ_c e' (‘)th 1e (G term in HILBERT's equations suggested to .INSTE'
e oo o 32 %1'2) should be modified to (18). Of course, even if he had
e ﬂqua‘;mnt HILBERT’s cquations, EINSTEIN had an mdepend;nt reason
Ifl(:)rt ilfartlfo“é?lceiln;ihe g, T term which appears on the gighEF haéxd s(lidet‘.hzf C(cl)i)

ame i ”1];11 to escape the consequence .t at = an ne -
s;cilll(;;?lglyr;eiztdail"(l)(;w; 1slpecu]ative: supporting hypothesis. But independently of

i i coef- -
HILBERT’s equations, did EINSTEIN have a reason for introducing the .

ficient —+ for this term?

- _ L . -
To the modern reader, the most obvious conjecture 1s that the —; factor is .

lIeCded to mak{) the covar lant cOonsery ation iaw (1 5) a COﬂSequence Of t i (¥
equations. OWEVCT, 1S was Cer n Y noe STEIN'S T CaSO!l, or 1 is [)ape

f November 25 for the Berlin Academy he d‘jd not realize thatr thie i%u;tcl)(;niz'_:
018 tail (15), and in fact, the latter relation is posFulated separa;t;' y.TO ot i
(the} Cﬂl factorsneeded to get the conservation law in the form (12).

-2

i V-—g= follows?
(12), BINSTEIN specializes to a coordinate system where g=11It [o OV_V'SS

that in such a coordinate system

gmg™ = —(log)/ —g) ,=0. (22

Then on the way to (12}, EINSTEIN multiplies both sides of (18) by g’ , and sums.

over i and m. As a consequence of (22), the term involving g, T drops out.

: ial role is in the
The only place where the factor -+ appears to play an essentia h

derivation of the relation .
gu,i,j_X(TJrf):O

(where t is ).f), which follows from (18) with the help of the coordinate

Y " i t in (23) the energy tensors fo
condition 1/ —g=1. EINSTEIN emphasizes tha (23)

orem
1v later” that the term g, T%is required as a resuit of the enegr)ggmtorvrcletnjﬁ,rsn ;::; .
s Spa k: Dover, 1958), p.239). But W i
i nd Matter (New York: Dover, X v remark
(S(?ﬁl SIZECB, i??l?t ?t has suggested to some that EINSTEIN adclled the term 2fgim 'Jg Xi: r,;ol;]e
n:iltsisf;; 1trkllge “encrgy-momentum theorem”. This is the implication, for
8

i émoire 'Einstei 1 manquait
P.SpEZIALLYS remark that “Dans le premier mémoire d’Einstein lc term 3 g,,, T qu

- - > +
Mais Eiﬂstein reconnut EHSuitE 13. preSC]lce de ce lerme eSt eXlgeNe par 163 .tthIE'IIlE.
QO i FESH B aln. L
G nSerVatiOn. M EiFTSEQIJI/BGSSU Corres, OHLIEHCE, P. f)ﬁ Ag ) [ YENSON C!a ms thdt :

. . . ) . -

STEIN intr()duccd the addltlo]la] term bECaUSe he Icahzed that t} 1{=] C(}Varld?’]t dCI 1: atl(\‘e O
V'at er tensor’” va I’]leES' Cf. 1 he Goltinge‘n RECEPHOH Qf Geﬂer(ﬂ RC‘Ea”Ulty, P Cl.

matt 5 2] 1t E)\ef 1

jon law {15) but the equations (14) do not. This does not contradict

o i i i ing that EINSTEIN “ recognized. :
49 goo Ref. 41, p. 845, T1. WEYL is certainly correct in saying 1 oRer bis lectu

Zeitschrift 19 (1918), 4-7.

Physik 49 {1916), 769822,
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gravitation and matter appear symmetrically,
two previous attempts at field equations. This
the version of the theory in 1913-1914.59 Thi
reason BINSTEIN gives for the 1 L1 term in equations (14): “The con-
siderations that have induced me to introduce the second term on the right-
hand side,” he writes, “will become clear from the following reflection ...” 51
and then he derives equation (23). From the point of view of hindsight, this is
not a very impressive argument for the factor —3. As SCHRODINGER pointed
out in 1918, the so-called energy tensor # for the gravilational field is not a
tensor at all and can be made to vanish at any point by means of a suitable
coordinate transformation, whatever the nature of the gravitational field: and
conversely, even in a pseudo-Euclidean space-time {no gravitational field) its
components can be made non-vanishing by the choice of a non-Euclidean
coordinate system.*? But, in 1915, EINSTEIN was convinced that T/ and &
should be treated as though they were on an equal footing.

