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a del Espa
io � CONICET,Ciudad Universitaria, Buenos Aires, Argentina(2) CEFIEC � Fa
ultad de Cien
ias Exa
tas y Naturales � UBA,Ciudad Universitaria, Buenos Aires, Argentina(3) Imperial College London,South Kensington Campus, London SW7 2AZ, EnglandAbstra
t.In this note we 
onsider the attitude of astronomers in Argentina in
onne
tion with the new problems posed by relativity theory, before andafter General Relativity was presented in its �nal form. We begin 
on-sidering, very brie�y, the sequen
e of �te
hni
al� publi
ations related torelativity that appeared in Argentina and use it to attempt to identifywho were the relativity leaders and authors in the Argentina s
ienti�

ommunity of the 1910-1920s. Among them there are natives of Argen-tina, permanent resident s
ientists, and o

asional foreign visitors. Theyare either a
ademi
 s
ientists, or high s
hool tea
hers; we leave aside thephilosophers and the a�
ionados. For the main 
hara
ters we dis
uss, verybrie�y again, the s
ienti�
 fa
ts and publi
ations they handled, the mo-dernity of their information and the �language� they use to transmit theirideas to their readers.Finally, we 
onsider astronomers proper; �rst Charles Dillon Perrine,an astronomer interested in astrophysi
s, 
ontra
ted by the government ofArgentina in the USA as dire
tor of its main observatory. He be
ame in-terested in testing the possible de�e
tion of light rays by the Sun towards1912; his Argentine expedition was the �rst to attempt that test. PerhapsPerrine was not so mu
h interested in Einstein's formulation of relati-vity theory, whi
h then was per
eived as very far away from his own �eldof resear
h, as in testing the parti
ular astronomi
al e�e
ts it predi
ted.In any 
ase, he attempted to do so with the a
quies
en
e and �nan
ialsupport of the Argentine state, and as a leading member of its o�
ials
ienti�
 elite. We brie�y 
ontrast his very spe
i�
 and stri
tly s
ienti�
e�orts with those of our se
ond astronomer, José Uba
h, SJ, a se
ondarys
hool tea
her of s
ien
e at a leading Buenos Aires Catholi
 s
hool whoreported in response to Eddington's expedition. Finally, our third astro-nomer is Félix Aguilar, a leading s
ientist with a more de�nite interestin astrometry, who made an e�ort to 
ontribute to the publi
 understan-ding of Einstein's theories in Argentina in 1924, when Einstein's visit toArgentina had be
ome a 
ertainty.
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2 Alejandro Gangui & Eduardo L. Ortiz1. First publi
ationsEven some years after 1905, it was only a few authors that dis
ussed advan-
ed dynami
s, ele
tron theory and radiation in Argentina. In their works theydid not ne
essarily refer to the 1905 work of Einstein. We follow (Ortiz 1995) topresent a list of �te
hni
al� papers 
onne
ted with relativity. The main responsesare those of Lepiney (1906-8), who makes referen
e to work of Max Abrahamon ele
tron dynami
s, and again (Lepiney 1907), now with a general dis
ussionof dynami
s with a velo
ity-dependent mass. Also Broggi (1909) dis
ussed Lo-rentz's ele
trodynami
s and in
luded a mathemati
al analysis of the works ofMinkowski. Following the early experiments of J. J. Thomson, physi
ists knewthat the motion of an ele
tron was modi�ed in the presen
e of an ele
tromag-neti
 �eld, whi
h 
ould be interpreted as an in
rement of its mass. Lorentz'saether theory and des
riptions of the behaviour of the ele
tron, 
ompatible withMaxwell's equations, were also dis
ussed at the time. All these ideas, as well asAbraham's des
ription of the ele
tron as a perfe
t sphere with surfa
e 
harge,were des
riptions that agreed with ordinary `
ommon sense'.In 1910 Vito Volterra delivered a le
ture at the So
iedad Cientí�
a Argen-tina (the Argentine S
ienti�
 So
iety; SCA herein) in Buenos Aires; in (Volterra1910) he dis
ussed the now well-known paper whi
h started the relativity revo-lution and, with it, Einstein's annus mirabilis (see Gangui 2007). In the de
adeof 1910 Jakob Johann Laub, a physi
ist of Polish origin, trained in Germanyand hired by the Physi
s Institute at La Plata, o�ered le
tures and gave 
ourses
onne
ted with the theory of relativity. Pyenson (1985), who has studied Laub'spersonality in detail, has indi
ated that he was the �rst physi
ist to 
o-author apaper with Einstein, and also suggested that a set of le
tures on relativity theorygiven by him at La Plata may have been the �rst 
ourse on that subje
t givenin the Ameri
as. On
e in Argentina Laub translated into Spanish some resultsobtained in Europe. In (Laub 1912) he dis
ussed brie�y opti
al e�e
ts in movingbodies in a paper published in the Anales of the SCA. The Fren
h physi
ist Ca-milo Meyer, a former se
ondary s
hool 
ompanion of Henri Poin
aré in Fran
e,delivered a series of optional 
ourses on mathemati
al physi
s at the Universityof Buenos Aires in 1910-15; even if he did not spe
ialize in relativity, his 
oursesmentioned re
ent resear
h in physi
s, in
luding Kaufmann's experiments on thevelo
ity dependen
e of the ele
tron mass; he also made referen
e to Einstein'swork without entering into details. Again, between 1916 and 1919, Laub (1916;1919) 
onsidered physi
al and philosophi
al questions 
onne
ted with relativitytheory from the point of view of a physi
ist. In the same years there were alsotranslations or adaptations of general arti
les that re�e
ted an interest on re-lativity theory; mostly, they were taken from the foreign press or from populars
ien
e journals.2. Perrine's involvement in the �rst attempts to verify observationa-lly Einstein's ideasIn the meantime, Einstein laboriously worked to 
omplete his theory and,eventually, in
orporate gravitation to his new relativisti
 framework. In (Einstein1907) he made his �rst statement of what later be
ame known as the equivalen
e
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iple. In it he assumes �the 
omplete physi
al equivalen
e of a gravitational�eld and a 
orresponding a

