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PRESENTATION

n May 29, 1919, a total eclipse of the Sun was recorded at Sobral, Ceara, and also
Oat Principe Island, on the African coast. The experiments carried out in the obser-
vation of this ephemeris allowed the proof of the General Relativity Theory, which the
physicist Albert Einstein had published in 1915.

Brazil was a protagonist of this important achievement: the photographs recorded
in Sobral confirmed the value predicted by the General Relativity Theory on light deflec-
tion. Three expeditions went to the city, organized by astronomer Henrique Morize, then
director of the National Observatory.

Starting the celebrations for the 100th anniversary of the total eclipse of the Sun,
the National Observatory revisited the city that was the scene of this great science
revolution, where it held the exhibition “Through the sky of Sobral”, with images record-
ed by the award-winning photographer Luiz Baltar, depicting the city and the radiant sky
of the “sertao”, backlands.

To close this commemorative year, the National Observatory launches this book,
which brings together diferent views on the expeditions to Sobral and Principe Island
and on the results that confirmed Einstein’s Theory of General Relativity.

These reports highlight the importance of the photographic plates taken at Sobral,
which definitely provided the data that confirmed the predictions of Einstein’s theory.

May these articles allow the reader to travel back in time and especially to uncover
the scientific revolution that these results have generated!

Joao dos Anjos
Director of the National Observatory
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APRESENTACAO

m 29 de maio de 1919, um eclipse total do Sol foi registrado em Sobral, no Ceara,
E e também na Ilha do Principe, na costa africana. Os experimentos realizados na
observacao desta efeméride permitiram a comprovacao da Teoria da Relatividade
Geral, que o fisico Albert Einstein havia publicado em 1915.

0O Brasil foi protagonista deste importante feito: as fotografias registradas em
Sobral confirmaram o valor previsto na Teoria da Relatividade Geral sobre a defle-
xdo da luz. Trés expedicdes foram para a cidade, organizadas pelo entdo diretor do
Observatorio Nacional, o astronomo Henrique Morize.

Iniciando as celebracoes pelos 100 anos do eclipse total do Sol, o Observatério
Nacional revisitou a cidade que foi palco desta grande revolucao da ciéncia, onde
realizou a exposicao “Pelo céu de Sobral”, com imagens registradas pelo premiado
fotografo Luiz Baltar, retratando a cidade e o radiante céu do sertao.

Para encerrar este ano comemorativo, o Observatorio Nacional langa o presente
livro, que retine diversos olhares sobre as expedicdes a Sobral e a Ilha do Principe
e sobre os resultados que confirmaram a Teoria da Relatividade Geral, de Einstein.

Estes relatos evidenciam a importancia das chapas fotograficas tiradas em So-
bral, que definitivamente forneceram os dados que confirmaram as previsoes da
Teoria de Einstein.

Que estes artigos permitam a vocé, leitor, fazer uma viagem no tempo e, espe-
cialmente, conhecer a revolugao cientifica que esses resultados geraram!

Joao dos Anjos
Diretor do Observatdrio Nacional
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bservations of light deflection around the Sun,
made during the 1919 eclipse, had a huge im-
pact on science, culture and the history of hu-
manity. They catapulted Albert Einstein (1879-1955),
from being a scientist who was known only by his col-
leagues to the most well-known scientist of all times.
The theory he developed, underpinned by his and his
colleagues’ previous research, profoundly affected
our vision of the Universe and supplanted Newton’s

theory of gravity, formulated two
centuries earlier. The decisive ob-
servations, the ones that confirmed
Einstein’s predictions, were made
by British astronomers in Sobral
(Ceard) and on Ilha do Principe, that
belonged to Portugal at that time.

This piece of work arose from
a question I found myself posing in
casual discussions with colleagues
and at research presentations and
debates, during activities to celebrate
the centenary of the 1919 eclipse:
“Why, despite the importance of
the observations made in Sobral,
that provided the most precise
measurements of the deflection of
light, during the eclipse of the Sun
on 29 May 1919 and that presented
robust evidence for the confirmation
and acceptance of General Relativity
Theory (GRT), are the references to
these observations in books, articles
and on the internet often incomplete
and relatively limited?”

sobservagoes dadeflexao daluznasvizinhangas
do Sol, realizadas no eclipse de 1919, tiveram
um enorme impacto na ciéncia, na cultura e na
historia da humanidade e se constituiram no aconteci-
mento que catapultou Albert Einstein (1879-1955), de
um cientista conhecido apenas por seus pares, para o
cientista mais conhecido de todos os tempos. A Teoria
elaborada por ele, escorado em trabalhos anteriores
seus e de outros colegas, alterou profundamente a

nossa visao sobre o Universo e suplan-
tou o paradigma gravitacional que
Newton havia formulado dois séculos
antes. As observagoes decisivas, que
confirmaram as previsoes de Einstein,
foram feitas por astrénomos britanicos
em Sobral (Ceara) e na Ilha do Principe,
entao pertencente a Portugal.

Este trabalho surgiu de uma per-
gunta que sempre me fazia quando
discutia informalmente com colegas
ou nas apresentagoes de trabalhos e
debates durante as atividades come-
morativas do centenario do eclipse de
1919: “Por que, apesar da importancia
das observacoes feitas em Sobral - que
permitiram as medidas mais precisas
da deflexao da luz, durante o eclipse do
Sol de 29 de maio de 1919, e que cons-
tituiram uma evidéncia poderosa para a
confirmacao e a aceitacao da Teoria da
Relatividade Geral (TRG), as referén-
cias em livros, artigos e na internet a
tais observacoes sao, muitas vezes, in-
completas e relativamente reduzidas?



