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Prefa.ce 

This book arose from the proceedings of two small conferences: one 
held in Minneapolis under the auspices of the Minnesota Center for the 
Philosophy of Science, the other held in Andover under the auspices of 
the Boston University Institute of Relativity Studies. The similarity of 
topics and the overlap of participants decided the editors to join forces 
and include the material from both conferences in a single volume. In
deed, one paper in this volume, the first by Howard Stein, was presented 
and discussed at both conferences. Further details about the conferences 
and a list of the participants will be found in the Appendix to this Preface. 
We would like to thank all the participants for their presence and their 
eontributions. Special thanks are due the speakers for their patience in 
awaiting the printed version of the proceedings. 

J.E. 
C.G. 
J.S. 



Notes on the A ndcver Conference 

The Boston University conference was held to mark the issuance of the 
st ·<.~md , considerably revised and expanded edition of Adolf Griinbaum's 
seminal book, Philosophical Problems of Space and Time, in the Boston 
Studies series.' I would like to again express my gratitude to AdolfGriin
lmum for consenting to this meeting and for his contributions to the 
proceedings, both formal and informal. In addition to the papers of Stein 
und Griinbaum, Peter Bergmann's contribution was presented and d is
<·ussed. Wesley Salmon made his paper available to the participants, but 
unfortunately time prevented discussion of it. Jurgen Ehlers also gave a 
paper entitled "Structures on Space-time," which was discussed at 
length. The material he presented is already partly available in his con
tribution to the Dirac Festschrift, 2 "The Nature and Structure of 
Spacetime"; the rest will ultimately appear in a volume of the Pittsburgh 
Studies. 3 I very much regret that considerations of space made it impossi
hle to reprint Ehlers' paper and urge readers interested in an up-to-date 
discussion of 'The Nature and Structure of Spacetime," as treated in 
current physical theories, to read it. 

Now let me (ab-?) use an editor's privilege to make comments on some 
of the papers, primarily those discussed at Andover. 

In connection with Howard Stein's historical survey, I should just like 
to propose the addition of Euler to tbe space-time pantheon. His is a 
name too much neglected I fee l-not in the absolute sense, of course, but 
relative to the discussion of the space-time problem. The Encyclopedia of 
Philosophy and the Dictionary of Scientific Biography, for example, are 
silent on this work, as indeed is Adolf Griinbaum's book. Yet, as Arnold 
Koslow has noted 4 in his introduction to a translation of excerpts from 
Euler's Reflections on Space and Time (a translation, by the way, which 
seems badly in need of repair at certain places): 

Euler, according to an insight of Ernst Casirer [sic) 5 was one of the first to 
reverse a traditional relation between physics and philosophy. Before his 
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work, it was customary to think that no concept was tu h1• used in physics 
or science generally unless it met certain standards of metaphysics. 
. . . Euler's reverse consisted in his assertion that the laws of physics, 
by which he meant Newton's laws of motion, were so well confirmed that 
no one would be right to deny them. These laws not only state truths 
about the world, but they also explain why things happen; that is, they 
give the causes of certain kinds of events. Euler argued that if one fol
lowed philosophers like Leibniz and used a relational theory of space, two 
consequences would follow: (1) substituting Leibniz's concept of space for 
Newton's transforms the true laws of Newton into demonstrably false 
statements, and (2) we cannot explain why certain kinds of events occur, if 
we employ Leibniz's concept of space rathe r than Newton's. Granted, 
then, that we do have true laws and explanations, the conclusion is, 
clearly, that both Leibniz and Descartes did not have the proper un
derstanding of space and time. 

Euler's argument seems to show that the Newtonian concepts are cer
tainly preferable to those of Leibniz. if we believe that we have true laws 
and explanations which involve space and time. . . . The major thrust of 
Euler's study lies in its suggestion that the ideas and principles of 
metaphysics ought to be regulated and determined by the knowledge 
which physics has established, and not the other way around. 

I shall not follow Howard Stein's example, however tempting, and add an 
appendix of translations from Euler; 6 but I cannot refrain from quoting a 
few lines from the above-mentioned essay: 

. . . since it is metaphysics which is concerned in investigating the na
ture and properties of bodies, the knowledge of these truths of mechanics 
is capable of serving as a guide in these intricate researches (of 
metaphysics). For one would be right in rejecting in this science (of 
metaphysics) all the reasons and all the ideas, however well founded they 
may othe rwise be, which lead to conclusions contrary to these truths (of 
mechanics); and one would be warranted in not admitting any such prin
ciples which cannot agree with these same truths. 

This is surely a sentiment in which Howard Stein will join (as will we all); 
and it is perhaps sobering to reflect that it dates from 1748. At any rate, I 
think this essay marks an important watershed in the ; volution of the 
space-time problem; one the spirit of which is very much in accord with 
the thrust of Howard Stein's arguments, not only in his historical paper 
but (ifl understand him correctly) also in his letter to AdolfGri.inbaum. 