eleration of the referen
e system.� Einstein then
ombined this prin
iple with key assumptions of Spe
ial Relativity and was ableto predi
t that 
lo
ks would run at slightly di�erent rates if lo
ated in di�erentpla
es within an inhomogeneous gravitational �eld (smaller rates for strongest�elds). Another 
on
lusion he derived, whi
h turned out to be a most impor-tant one for the a

eptan
e of the theory, was that light-rays would bend ina gravitational �eld. Einstein developed his thoughts in an arti
le published in1911, in whi
h he was looking for a new framework that would allow him not topostulate, but to derive the equivalen
e prin
iple, and led to a more general rela-tivity prin
iple as 
ompared to his 1905 proposal. It is in this work that Einstein
ombined his equivalen
e prin
iple with Newton's gravitational theory and 
om-puted, wrongly, the deviation su�ered by a light-ray of a far-away ba
kgroundstar, as it travelled 
lose to the Sun's limb, towards an observer on Earth. Hegave the value of 0.87� for the bending of light in the gravitational �eld of theSun, whi
h he would later revise. For both, the gravitational red-shift and thebending of light-rays, Einstein found a useful 
ollaborator in Erwin Freundli
h,a young astronomer who be
ame interested in putting these new ideas to test byastronomi
al means.Perrine, of Li
k Observatory, California, was a world 
lass astronomer witha solid reputation for his a
hievements in his �eld (see Hodge 1977); in 1909 hea

epted the position of dire
tor of the Argentine National Observatory, Córdoba(see Landi Dessy 1970; Bernaola 2001). In (Perrine 1923; 1931) he has des
ribedwith 
on
ision, but a

urate details, his early involvement with the testing ofrelativity. Let us re
ount the main points. In a brief visit of Perrine to Berlin,in 1911, young Freundli
h asked him for advi
e on Einstein's de�e
tion problem;the matter involved an e
lipse observation, whi
h was an area in whi
h Perrinewas a world leader. The topi
 was also 
lose to Perrine's past interests and, asa 
onsequen
e of Freundli
h requests, he made early e�orts to test relativityin several e
lipse expeditions he 
ondu
ted from Argentina. Perrine's attemptsbegan with the Brazil total solar e
lipse of 1912, whi
h he observed as head of theArgentine mission; sadly, as it often happens with e
lipses, adverse meteorologi
al
onditions prevented him from making good observations and produ
ing therequired results. Laub also travelled to Brazil for the observation of the e
lipse,but his interests were not dire
tly 
onne
ted with relativity, but with atmospheri
ele
tri
ity. The same happened to Perrine on a se
ond Argentine expeditionorganized a 
ouple of years later, this time to Russia. Perrine's old friend and
olleague at Li
k, William Walla
e Campbell, who had also be
ame interested inthe testing, was also in Russia, as well as Freundli
h. The latter, a German, wasprevented from making observations on a

ount of the First World War. Badweather again, made it impossible for anyone to produ
e a

urate results. As itis well known, in 1919 it was Arthur S. Eddington who resolved the matter.3. �Post-e
lipse� publi
ationsAfter the November 1919 announ
ement of Eddington's e
lipse results, noteson Einstein's ideas attra
ted 
onsiderable publi
 interest and arti
les appeared injournals of di�erent levels all over the world. This was also the 
ase in Argentina,