THE ECLIPSE IN SOBRAL: CONCEALED AND REVEALED_Most quotations, particu-
larly in books published abroad and on the internet, refer to the observations made on
Ilha do Principe and more often than not focus solely on the participation of the British
astronomer Arthur Eddington (1882-1944).

For instance, a quick Google search reveals that quotations linked to the terms
“Principe”+“eclipse”+“1919” brings up around 250 thousand pages, while the same
terms, substituting “Principe” with “Sobral”, brings up only 60 thousand pages. Like-
wise, when the name Eddington is searched, in conjunction with “eclipse” and “1919”
the number reaches 110 thousand. However, when Eddington is substituted with the
name of the astronomer who led the expedition in Sobral, Andrew Crommelin (1865-
1939), the number drops to 10% of the former, i.e. around 11 thousand references.
When different combinations of words relating to the 1919 eclipse, with the two lo-
cations and the respective astronomers or Einstein’s name, are searched, the same
result occurs. On Google (in English or Portuguese) references to Ilha do Principe
considerably outnumber references to Sobral. Moreover, Eddington is usually the only
astronomer mentioned in connection with the observations.

A preliminary investigation in libraries and bookshops, of scientific books pub-
lished on this subject produces the same results. This is incompatible with the scien-

0 ECLIPSE DE SOBRAL ENTRE OCULTAMENTOS E REVELACOES_A maioria das citacdes, em especial em
livros de divulgacao do exterior e na internet, se refere as observagoes feitas na Ilha do Principe e se destaca,
quase sempre, apenas a atuacao do astronomo britanico Arthur Eddington (1882-1944).

Uma verificagao rapida no Google mostra, por exemplo, que as citacdes referentes aos termos “Principe”+“e-
clipse”+“1919” atingem em torno de 250 mil paginas; ja os termos analogos, mas substituindo “Principe” por
“Sobral”, chegam apenas a 60 mil. Do mesmo modo, quando se usa 0 nome de Eddington em conjunto com “eclip-
se” e “1919” o nimero atinge 110 mil; mas quando Eddington é substituido por Andrew Crommelin (1865-1939),
o astrénomo que chefiou a expedicao a Sobral, tal nimero se reduz a 10% do anterior, da ordem de 11 mil cita-
coes. Varias combinacoes diferentes de palavras relacionadas com o eclipse de 1919, com as duas localidades
e com os astronomos envolvidos ou acrescentando-se o nome de Einstein, podem ser tentadas, mas o resultado
é sempre similar: nas paginas do Google (em inglés ou mesmo em portugués) as referéncias a Ilha do Principe
superam, em muito, as referéncias a Sobral. De forma similar, Eddington é quase sempre o Unico astrbnomo a ser
citado em relacdo as observagdes feitas.

Uma verificagao preliminar nos livros de divulgacao cientifica que tratam do tema, e que pode ser feita em
bibliotecas e livrarias, repete mais ou menos o0 mesmo quadro. Isso conflita com a importancia cientifica das me-



didas feitas em Sobral que
superaram significativamen-
te, em precisao, as da Ilha do
Principe, como reconhecido
pelos proprios astronomos
que fizeram as observacoes
e que calcularam os resulta-
dos finais expressos no arti-
go original. Do mesmo modo,
a figura isolada de Eddington
€ quase sempre associada
ao empreendimento coletivo
e 0S outros participantes do
processo sao ocultados.

A questao que entao se
coloca é: por que a impor-
tancia de Sobral e de outros
astrobnomos nas observa-
coes do eclipse de 1919 é
minimizada em relacao a da
Ilha do Principe e a de Ed-
dington? Por que Sobral e
o0s outros astrénomos ficam
quase sempre eclipsados?
Como este “ocultamento”
foi construido ao longo de
um século?

tific importance of the measurements taken at Sobral that were significantly
more precise than those taken at Ilha do Principe. This is acknowledged by
the very astronomers who made the observations and who calculated the fi-
nal results published in the original article. Likewise, the singled out figure of
Eddington almost always represents the collective effort and the other par-
ticipants remain unnamed.

Therefore, the question to be posed is the following: why is the impor-
tance of Sobral and the other astronomers who participated in the obser-
vations of the 1919 eclipse, treated as less important than Ilha do Principe
and Eddington? Why are Sobral and the other astronomers almost always
eclipsed? How was this ‘concealment’ constructed over the century?

This text seeks to show that in fact many books and
articles on General Relativity, cosmology and scientific
history, whether technical texts or scientific publications,
have distorted history and often attribute merit to these
measurements to Eddington alone. He is certainly the
most prominent character in this story, but he is not the
only one of in terms of importance. Similarly, usually only
Ilha do Principe, and not Sobral, is mentioned as the ob-
servation site for the eclipse. It was also the place that
Eddington went to. The two British astronomers who car-
ried out observations at Sobral, Andrew Crommelin and
Charles Davidson (1875-1970), are rarely mentioned. In
addition, the work carried out by the Brazilian team, led
by Henrique Morize (1860-1930), that was significant to
the success of the expeditions, is not sufficiently valued.