EINSTEIN’s argument for the extra term in (18) may have been pest hoc. He
gives no argument to show that the requirement that, in suitable coordinates,
T and t be treated equally in relation to g” and its derivatives is uniquely
satisfied by. equation (18). His paper of 1916 on the foundations of general
relativity>® does suggest such an argument. There, EINSTEIN begins by taking

the equations for free space to be given by (17). Under the condition that ]f—_g
=1, he shows that (17) can be rewritten as

which had not been trge for the
symmetry did hold, however, in
s symmetry is the only explicit

@I =0~ 5 80). (24)
When matter fields are present, equal treatment demands that (24) be replaced by
(" L) =1 L + T 4 87+ T)], (25)

which is equivalent to
Rin=1(T =38 T), (26}

and (26) is the result of (18) under the condition ]/?gzi. Unfortunately,
nothing we can find in either the published papers from 1915 or in the
correspondence reveals whether or not this is the route by which EINSTEIN
made the transition from (14) to (18) at the end of November 1915.

7. Aftermath

After his lecture in Gottingen during the summer of 1915, EINSTEIN wrote

“I' am very enthusiastic about Hilbert; an impressive man! }

*9 See, for example, A. EINSTEIN, “Zum gegenwirtigen Stande des Gravitationspro-

blems,” Physikalische Zeitschrift 14 (1913), p. 1258, eq. (7).

*1 Ref. 41, p. 846.

2 B.SCHRODINGER, “Die Energiekomponenten des Gravitationsleldes,” Physikalische

33 A.EINSTEIN, “Die Grundlage der allgemeinen Refativititstheorie,” Annalen der

305 -
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»34 This enthusiasm was apparently

EIN for the third Boiysasi

i t your opinion.
am very curious abou i
o tots HILBERThWho ;ecoﬂi{l’n;;git];;xid all his achievement.
ize i “the high mathema : v
How mr19t;5€ fr?r}rutual ad%niration was neither uniform nor unqu%iiig(;.l{gl an
cr, ‘ : '
S:t)ggdinary tetter dated December 20, 1915, EINSTEIN wrote to

[ want to take this opportunity to say something to you which 1s important
There i en us, the cause of which I
e et 1o Cffl’ltﬁlzlél Sipflvif i?)oijtesssu?f‘:teruggled a.gain.st any resent-
ot s i 1‘;0 agd flete‘ success. | think of you once again with untrouble‘d B
m'ent, f_iﬂd T (;: 01 :sk you to try to think of me in the samer way., Lt is
fﬂeﬂdhﬂesls; aI:: when two such real fellows, whose wgﬁrk has taken them
;%&;L); ?hiss g}?;bby world, give one another no pleasure.

i al ible, it scems most plausibif: that
Y‘\Ihﬂe P elxp-lir’i’a‘;;2ﬁlst:£ef:§$dzﬁiy3222is surrounding the publica_tlor_l o.f -.
e o C(')Onlzcs;EINSTEIN knew that HILBERT was at work on gra}vztatioi},..
AV Hving t ugeled with the problem for so 10ng,. EI.NSTEIN was sure.y_:;
and‘ after hawilrllg‘i§ ralgsgolution be his. Concern for the priority of thf: dl.scow;r..y_._
of the thzlit e 1;‘tions was almost certainly part of the motwaﬁ?ln (;1_-_.
Sl ﬁ’e ; eql'l ondence with HILBERT during November of 1915—there 15
e C(})lrres%ausible explanation either for the conient of the correspm}
simply ne ot ;r I;a.ct that it so suddenly and completely displaced EINSTE&?\I.
e atecs endence with those friends who had hith?rto served asfso;n 1\1}1{1)
lr)cgz;];sr ?c?rr TE?SP (;truggles with general relativity. Thlel: f?eng.lyhtglssu:)re:l gefo;
. i i ion 4, all of whic e
pemer commndnce S b S 3 e
EINSTEIN’S ror 101? on December 20 that “1 think of you once agg:ntewhi
S oebled re'magl' ess.” the likelihood that HILBERT did commurnica g
u'ntmubled' o fm t’he 25 of November, and the fact that in his ;})Iapc_
o e O;;IN makes no mention of HILBERT's work, toget er;the
NOVefkll”lbtef ozrileEEZid feelings may have developed over thc authorship of the
?1(;?:1 tec;:mn:sicms. If that is so, the dispute never becameagibtlglg.es
Whatever the source of the cooiness: itisa reasarll olo guess (1
fetter of December 20 was prompted in pa'ri by the tone anc oo
printed version of HILBERT’S lecture. In this paper— P