4 Alejandro Gangui & Eduardo L. Ortizwhere a number of le
tures and arti
les, neither fully te
hni
al nor entirely atpopular level, appeared. Some of them 
learly stated that they were not expo-sitions for the expert, or s
ienti�
 innovations, but 
ontributions to satisfy theinterests of the general reader, as for example the astronomer Aguilar (1924)made quite 
lear.In addition to the ones 
ited above from a mu
h larger list, the main authorsinvolved in disseminating the new ideas of relativity in the Argentine 
ommunityin
luded visitors su
h as Blas Cabrera, Ri
hard Gans (dire
tor of La Plata's Ins-titute of Physi
s), or Georg Friedri
h Ni
olai (visiting professor of physiology inthe University of Córdoba); stable members of Argentina's a
ademi
 or edu
ation
ir
les su
h as Aguilar, engineers Enrique Butty and Jorge Du
lout, physi
istsJosé Collo and Teó�lo Isnardi, writer and poet Leopoldo Lugones, mathemati
ianJulio Rey Pastor and the astronomer and Jesuit priest and tea
her José Uba
h.A number of philosophi
al and pseudo-philosophi
al interpretations of relativityfound also a fertile soil in the Argentina of the 1920's (see Asúa & Hurtado deMendoza 2006). More details 
an be found in (Ortiz 1995; Gangui & Ortiz 2005;and Ortiz & Rubinstein 2008).In Argentina relativisti
 ideas were propagated through journals asso
iatedwith s
ienti�
 so
ieties, university, professional asso
iations or student union's,as well as by literary journals. Among others: Anales de la So
iedad Cientí�-
a Argentina, Anales de la Universidad de Buenos Aires, Revista Humanidades(University of La Plata), Revista Té
ni
a, Boletín del Centro Naval, Revista Po-lité
ni
a (later Revista del Centro de Estudiantes de Ingeniería, or CEI), Verbum(journal of the Buenos Aires Humanities Student's Union, the Centro de Estu-diantes de Filosofía y Letras), Revista de Filosofía and Nosotros.However, an interesting and rather unusual 
hannel for the di�usion on Eins-teiniana in Argentina was La Vida Literaria, a fringe literary journal of limited
ir
ulation, produ
ed by left-wing writers and poets, whi
h was responsible forthe publi
ation of what has been 
alled Einstein's inédito: the philosophi
allyoriented text of the le
ture Einstein intended to use to open his 
ourses at theUniversity of Buenos Aires, but whi
h somebody persuaded him to leave aside�to keep everybody happy� (see Gangui & Ortiz 2008).4. Astronomy: the Collo-Isnardi-Aguilar paper and the testing of re-lativitySome of the referen
es mentioned above tou
hed upon 
ertain topi
s of as-tronomy, but did not 
onsider them in any detail. The �rst thorough des
riptionof the astronomi
al testing of Einstein's ideas in Argentina, as (Ortiz 1995) hasshown, is a negle
ted 
ontribution of Father José Uba
h. A s
ien
e tea
her atColegio del Salvador, Buenos Aires, Uba
h had re
eived training in Cataluña.He reviewed the results of Eddington's expedition in (Uba
h 1920) immediatelyafter the former published his results. His views were 
riti
al and 
ir
umspe
t,but on the whole balan
ed. His main point being that the results of the 1919observations were important but, on a

ount of the 
omplexity of the obser-vations, not yet de�nitive. Within the Argentine s
ienti�
 