On the Great Debate between Gri.inbaum and Stein my inclination is 
rather to be taciturn than prolix (mainly on the ground that "b6cca fer
mato e mezw salvato," which could be loosely translated as "keep your 
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trup shut nml yon'ru hull' snvccl"'). Howeve r, I would like to le t Einstein 
hnvc 11 word, since lw seems to come down in this quotation rather on the 
side of' Stein on certain of the issues. This will perhaps serve to balance 
Adolf Gri.inhaum's epigraph from Einstein, to which Howard Stein 
chivalrously refrained from responding. It comes from an uppublished 
l..tter to Lincoln Barnett, 7 and since the English letter actually sent varies 
somewhat from the German draft, I shall reproduce both: 

I do not agree with the idea that the general theory of relativity is geomet
rizing Physics or the gravitational field. The concepts of Physics have 
always been geometrical concepts and I cannot see why the g1k fi eld 
should he called more geometrical than f. [or) i. [nstance) the elctro
magnetic fi eld or the distance of bodies in Newtonian Mechanics. The 
notion comes probably from the fact that the mathematical origin of the 
g1k field is the Gauss-Riemann theory of the metrical continuum which we 
are wont to look at as a part of geome try. I am convinced, however, that 
the distinction between geometrical and other kinds of fields is not logi
cally founded. 

lch kann nicht mit der weit verbreiteten Auffassung i.ibereinstimmen, dass 
die allgemeine Relativitatstheorie die Physik 'geometrisiere.' Die Begriffe 
der Physik sind nati.irlich von jeher 'geometrisch' gewesen, und ich kann 
nicht sehen, warum das glk'"Feld 'geometrischer' sein soil als das elek
t romagne tische Feld oder die Distanz von Kiirpern in Newtons 
Mechanik. Wahrscheinlich stammt die Ausdrucksweise aus dem 
Umstand, dass das glk'"Feld seinem mathematischen Ursprung (Gauss, 
Riemann) Begriffen entstammt, die man als 'geometrisch' zu betrachten 
gewohnt ist. Genauere Oberlegung zeigt aber, dass die Unterscheidung 
zwischen geometrischen und anderen Feldbegrilfen sich nicht objectiv 
hegri.inden !asst. 

(In the last sentence, the phrase "aufrecht e rhalten !asst" has been 
crossed out and replaced by "objectiv begri.inden !asst. ") 

While we are on the subject of Einstein's views, let me try to sum
marize what J think to be his outlook on the role of rods and clocks (and by 
extension, all of Gri.inhaum's family of concordant standards or FCS) in 
general relativity. I see this to be a three-step affair: 

(1) One provisionally accepts the existence of rods and clocks as foun
dational elements to give a physical interpretation to the tensor field g~. 
as the (I shudder to utter itl) metric tensor. 

(2) One then develops the theory of this fi eld, and any generalization of 
it or other fields that one may need to introduce, to get a theory of the 
structw·e of matter. 
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be 1·ecommended for many othor n•11sons. I hnrdly need midi In the Hrsl 
of his 1922 lectures on the space problem.'" he gave 11 t'Oncise characte ri
zation of the mathematical essence of the issue and of Robb's contribu
tion. 
1. The group of homothetic mappings is the intersection of the projective 
group and the group of confonnal transfonnations [Miibiusschen Kugel
verwandtschaften]. 
2. The fonner may be characterized by the concept of straight line, the 
latter by the concept of null element. 

If one ... understands by a mapping onto the number space a single
valued invertible continuous mapping of the complete infinite space-time 
[Welt] onto the entire number space, then it is determined by the first 
condition alone, that each straight line must go over into another straight 
line; space-time is fixed not merely as a projective, but as an affine space. 
For the only projective mappings which take finite points into finite 
points and points at infinity into points at infinity are the affine ones. On 
the other hand, the only conformal transformations which leave all finite 
points as fin ite points are the homothetic mappings. Therefore one can, if 
one works with the complete space-time, construct the Minkowski 
geometry completely on the basis of the single concept of null e lement; 
the straight line is dispensible. This was carried through a few years ago in 
a certainly rather circumstantial and artificial axiom system by the English 
mathematician Robb. 

I should like to thank Ms. Barbara -Rahke, the Conference Secretary, 
for the care and expertise she contributed to the smooth running of the 
meeting. 

Were it not a vain illusion to think that anyone reads prefaces, I should 
close by apologizing for having held back the reader so long from the main 
business of this book. 

John Stache l 

Notes 
I. Adolf Griinbaum, Phifosu1ihlcal Problems of Space and Time, 2nd enlarged edition, 

being Volume XII of Boston Studic• in the Philusol'hy of Science (Dordrecht/Boston' Reidel, 
l974). 