s that BINSTEIN
ntent of:th
which had

54 Einstein/Sommerfeld BJEfW@chsi,zp. 30. d

55 in C.RED, Hilbert, p. 142. o Bt di

56 g;::fg;“ Papers, Princeton University, microfilm reel Ii.il,irng.i iﬁtigcr i

it drinst es mich dazu, Ihnen noch. etwas zu sagen, w Jichdlgor
Geligenlge}t i i uns eine gewisse Verstimmung gewesen, c_lercn - e

ES el ¢ Cﬂ_ das damit verbundene Gefiihl der Bitterkeit hé‘l‘bc ich gekd dllichke

analys}e'ren Win'-'Gdﬁ"gcn Erfolge. Ich gedenke Threr wieder in ungetriibter Freun ” Zw
zway It vql]sta:n l%f;mbis mir :Au versuchen, Bs ist objecktiv {7] schade:2 ‘weﬁgbse o

umi F!tlfe ?(lz}!idsciie s?ch aus dieser schibigen Welt etwas herausgearbeitet 51

wirkliche 3

gegenseitig zur Freude gereichen.”

nic

form.

issue of priority —namely HILBERT’s influence
evidence of the correspondence raises the poss
responsible for heightening EINSTEINS discon
MANN theory, and it suggests, but does no
determined EINSTEIN's transition from

—connects closely with Mie's,” Einstein/Sommerfeld Briefwechsel, p. 37,

R
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probably reached EINSTEIN by the 20™ of December3?
of EINSTEIN’s papers for November, in
equations (18) are presented. I

—HILBERT refers to all
cluding the fourth paper in which the
ILBERT makes no claim to be the discover of
the field equations; on the contrary, his presentation makes it appear that he is
simply combining and unifying the insights of EINSTEIN and MIE. And he
refers to EINSTEIN's final creation as g “noble theory.”*® Whether or not
EINSTEIN interpreted these features as marks of generosity, he could hardly
have failed to have seen them as signs of good will, and given what we kpnow
of EINSTEIN’s character, he could not have failed to respond in kind.

8. Conclusions

From the internal evidence of the
correspondence with HILBERT, it
field equations and communicate

published papers and from EInsTEmN'S
secems probable that HiLBERT had derived his

d at least an outline of his results to EINSTEIN
sometime before November 18, a time at which BINSTEIN still believed in the

equations (14). But whether HILBERTS field equations are equivalent to those

mber 25 is a question of some nicety. Given the

cible to electromagnetic phenomena, HILBERT s
equation may be understood to imply EINSTEIN’s final field equations (18). It is

likely that in EINSTEIN’S eyes, however, the equations were quite different; for, we
have argued, EINSTEIN seems to have understood HirBERT' equations as
implying the vanishing of the trace of the stress-energy tensor, and hence as
equivalent, not to equations (18) but to equations (21) which lack the ad-
ditional term 1 8 G. HILBERT’S equations cannot have suggested to ENSTEIN
the content of his own equations (18), but they may well have suggested their

This leads to an issue which, for us at least, is more important than the

on EINSTEIN’s development. The
ibility that HILBERT was in part
tent with the FINSTEIN-GROSS-

t prove, that HILBERT’s results
(14) to (18).

Whether one chooses to call the f

7 Apparently, they had not reached him by the 5
rote to SOMMERFELD that “As far as | know Hilbert's
vents a point of departure which —apart from the tr

of December, for on that datc he
theory, it uses for electrodynamic
eatment of the gravitational feld

58 Ref 47, p. 405,
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