O fato é que, e este texto pretende mostrar isto, em muitos livros e artigos
sobre relatividade geral, cosmologia ou historia da ciéncia, desde textos mais

técnicos até os de divulgacao cientifica, floresceu uma deturpagao histérica que

atribui com frequéncia o mérito Unico dessas medidas a Eddington, certamente o
personagem de maior destaque no processo, mas nao o Unico com importancia.

De forma similar, usualmente se menciona apenas a Ilha do Principe, e ndo Sobral,

como o local de observacao do eclipse e para onde Eddington se dirigira. Os dois



astronomos britanicos que fizeram
as observacoes em Sobral, Andrew
Crommelin e Charles Davidson
(1875-1970), sao raramente men-
cionados. Do mesmo modo, nao se
valoriza adequadamente o impor-
tante trabalho para o sucesso das
expedicoes, que foi realizado pela
comissao brasileira, chefiada por
Henrique Morize (1860-1930).
Outro fato aqui referido é que
as primeiras tentativas de obser-
vacao do eclipse do Sol, destinadas
a testar as previsoes de Einstein,
tiveram inicio em 1912, em Minas
Gerais, com o astronomo Charles
Dillon Perrine (1867-1951) e seus
colegas do Observatorio Nacional
de Cordoba. Esse fato € ignorado
em praticamente todos os livros e
artigos relativos ao tema, inclusive

Another fact referred to here is that the first attempts to ob-
serve the eclipse of the Sun, aimed at testing Einstein’s predictions,
took place in 1912, in Minas Gerais, led by the astronomer Charles
Dillon Perrine (1867-1951) and his colleagues from the National
Observatory of Cérdoba. This fact is ignored in almost all the books
and articles related to this theme, including texts specialising in the
history of General Relativity, with the rare exception of a few books
analysing technical and historical details about gravitational lenses.

Concealing the real story concerning the production of scientif-
ic knowledge with regard to certain processes and the key people
involved is not unusual in scientific history, published in books and
in teaching and information material.

Contributions by people like Robert Hooke (1635-1703) and
Alfred Wallace (1823-1913) were understated or even obliterated
in later discussions. In the same way that Newton’s fame eclipsed,
significant contributions by other physicists and mathematicians

of the time, like Hooke or
even by later ones as Leon-
hard Euler (1707-1783), and
just as, until recently, any
reference to Wallace paled

em textos especializados na historia da relatividade geral, e com a
rara excecao de um ou outro livro que analisa os detalhes técnicos e
historicos das lentes gravitacionais.

Nao é novidade na histdria da ciéncia, difundida em livros e ma-
teriais didaticos e de divulgacao, o ocultamento da trama real que
envolve a produgdo do conhecimento cientifico em determinados
processos e de personagens que foram ali determinantes.

Assim, personagens como Robert Hooke (1635-1703) ou Al-
fred Wallace (1823-1913) tiveram suas contribuicdes minimizadas
ou até obliteradas em avaliacoes posteriores. Do mesmo modo que
a fama de Newton eclipsou contribuigoes significativas de outros
fisicos e matematicos do periodo, como Hooke, ou mesmo poste-
riores como Leonhard Euler (1707-1783), e que Wallace, apesar

in comparison with Charles
Darwin (1809-1882), despite
his independent formulation
of the theory of natural se-
lection, the figure of Einstein
and his work often over-
shadow the important contri-
butions made by earlier
and contemporary scientists,
like James Clerk Maxwell
(1831-1879), Hendrik Lor-
entz (1853-1928), Hermann
Minkowski (1864-1909),



de sua formulacao independente da Teoria da sele-
cao natural, se tornou, até recentemente, uma refe-
réncia palida diante de Charles Darwin (1809-1882),
a imagem destacada de Einstein em seus trabalhos,
muitas vezes, também ignora ou atenua as contribui-
coes importantes de cientistas anteriores, ou contem-
poraneos, como James Clerk Maxwell (1831-1879),
Hendrik Lorentz (1853-1928), Hermann Minkowski
(1864-1909), Henri Poincaré (1854-1912) e David
Hilbert (1862-1943).

No sentido de facilitar o entendimento deste texto,
que busca explorar um pouco melhor as razdes desses
ocultamentos historicos no caso do eclipse de 1919,
apresentamos de inicio uma sintese dos aconteci-
mentos e dos principais personagens envolvidos. Cer-
tamente, outros capitulos deste livro abordardo com
mais detalhes e profundi-
dade as diversas dimensoes
historicas desse evento cru-
cial para a historia da ciéncia
no século 20. Em seguida,
analisaremos como os livros
sobre a Teoria da Relativida-
de Geral (TRG) se referem ou
divulgam os acontecimentos
relativos ao eclipse de 1919.

Na sequéncia, investigare-

MOS COMO esse Processo

ocorreu no Brasil, em livros,

revistas e jornais, na busca

por compreender porque,
também em nossa terra, o
conhecimento sobre o eclip-
se de Sobral ¢ tao parco.

Henri Poincaré (1854-1912)
and David Hilbert (1862-
1943), are either ignored or
underrated.
Aiming  at
understanding of this text,

facilitating

that seeks to explore a lit-
tle more the reasons for the
concealment of the histo-
ry of the case of the 1919
eclipse, firstly we present a
summary of the events and
main characters involved.
Certainly, other chapters of
this book will handle the dif-
ferent historic dimensions
of this event, that is crucial
to 20th century scientific history, in more detail and
depth. Next, we will analyse how books on General
Relativity Theory (GRT) refer to or publicise events
surrounding the 1919 eclipse. Subsequently we will
investigate how this process happened in books,
magazines and newspapers in Brazil, in an attempt to
grasp why understanding about the eclipse observed
from Sobral is also so sparse here.