ommunity, Uba
h'sviews re�e
ted a more open attitude of the Catholi
 Chur
h in Europe vis-à-vis
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ontemporary s
ienti�
 resear
h, and a further manifestation of the movementwho supported be
oming more dire
tly involved in it.Some four years later, in 1924, in preparation for Einstein's arrival in Ar-gentina, Félix Aguilar published a note on the results of the same expeditionin Boletín del Centro Naval, the journal of the navy o�
ers 
lub (Centro Na-val). His review is the third in a set of three arti
les on relativity theory; the�rst two were written by José Collo and by Teó�lo Isnardi, respe
tively. Thesethree authors were among the young most promising Argentine resear
hers ofthe time. As we pointed out before, the arti
les were neither te
hni
al nor popu-lar, addressed to �those who, without being experts, possess enough knowledgeto be
ome interested in some of the details of the development of the theory�(Collo, Isnardi & Aguilar, 1923-24). Their reviews, they said, were motivated by
ultural 
onsiderations; that is, stri
tly, they were not �s
ienti�
� papers.We will only highlight some of the main ingredients of the �rst two of thesethree papers, and then 
on
entrate a bit more on the third one, the astronomi
alreview by Aguilar. Collo was in 
harge of the �rst part, dealing with �prelimina-ries� on the spe
ial theory, from Galilean me
hani
s up to Einstein's 
on
eptionsof time, simultaneity, the postulates of Spe
ial Relativity, and ending with Lo-rentz transformations and Minkowski geometri
 representations (Collo 1923). Inthe se
ond paper Isnardi fo
used on General Relativity and gave a dis
ussionup to the theory's predi
tions regarding the de�e
tion of light in a homogeneousgravitational �eld and also the resulting gravitational red-shift of light propa-gating in an inhomogeneous �eld as that of the Sun. In the se
ond half of his
ontribution, he 
omputed geodesi
s in S
hwarzs
hild spa
etime getting the 
las-si
al value of 43� per 
entury for the anomalous perihelion advan
e of the planetMer
ury and the 1.74� de�e
tion of light-rays of ba
kground stars passing 
loseto the Sun (Isnardi 1923).The third paper (Aguilar 1924) began with a histori
al review of the ques-tion of the anomalous perihelion advan
e of Mer
ury (to whi
h Perrine, with hisobservations and sear
h of a possible intra-mer
urial planet and 
elestial pho-tography, had 
ontributed substantially), and Einstein's interpretation of thisphenomenon. Aguilar then dis
ussed the observations related to the veri�
ationof the se
ond 
lassi
al test of General Relativity: the de�e
tion su�ered by ba-
kground starlight passing 
lose to the limb of the Sun. In this part, he reviewedbrie�y the 1914 e
lipse, but did not mention Perrine's work or the Argentineexpeditions of 1912 and 1914. He gave a detailed a

ount of the famous Britishe
lipse expeditions of 1919 to Sobral, in Northern Brazil, and to the island ofPrín
ipe, near Afri
a, whi
h 
on�rmed Einstein's predi
tions. For these, as wellas for the following Li
k Observatory e
lipse expedition in Australia of Septem-ber 21st, 1922, he in
luded tables and diagrams of the shifts in the position ofmany ba
kground stars, quoted even with error bounds, and photographs of thee
lipsed Sun and of the experimental setting. Aguilar's arti
le �nished with threepages in whi
h he explained the extraordinary di�
ulties involved in trying totest the third 
lassi
al predi
tion of General Relativity, namely, the tiny red-shiftof the Sun light spe
trum due to the gravitational �eld of our star. He quotedthe analysis Freundli
h and others performed on Sun plates obtained for previousstudies of the Sun; however, he failed to remark that these plates had 
ome toFreundli
h's hands through the generous intervention of Perrine, the astronomer



6 Alejandro Gangui & Eduardo L. Ortizfrom lo
al Córdoba. Aguilar 
arefully emphasised the di�
ult problem of di�e-rentiating the Doppler shifts, kinemati
al in origin, from the gravitational shifts.As Uba
h before him, Aguilar 
on
luded that the situation was not 
lear, neitherin favour nor against General Relativity predi
tions, and that Einstein's theorywas pushing experimental observations to their te
hni
al limit.5. Final remarksNew developments in mathemati
s and in theoreti
al physi
s attra
ted at-tention in Argentina from at least the last third of the nineteenth 
entury; fromthe early part of the twentieth 
entury there was an interest in the new theory of�quanta�, and later in Einstein's relativity theory. Argentina's e
onomi
al pros-perity made it possible to attra
t to its universities and advan
ed institutionss
ientists with a remarkable re
ord. One of them, Charles Dillon Perrine, di-re
tor of the Córdoba National Observatory, played an interesting role in theearlier e�orts to verify Einstein's theory, personally and through his advi
e toothers, Freundli
h, among them. The importan
e of these attempts, understan-dably, may not have been as 
lear then as they were after 1919. However, even aslate as 1926, after Einstein's visit to Argentina in 1925 and after the publi
ationof (Perrine 1923), su
h per
eption is still absent in both (Aguilar 1924) and inthe o�
ial SCA's history of astronomy in Argentina for the period 1872-1922(Chaudet 1926). In his review, Chaudet makes referen
e to the 1912 and 1914e
lipse expeditions of the Córdoba Observatory, of whi
h he was an employee,but without any referen
e to Perrine's attempts in 
onne
tion with relativitytheory (Chaudet 1926, p. 72). In any 
ase, Perrine attempted to prove or dispro-ve relativity with the a
quies
en
e and �nan
ial support of the Argentine state,and as a leading member of its o�
ial s
ienti�
 elite. Uba
h's interesting paperhad also gone into oblivion. Clearly, there was some la
k of 
ommuni
ation atthe highest s
ienti�
 levels of the astronomi
al 
ommunity in the Argentina ofthe mid 1920s.A
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