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Few discoveries in the physical sciences had more impact on the twentieth-cen-
tury world than X-rays and radioactivity. These phenomena caused great in-
terest and stimulated research in several laboratories in the world. In Portugal,  
applied studies concerning radioactivity of waters were carried out since the early 20th 
century. Whereas these studies were performed with imported instruments, the activ-
ity on fundamental research on radioactivity was developed in the thirties and forties, us-
ing instruments and apparatus build and set by the researchers themselves. Fundamental 
research on radioactivity and nuclear physics began, in Portugal, in the Centre for Stud-
ies in Physics (Faculty of Sciences of University of Lisbon). The senior members of this 
centre chose to begin by experiments on X-ray and γ-ray spectroscopy, which could en-
lighten some aspects of the nuclear models, but for which the experimental devices could 
be constructed with low costs. The settings used in those experiments were an X ray pro-
duction apparatus and an X ray spectrograph (Cauchois). Later, Geiger-Muller detectors 
were built in the Centre, as well as a Wilson Chamber and a setting to analyse beta ra-
diation by magnetic spectroscopy. The research program developed, and the experi-
ences carried out, gave interesting results, internationally recognized, and reported by  
R. T. Beyer in the bibliography of Foundations of Nuclear Physics (1947). The existence of 
the scientific instruments also allowed the doctoral training of researchers of several Universi-
ties. Besides fundamental research, the members of the Centre also achieved another activity: 
developing scientific publication.
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 Introduction In Portugal, fundamental research on radioactivity began in the Centre for 
Studies in Physics (Centro de Estudos de Física). This Centre was founded by 
Cyrillo Soares (1883-1950) in 1929 and became a very important pole of de-
velopment of scientific research in Portugal in the forties. Its main researchers, 
Manuel Valadares (1904-1982), Aurélio Marques da Silva (1905-1965) and 
Armando Gibert (1914-85), developed, between 1930 and 1947, a program on 
radioactivity and nuclear physics, which got internationally recognized results. 
The research program developed, and the experiences carried out, gave interest-
ing results, mentioned in international documents of history of science. R. T. 
Beyer reported eleven of the papers written by the researchers of the Centre, 
between 1938 and 1946 *, in the bibliography of Foundations of Nuclear Phys-
ics1. During those years a lot of relevant experiments were carried out in the 
Centre performed with some instruments build by the researchers themselves. 
X-ray spectrographs (Cauchois), Geiger-Muller detectors (including its produc-
tion) as well as a Wilson Chamber, and a setting to analyse the beta radiation 
by magnetic spectroscopy were some of the instruments and devices build in 
the Centre. 
Moreover, the existence of the scientific instruments allowed developing another 
fundamental aspect in a research centre – the training of young assistants of the 
University.  Some members of the Centre took their PhD in several European 
countries. In addition, working with the settings build in the Centre for Stud-
ies in Physics, four assistants coming from different universities did their PhD 
thesis in the Centre, which was an outstanding performance in a small country 
without university tradition on scientific research in physics and chemistry. 
Besides fundamental research, the members of the Centre also achieved another 
activity: developing scientific publication. However, the pioneering scientific 
work of the Centre did not continue for a long time, in spite of its quality.  
In 1947 Salazar’s government removed the main researchers of the Centre, 
Manuel Valadares, Aurélio Marques da Silva and Armando Gibert, among 
many other assistants  of the University. The Centre, which was a unique case in 
Portugal during the first half of the 20th century, never recovered its excellence.

* 3  The papers referred by R. 
T. BEYER in Foundations of 
Nuclear Physics are included 

in a separate list in the 
final references.
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Studying radioactivity:
from applied chemical 
studies to fundamental 