THE 1912 AND 1919 ECLIPSES OF THE SUN_In
1911, in analysing the possible influence of gravity on
the propagation of light, Einstein deduced the value of
the angle of the deflection of light from stars as they
passed near to the Sun: 2GM/rc?, where G is the grav-
itational constant, M is the mass of the Sun, r is the
maximum approximation of the light ray in relation to
the centre of the Sun and c is the speed of light. He



estimated that the angle would be approximately 0.87” (arc seconds), an extremely small value, for a trajectory
close to the Sun. This was the same value reached by Johann Georg von Soldner (1776-1833), in 1803 and by
Henry Cavendish (1731-1810), in 1784, hoth of whom used Newton’s methods.

Einstein did this without knowing the previous results, using his Equivalence principle. He immediately
suggested to astronomers that it could be possible to measure this angle during a total eclipse of the Sun, using
photographs of stars, the light of which would go past the Sun’s border, when compared to photographs of the
same stars when the Sun was no longer in front of them.

An expedition by Argentinian astronomers from the Argentinian National Observatory (Cordoba), led by

Charles Perrine, had already attempted to measure this deflection of the light of stars in 1912. Perrine had been
encouraged to do this by Erwin Finlay-Freun-
dlich (1885-1964), an astronomer from the
Berlin Observatory and a friend of Einstein’s.
Observations during the total eclipse of the
Sun were to be made in the town of Cristina
(MG), but it rained throughout the time and no
measurements were taken.

OSECLIPSES DO SOLDE 1912 EDE 1919_Em

1911, analisando a possivel influéncia da gravita-

¢ao na propagacao de luz, Einstein deduziu o va-

lor do dngulo de deflexao da luz das estrelas ao

passar nas vizinhangas do Sol: 2GM/rc?, onde G

¢ a constante gravitacional, M é a massa do Sol,

r € a distancia de aproximacao maxima do raio luminoso em relacdo ao centro do Sol, e ¢ é a velocidade da luz.

Ele estimou que o angulo seria de aproximadamente 0,87” (segundos de arco), um valor extremamente pequeno,

para uma trajetdria rasante ao Sol. Tratava-se da mesma expressao obtida por Johann Georg von Soldner (1776-

1833), no ano de 1803, e por Henry Cavendish (1731-1810), em 1784, ambos utilizando método newtonianos.
Einstein fez isso sem conhecer os resultados anteriores e levando em conta seu Principio da Equivaléncia.

Logo em seguida, ele sugeriu a astrbnomos que esse angulo poderia ser medido em um eclipse total do Sol, por

meio de fotografias de estrelas cuja luz passasse na borda do Sol comparadas com fotos das mesmas estrelas

quando o Sol nao estivesse mais na frente delas.



Uma expedicao astrondmica argentina do
Observatorio Nacional Argentino (Cérdoba),
dirigida por Charles Perrine, tentou medir essa
deflexao da luz das estrelas ja em 1912. Per-
rine havia sido estimulado a fazé-lo por Erwin
Finlay-Freundlich (1885-1964), astronomo do
Observatorio de Berlim e amigo de Einstein. As
observagdes, durante um eclipse total do Sol,
seriam feitas no Brasil, na cidade Cristina (MG);
mas choveu todo o tempo e nada foi medido.

Outras tentativas para medir a deflexao da
luz das estrelas pelo Sol, e igualmente frustra-
das, foram feitas em outros eclipses: em 1914
na Crimeia, em 1916 na Venezuela, sendo que
Perrine participou de ambas e, em 1918, nos
EUA. No eclipse de 1912 vieram também a
Minas Gerais, Eddington e Davidson, que de-
sempenhariam papel fun-
damental nas ohservacoes
de 1919. Possivelmente foi
na interacao entre Perrine e
Eddington (comprovada por
carta deste para sua mae),
no Rio de Janeiro, antes do
eclipse de 1912, que o as-
tronomo britanico teve co-
nhecimento da previsao de
Einstein sobre a possivel de-
flexdo do raio luminoso nas
vizinhangas do Sol.

Nao localizamos noticias
nos jornais brasileiros que
mencionassem a finalidade
da expedicao argentina que

Other failed attempts to measure the de-
flection of the light of stars by the Sun, were
made during the following eclipses: 1914 in
Crimea and 1916 in Venezuela, both of which
Perrine participated in and in 1918, in the
USA. Eddington and Davidson also came to
Minas Gerais for the 1912 eclipse. They later
played an important role in the 1919 obser-
vations. It may have been during exchanges
between Perrine and Eddington (proved by a
letter to his mother), in Rio de Janeiro, before
the 1912 eclipse, that the British astronomer
found out about Einstein’s prediction regard-
ing the possible deflection of light rays close
to the Sun.