2. Jagdish Mehra (ed), The Physicists Concci>tion of Nature (Dordrecht/Boston ' Reidel, 
1973). 

3. Robert Colodny (ed). University of Plttsburg/1 Serles in the Philusophy of Science. 
4. Arnold Koslow (ed), The Cha11gc/e,. Ort/er: The PhysiC> of Space. Time anti Motion 

(New York: George Bmziller. 1967), pp. 115-16. 
5. The refere nce to Ernst Cnsslrer probably refers to the opening pages of his book, Zur 
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1':111Ntt'111'sc.•lw11 l kfotlc11tiltt1tl11·mof1•, truw~lutcd us the Supplement In S11bstm1ct• mu/ Pu 11ctiu11 
11111/ f:l11.•t1•l11 '.• '/'/1c11rr1 11/ /11•l11tlolt11 (Chlcngo nnd London: 0 1>cn Court Publishing Co., 
192..1). C~u:sl rer points out the lnf111c11cc of Euler's work on the precritical Kant, who in his 
1763 "Allcmpl tu Introduce the Concept of Negative Magnitudes into Philosophy," states: 

The mathematical con S"ideration of motion in connection with knowledge of space 
furnishes many data to guide the metaphySical speculations of the times in the track 
of lmth. The celebrated Euler, among others, has given some opportunity for this, 
hut it seems more comfortable to remain with obscure abstractions, which are hard to 
test, than to enter into connections with a science which possesses only inteUigible 
and obvious insights. 

111e above is quoted from pp. 351-.52 of the English translation of Cauirer's book: the 
original is Immanuel Kant, "Versuch, den Begriff der negativen CrOssen in die 
Wcllweisheit einzufobren," in Immanuel Kant1 Werke , Vorkritische Schrillen Bd. II (Ber
lin: Bruno Cassirer, 1922). 

6. Another relevant Englished e•cerpt will be found in Mili~ Capek (ed), The Concepts 
ofS1>ace and Time: Their Stmcture and Development , being Volume XXll of Boston Stru:lics 
/11 the Philosoph y of Science (Dordrecht/Boston: Reidel . 1976). 

7. This e.tract from the letter and draft of the leller of June 19, 1948, is reproduced with 
the kind permission of the Trustees of the Einstein Estate. It may be found on Reel 6 of the 
Einstein Papers, available at the Princeton University Library. Incidentally, 1 wish that I 
l1ad had this quotation when I wrote my paper on '!he Rise and Fall of Ceometrodynamics'' 
lin K. E. Schaffner and R. S. Cohen, eds, PSA 1972: Proceedings of the 1972 Biennu1l 
Meeting of the PhUosoploy of Science A8'ociation , being Volume XX of Boston Stutlies in the 
Philusop/1y of Science (Dordrecht/Boston: Reidel, 1974)). Its fi rst sentence would have 
provided much stronger evidence for the claimed dissociation of Einstein from Wheeler's 
~cometrodynamic program than I was able to give in my note Ja. 

8. Pp. 5~1 in Paul Arthur Schilpp (ed), Albert Einstein: Philosopher-Scientist , (The 
Ulirary of Living Philosoploen) (LaSalle, 111. : Open Court Publishing Co., 1970). 

9. Incidentally, perhaps I should go on record again, although it may be well known by 
now, stating that while rods and clocks are postulated lo respond directly to the g,.. field, 
massive structureless test particles are postuJated to respond directly to the affine s tructure; 
und massless test particles ('photons·)-or better, nuU wave fronts--to the oonformal struc
lure of space·time. It is only in a theory, such as general relativity, that postulates the 
mncordance of all these structures , that conclusions about metric structure (interval) may be 
drawn from test particle behavior. For furthe r detalls. see 1he paper by Ehlers mentioned in 
note 2. 

10. I have made some brief comments on the danger of "freezing" the discussion o f a 
theory at one stage of its development ln "A Note on the Concept of Scientific Practice,'' in 
R. S. Cohen, J . Stachel, M. Wartofsky (eds.), For Dirk Struik, being Volume XV of Boston 
St11die1 in tlu! Philosophy of Science (Dordrecht/Boston: Reidel, 1974). 

11. A. Ashtekar and R. Geroch, "Quantum Theory of Gravitation," in Rep. Prog. Phys. 
37, l211 (l974), p. 1215. Note Iha! they are not discussing Einstein's research program-to 
subsume general relativity within a wider classical 6eld theory w hich would explain the 
·"'trocture of matter- but about a different one: to "find some physica.J theory which encom
passes the principles of both quantum mechanics and general relativity" (p. 1213). 

12. See Jean Toussaint Desanti , La plrilosophic silcndcuse ou critique de.f philosophies de 
/11 •clence (Paris: Erutlons du Seuil, l 975). especially the essays "Qu'cst-ce qu'un probleme 
4!pistemologique?" and "L'epistemologie et son statut," for an attempt to give a rigorous 
definition of what an epistemological problem is and how epistemology differs from tradi
tional philosophical approaches to the sciences. 

13. First issued in Catalan, and then in German as Mt1thcuwtische Analyse des Raum· 
/ln>blem.s (Berlin: J. Springer Verlag, 1923), pp. 7-l!. Jn Appendix I (pp. 62-04) he gives a 
short mathematicaJ exposition of the ideas expressed fn this quotation. 
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