We did not find any mention of the objec-
tive of the Argentinian expedition to Cristina in

Brazilian newspapers which
was to measure the deflec-
tion of the light of stars as
they passed near to the Sun.
At this time this was not a
matter of great importance
because it did not represent
a clash between two grav-
itational theories, as was
to happen in 1919. Nor did
we find photographs of the
commissions located in the
towns of Cristina and Alfenas
in the national media.
Photographs of the Ar-
gentinian commission in Cris-
tina are lodged at the Astron-



omy Observatory in Cérdoba (figure 1).
Relationships and cooperation among
several astronomers who were in the
region to observe the eclipse such as
Eddington, Perrine, Morize and David-
son, were important and were to help in
preparations for the successful obser-
vations of the eclipse in Sobral, seven
years later. However, this first attempt
to measure light deflection is not even
mentioned in the vast majority of books
on GRT or even in history books and arti-
cles, such as the historical comments in
the Collected Papers of Albert Einstein.

Einstein arrived at his General Rela-
tivity Theory in 1915, based on the idea

ficou sediada em Cristina: medir a deflexao da luz das estrelas ao
passar nas proximidades do Sol. Na época essa nao era uma questao
de maior importancia porque nao traduzia um confronto entre duas
Teorias gravitacionais, como viria a ocorrer em 1919. Também nao
conseguimos encontrar, na midia nacional, fotografias das comis-
soes localizadas nas cidades de Cristina e Alfenas.

Fotos da comissao argentina em Cristina existem nos arquivos
do Observatorio Astrondmico de Cdrdoba (figura 1). As relagdes e
cooperacoOes estabelecidas entre varios astronomos que estiveram
naquela regiao para observar o eclipse, como Eddington, Perrine,
Morize e Davidson, foram importantes e ajudariam na preparagao
das observacdes bem-sucedidas do eclipse de Sobral sete anos de-
pois. No entanto, na imensa maioria dos livros sobre a TRG e mesmo
livros e artigos histdricos, como nos comentarios histéricos dos Col-
lected Papers of Albert Einstein, esta primeira tentativa de se medira
deflexao da luz sequer € mencionada.

Figura 1. Equipamentos

da expedigdo argentina em
Cristina (MG) em 1912.
Crédito: Paolantonio et all.
Tentativas argentinas para
comprovar a Teoria

da Relatividade Geral:

os eclipses solares totais de
1912,1914e1919

Figure 1. Equipment of

the Argentinian expedition in
Cristina (MG) in 1912.

Source: Paolantonio et al.
Argentinean attempts to prove the
Theory of General Relativity:
the total solar eclipses of 1912,
1914 and 1919



Em 1915, Einstein chegou a sua Teoria da Relatividade Geral baseado na ideia de
que a gravitacao resulta da alteragao da geometria do espago-tempo pela presenca da
matéria. A partir dela, previu que a luz das estrelas, ao seguir a trajetoria mais curta nes-
te espago-tempo curvo, sofreria uma deflexao nas vizinhangas do Sol por um valor que
seria 0 dobro do previsto na Teoria newtoniana, ou seja o angulo de deflexao deveria ser

aproximadamente 1,74”.

Desde 1917, astrénomos britanicos, capitanea-
dos por Eddington e Frank Dyson (1868-1939), co-
megaram a se preparar para ohservar o eclipse do Sol
que aconteceria em 29 de maio de 1919 e testar a
previsao de Einstein. Organizaram duas expedicoes
para regides nas quais o eclipse seria total: uma, com
Eddington e Edwin Cottingham, para a Ilha do Prin-
cipe, e outra, com Davidson e Crommelin, para So-
bral. A escolha de Sobral como ponto de observagao
no Brasil foi feita por Morize, diretor do Observatério
Nacional do Rio de Janeiro, que ficou encarregado de
providenciar a infraestrutura para as expedicoes es-
trangeiras que viriam ao Ceara.

Em Sobral, no dia 29 de maio de 1919, as condi-
cOes ficaram boas na hora do eclipse, que ocorreu as
08:56h e durou cerca de 5 minutos. As 17 fotografias
tiradas com o uso do telescopio com maior diametro
nao ficaram boas, por um problema de foco. Mas sete

that gravity is the result of a geometrical alteration in
space-time with the presence of matter. On this basis
he predicted that the light from stars would suffer a
deflection close to the Sun, as it followed the shortest
path in this space-time curve, by a value that would
be twice the one predicted in Newton’s theory, i. e.,
the angle of deflection would be approximately 1.74”.

In 1917, British astronomers led by Eddington
and Frank Dyson (1868-1939) started preparing for
their observation of the eclipse of the Sun, that was
to take place on 29 May 1919, and to test Einstein’s
prediction. They organised two expeditions to regions
where there would be a total eclipse of the Sun: one
by Eddington and Edwin Cottingham on the Ilha do
Principe and the other by Davidson and Crommelin in
Sobral. The choice of Sobral as an observation point
was made by Morize, the Director of the Rio de Janei-
ro National Observatory who was in charge of provid-
ing the infrastructure for the foreign expeditions that
were to come to Ceara.

On 29 May 1919 conditions were good in Sobral at the time of the eclipse at 8.56

and lasted for about 5 minutes. Seventeen photographs taken using a broader diame-
ter telescope were not good quality due to a focus problem. But seven plates, from a
10.2 cm lens were deemed very good and seven stars could be seen in them. However,
at Ilha do Principe it was rainy and few photographs were taken and only two of them
could be used, leading to far less accurate results than provided by photographs from
Sobral. The Brazilian commission, led by Morize, took observations of the solar corona
during the eclipse. Measurements of terrestrial magnetism and atmospheric electricity



chapas, provenientes de um telescdpio com lente de 10,2cm, foram consideradas muito boas; sete estrelas apa-
reciam nelas. Ja na Ilha do Principe o tempo esteve chuvoso e poucas fotografias foram tiradas; delas so duas
puderam ser aproveitadas, e levaram a resultados bem mais incertos que os de Sobral. A comissao brasileira em
Sobral, liderada por Morize, fez observagdes sobre a corona solar durante o eclipse. Medidas do magnetismo ter-
restre e de eletricidade atmosférica foram feitas pelos norte-americanos Daniel Wise e Andrew Thomson (1893-
1974). Note-se que outro personagem importante na observagao do eclipse, e também nunca mencionado, com

were taken by the North Americans Dan-
iel Wise and Andrew Thomson (1893-
1974). 1t is worth noting that another
important person at the observation of
the eclipse, who is also rarely mentioned,
with the exception of the rightful mention
about him in Daniel Kennefick’s recent
book (1965), was the Irish instrument
maker Howard Grubb (1844-1931), who
produced three of the lenses used on the
two British expeditions in 1919 and the
celostate mirror that produced the best
images in Sobral.

On 6 November 1919, following me-
ticulous study of the photographic plates,
the astronomers Frank Dyson, Eddington
and Davidson publicly announced results
of the ohservations in Sobral and Ilha do
Principe. The measurements taken in So-
bral gave the approximate value of 1.98”

excecao do justo destaque a ele dado no livro
recente de Daniel Kennefick (1965), foi o cons-
trutor de instrumentos irlandés Howard Grubb
(1844-1931), que produziu as trés lentes usa-
das nas duas expedicoes britanicas de 1919 e o
espelho do celdstato que produziu as melhores
imagens em Sobral.

No dia 6 de novembro de 1919, apds um
estudo minucioso das chapas fotograficas, os
astrdnomos Frank Dyson, Eddington e David-
son expuseram publicamente os resultados
das observacoes de Sobral e da Ilha do Princi-
pe. As medidas feitas em Sobral deram o valor
aproximado de 1,98” para o angulo de deflexao
da luz; um valor um pouco menor, 1,61”, e com
incerteza maior, havia sido medido nas chapas
da Ilha do Principe. Eles concluiram: “Resu-
mindo os resultados das duas expedicdes, o
maior peso deve ser atribuido aos obtidos com
a lente de 10,2 cm em Sobral. Da superiorida-

for the angle of the deflection of light. A slightly lower and less certain value of 1.6” was measured using the plates
from Ilha do Principe. They concluded the following: “summarising the results from the two expeditions, greater
weight must be attributed to those obtained with the 10.2 cm lense used in Sobral. Given the superior quality of
the images and the larger scale of the photographs it was acknowledged that these results were more reliable.”
The final result was close to the prediction of GRT and was within the margin of error: “both [the results] point to the
total deflection found in Einstein’s General Relativity Theory. The results from Sobral were decisive but the results
from Principe were perhaps less so.”



de das imagens e da escala maior das fotografias, re-
conheceu-se que estas seriam as mais confiaveis”. O
resultado final levou a um angulo proximo, dentro da
margem de erro, daquele previsto pela TRG: “ambos
[os resultados] apontam para a deflexao total da Teoria
da Relatividade Geral de Einstein, os resultados de So-
bral definitivamente, e os resultados do Principe talvez
com alguma incerteza”.

Nos dias seguintes, jornais de todo o mundo trou-
xeram em manchetes que ocorrera uma revolucdo na
ciéncia: a Teoria de Einstein superara a de Newton. So-
bral se tornou, assim, o local onde foi realizada a prin-
cipal observagao astrondmica que proporcionou uma
evidéncia muito forte para a confirmacao e a aceitacao
da TRG de Einstein.

Em 1920, esses resultados foram publicados na
revista Philosophical Transactions, da Royal Society of
London, no artigo “A Determination of the deflection of
light by the sun’s gravitational field, from observations
made at the total eclipse of may 29, 1919”, assinado
pelos trés autores.

0 ECLIPSE DE SOBRAL E SUA DIFUSAQ_Jean Ei-
senstaedt (1940) analisou em artigos, e no livro Einstein
et la relativité générale, editado em 2002, a historia da
TRG desde os seus primordios e a difusao da Teoria den-
tro da comunidade dos fisicos e astrénomos. Ele apon-
tou que, logo apds os primeiros anos, entre 1915 e 1925
aproximadamente — e que constituiu a fase de recepcao
e difusao na qual a Teoria despertou bastante atencao
- o interesse por ela caiu significativamente, em fungao
de ser uma Teoria bastante abstrata, dificil e sem aplica-
coes imediatas naquele momento, enquanto que a fisica
quantica galvanizava muito mais a atencao dos fisicos.

Over the following days, the headlines in the
world’s newspapers reported a scientific revolution.
Einstein’s theory had supplanted Newton’s. Sobral
became the location of the principal astronomic ob-
servation to provide very strong evidence to confirm
and accept Einstein’s GRT.

These results were published, in 1920, in the
Royal Society of London journal, Philosophical Trans-
actions in an article entitled “A determination of the
deflection of light by the sun’s gravitational field, from
observations made at the total eclipse of May 29,
1919”7, undersigned by the three authors.

THE ECLIPSE AT SOBRAL AND ITS DISSEMINA-
TION_In articles and in the book, Einstein et la rel-
ativité générale, revised in 2002, Jean Eisenstaedt
(1940) analysed the history of GRT from its begin-
nings as well as dissemination of the theory within
the physics and astronomy communities. He states
that immediately following the initial years, between
approximately 1915 and 1925 — which was also the
time when the theory was received and disseminat-
ed, drawing considerable attention — interest in the
theory fell significantly, for it was rather abstract and
difficult, as well as being difficult to apply at that time.
Meanwhile, quantum physics was galvanizing the at-
tention of physicists.

Between 1930 and 1960 there were not even any
formal chairs for General Relativity on physics cours-
es. There were few researchers dedicated to the sub-
ject and those who were worked alone. Therefore, the
dissemination of technical books and scientific publi-
cations on these matters was also limited, reflecting
the fact that research was in its incipient stages. It



was only in the 1960s that the first formal courses, conferences and resources to support research in this area
emerged. In subsequent decades interest in and research on GRT and Cosmology grew rapidly.

Firstly, we will examine how the 1919 eclipse was handled in the first books on GRT. These were based on
the work of the principal creator and on pioneers of the new theory. In particular, the publication of Einstein’s
original article, in 1916, on GRT was the springboard for other articles and books. The first of the books to
disseminate the theory was written by Einstein himself, in 1916. It was published in Germany and mentioned

the three classic tests for GRT, but did not,
of course, discuss the results of the 1919
eclipse. Immediately after dissemination
of these results and Einstein’s rise to fame,
it was published in 1920 in its first English
language edition, now with an appendix
containing information on the measure-
ments collected.

Here follows Einstein’s description of
the event in his book disseminating the
theory, Relativity — the special and gen-
eral theory: “We are grateful to the Royal
Society and the Royal Astronomical Soci-
ety for their investigation of this important
deduction. Relentlessly, and undeterred
by war and the material and psycholog-
ical difficulties caused by it, these socie-
ties equipped two expeditions - to Sobral
(Brazil) and to Ilha do Principe (West Af-
rica) — and sent several of Great Britain’s

Entre 1930 e 1960 sequer havia ca-
deiras formais de relatividade geral nos
cursos de fisica e poucos pesquisadores
se dedicavam ao tema, e mesmo assim,
quase sempre de forma isolada. Portanto,
a difusao de livros técnicos e de divulgacao
cientifica sobre tais assuntos era também
limitada, refletindo o estado incipiente das
pesquisas. Apenas na década de 1960 sur-
giram 0s primeiros cursos formais, as con-
feréncias e recursos para apoio a pesquisa
nessa area. Nas décadas seguintes o inte-
resse por e as pesquisas sobre a TRG e a
Cosmologia cresceram rapidamente.

Vamos examinar, de inicio, como o
eclipse de 1919 foi tratado nos primeiros
livros sobre a TRG. Eles surgiram a partir
dos trabalhos do principal criador e dos
pioneiros da nova Teoria. Em particular, a
publicacao do artigo original de Einstein,

em 1916, sobre a sua TRG foi 0 ponto de partida para outros artigos e livros. Em relacao aos livros de divulgacao,
o primeiro deles foi escrito pelo proprio Einstein, ja em 1916. Ele foi publicado na Alemanha e mencionava os trés
testes classicos da TRG, mas ainda ndo trazia, evidentemente, os resultados do eclipse de 1919. Logo depois da
divulgacao desses resultados e da fama de Einstein, ele foi publicado em 1920 em sua primeira edicao inglesa, ja
trazendo, em um apéndice, a informacao sobre as medidas realizadas.

Vejamos como Einstein descreveu o acontecimento em seu livro de divulgacao, Relativity — the special and
general theory: “Somos gratos a Royal Society e a Royal Astronomical Society pela investigacao dessa importante



most famous astronomers, (Eddington, Cottingham, Crommelin, Davidson), to obtain
photographs of the eclipse of the Sun on 29 May 1919.” It is interesting to note that
Einstein added a table with the results of the observations made in Sobral, of the seven
stars close to the Sun, in the appendix of the book, although he makes no mention of the
origin of this data. When discussing the experimental test of GRT, that he had predicted,
in his more technical book, The Meaning of relativity (1921), Einstein, only mentions
that: “the existence of this deflection (...) was confirmed, with remarkable accuracy by
the English Solar Expedition in 1919,” on page 93.

On page 90 of his technical book, The mathematical Theory of Relativity (Chelsea
Pub House, 1975) Eddington, one of the biggest disseminators of the new theory, quotes
the values obtained from the observations made in Sobral and on Ilha do Principe, but
does not mention the astronomers. However, in his excellent book to disseminate GRT,
Space, Time, Gravitation, that was edited a number of times, he dedicated the whole of
chapter VII “Weighing Light”, to a debate on the observations made in Sobral and on Ilha
do Principe and he mentions the astronomers who participated. Interestingly, the pho-
tograph at the beginning of the book, opposite the title page, is of the equipment used in
Sobral (figure 2), in recognition of the importance of the measurements they provided.

deducao. De forma destemida, apesar da guerra e das dificuldades de natureza material e psicoldgica provocadas
por ela, essas sociedades equiparam duas expedicdes — a Sobral (Brasil) e & Ilha do Principe (Africa Ocidental)
— e enviaram varios dos astronomos mais famosos da Gra-Bretanha. (Eddington, Cottingham, Crommelin, David-
son), a fim de obter fotografias do eclipse do Sol de 29 de maio de 1919.” E interessante registrar que Einstein
acrescenta no apéndice do livro a tabela com os resultados das observacdes feitas em Sobral das sete estrelas
nas vizinhancas do Sol, embora nao faca qualquer mencao a origem daqueles dados. Em seu livro The Meaning of
relativity (1921), mais técnico, Einstein, ao discutir esse teste experimental da TRG que ele previra, apenas men-
ciona, na pagina 93, que: “a existéncia dessa deflexao (...) foi confirmada, com notavel precisao, pela Expedicao
Inglesa do Eclipse do Solem 1919”.

Eddington, um dos maiores divulgadores da nova Teoria, em seu livro técnico The mathematical Theory of
Relativity (Chelsea Pub House, 1975) cita, na pagina 90, os valores obtidos pelas observacdes feitas em Sobral e
na Ilha do Principe, mas nao menciona os astrénomos. Mas em seu excelente livro de divulgacdo da TRG, Space,
Time, Gravitation, que alcancou varias edicoes, ele dedica todo o capitulo VII, “Weighing Light”, para debater as
observacoes feitas em Sobral e na Ilha do Principe e cita os astronomos participantes. De modo interessante, a
foto que abre o seu livro, na pagina oposta a folha de rosto, é aquela dos aparelhos utilizados em Sobral (figura 2),
como uma forma de reconhecimento da importancia das medidas que eles proporcionaram.



Um dos primeiros divulgadores de TRG na Alema-

nha, e cujo livro seria traduzido para o inglés, foi 0 amigo
de Einstein, Max von Laue (1870-1960). Ele escreveu
um excelente livro sobre a TGR em 1921 (Die Relativi-
tatstheorie. Zweiter Band: die allgemeine Relativitats-
theorie und Einsteins Lehre Von Der Schwerkraft — Frie-
dr. Vieweg & Sohn, Braunschweig, 1921/1923). Ali ele
cita, nas paginas 10 e 11, as observagdes do eclipse
com algum detalhe, colocando no livro uma das fotos
feitas em Sobral, a tabela com as posicoes das estrelas
nas fotos de Sobral além de mencionar o artigo original
de Dyson, Eddington e Davidson. Outro excelente livro
sobre a TRG foi escrito, na época, por Wolfgang Pauli
(1900-1958), ainda muito jovem, em 1921. Na pagina
169 da edicao da Pergamon (1958) ha uma foto com
o0s instrumentos utilizados em Sobral. Ele menciona os
resultados obtidos no Brasil e na Ilha do Principe, mas
nao nomeia o0s astronomos que os realizaram, embora
cite o artigo original.

Max Born (1882-1970) escreveu, a partir de pales-
tras sobre a TRG, um livro em 1920: Die Relativitcits-
theorie Einsteins und ihre physikalischen Grundlagen
(Springer, 1920) [depois traduzido para o inglés, Dover,

Figura 2. Instrumentos utilizados, em Sobral,
pela expedicdo britGnica para observagdo do
eclipse do Sol de 1919. Crédito: Science Museum/
Science Society Picture Library

Figure 2. Instruments used in Sobral by the British
expedition to observe the 1919 eclipse of the Sun.
Source: Science Museum/Science Society

Picture Library

Max von Laue (1870-1960), a friend of Einstein’s
was one of the first people to talk about GRT in Germa-
ny. His excellent book about GRT, written in 1921 and
later translated into English, was called Die Relativitat-
stheorie. Zweiter Band: die allgemeine Relativitatsthe-
orie und Einsteins Lehre Von Der Schwerkraft — Friedr.
Vieweg & Sohn, Braunschweig, 1921/1923. On pages
10 and 11, he mentions the observations of the eclipse
in some detail, including photographs taken in Sobral
and a tahle with the positions of the stars in the photos
of Sobral. He also mentions the original article by Dy-
son, Eddington and Davidson. Another excellent book
about GRT was written, in the same period, by a young
Wolfgang Pauli (1900-1958), in 1921. On page 169 of
the Pergamon (1958) edition there is a photograph of
the instruments used in Sobral. He mentions the re-
sults obtained in Brazil and Ilha do Principe, but does
not give the names of the astronomers who produced
them, although he does mention the original article.

Max Born (1882-1970) wrote a book in 1920,
based on seminars about GRT: Die Relativitcitstheorie
Einsteins und ihre physikalischen Grundlagen (Springer,
1920) [later translated into English, Dover, 1962]. In it,
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in Sobral and Ilha do Principe, presents the results and cites the original article.

In short, it can be said that in the early years following publication of the
results of the eclipse, i. e., from 1919 to 1925, a number of books were pub-
lished, in which trouble was taken to highlight the importance of the eclipse.
Some of these were more technical books about GRT. A characteristic that was
common to almost all of them was reference to observations done in Sobral
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were directly involved in the observations. In other words, at this time, refer-
ences to Ilha do Principe did not predominate in comparison with Sobral.
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ton, an astrophysicist who was renowned in the period between the two world
wars, perhaps the best known disseminator of GRT around the world and who
had been in Ilha do Principe to observe the eclipse, that reference to Sobral
and to the other astronomers diminished. Another reason is that the physi-
cists and astronomers who wrote these books were often unconcerned with
historical fact-checking and mentioned events and people without much care
regarding what actually led to theories and experiments.

























