physics research

The story of modern physics starts out in the last years of the XIX century with 
a few experimental discoveries: X rays, radioactivity and the electron. These 
phenomena, which were incomprehensible in terms of the established “classi-
cal” science, caused great interest and stimulated research in several laboratories 
in the world. Some years after the three discoveries, in the 1910s, radioactivity 
had become a recognized, if not a well-established discipline, situated between 
physics and chemistry.
Also in Portugal, radioactivity became a strong incentive for chemists and 
physicists. It is legitimate to describe this period of the development of science 
in Portugal as the “fascination by radioactivity”. Since the early XX century, 
some chemists carried out applied studies concerning mineral waters. Actu-
ally, Portuguese chemistry, during the first half of the XX century, was mainly 
developed in applied areas such as food and drug analysis. Consequently, ra-
dioactivity, which by that time was emerging in practical applications, became 
an interesting subject for many Portuguese chemists who undertook a lot of 
works in radioactive waters and minerals. The first one was performed in 1910 
by Oliveira Pinto (1868-1933). In the thirties many other studies about ra-
dioactivity of waters2 and minerals3 were achieved by several professors of the 
Universities of Lisbon and Oporto. A great part of theirs papers, as well as a lot 
of articles concerning radioactivity, were published in a Portuguese chemistry 
journal founded in 1905, Revista de Química Pura e Aplicada, initially called  
Revista de Chimica Pura e Applicada4. 
Also in the thirties, some chemists and physicists became interested in funda-
mental research on radioactivity. However, only a few of them were able to 
carry out a coherent research program and to achieve it in a way to get inter-
national recognized results. Those researchers constituted a group created, in 
1929, by Cyrillo Soares (1883-1950), a Professor of Physics of the Faculty of 
Sciences of Lisbon. In 1940 this group would became a centre - Centre for 
Studies in Physics (CSP), which developed, during the forties, instrumentation 
and experimental research with international performances. CSP, which became 
a very important pole of scientific research, was a unique case in Portugal in 
the forties. 
The story of the international research on radioactivity and nuclear physics can 
explain the feelings of fascination of many Portuguese scientists by these areas  
of knowledge. However, there were other important facts, such as “national” 
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and “institutional” facts, which made possible the development of research on 
radioactivity in Portugal. One of those facts was the foundation of the CSP. 
Another one was the creation, in 1929, of an institute supporting scientific re-
search – the National Council of Research, NCR (Junta de Educação Nacional). 
One can say that in Portugal, in the forties, fundamental and experimental re-
search in physics was very poor. Otherwise, scientific activity, when practised, 
was individual. There were not research teams, working in a laboratory under  
a coordinator, according to a research program. With the foundation of NCR,  
it had become possible. The institutional support given by the NCR allowed 
postgraduate studies for the researchers, and financing of the centres.
From 1929, the year of the establishment of the National Council of Research, 
several Portuguese researchers got the new scholarships instituted by the council 
and moved to European countries to do theirs PhDs (There were 105 scholar-
ships of which 24 in physics, chemistry and mathematics from 1929 to 1933). 
Among them there were two researchers of the CSP – Manuel Valadares (1904-
1982), and Aurélio Marques da Silva (1905-1965) who did PhD on radioactiv-
ity in the Curie’s Laboratory a leading centre on radioactivity at the time.
During the 1920s and 1930s radioactivity obtained disciplinary stability. A di-
verse number of radioactive phenomena had been elucidated experimentally and 
theoretically. The area was institutionalized in several universities where some 
growing groups reshaped radioactivity research around a new set of tools and  
a new set of questions, getting significant accomplishments. Those leading 
teams and theirs laboratories, in particular the Curie’s, attracted many foreign 
students and collaborators. Some of them were Portuguese5.  A significant num-
ber of the physicists and chemists choose to work on radioactivity, at least dur-
ing the 1930’s and the 1940’s (Manuel Valadares, Mario Silva, Almeida Santos, 
Marques da Silva, Francisco Mendes, Armando Gibert, Pereira Forjaz, Branca 
Marques, Carlos Braga, José Sarmento, Lídia Salgueiro and Marieta da Silveira), 
and some of them at the Curie’s Laboratory.  Among them, there were two as-
sistants of Lisbon University (Faculty of Sciences) and members of the Centre 
for Studies in Physics – Manuel Valadares and Aurélio Marques da Silva, who 
had a relevant role in supervising the scientific research in that Centre of the 
University of Lisbon.
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Making experimental 
science: from the 

establishment of a 
research policy to the 

building scientific 
instruments

When they returned to Portugal, after their studies in foreign centres, the most 
part of the Portuguese researchers did not continue doing research. It is necessary 
to say that there were not many material conditions to carry out fundamental 
research in Portugal, at the time. The inexistence of a university tradition on 
scientific research in physics and chemistry, as well as the politics of the govern-
ment during forty years (1930 – 1970) can explain the weak scientific activity in 
that period. But, in this paper, we do not intend to analyse the reasons for that 
lack. Nevertheless, it is worth mentioning it in order to exalt the performances  
of the Centre for Studies in Physics on experimental research. Some of their 
members, like other Portuguese at the time, had the opportunity to do a PhD in 
an outstanding scientific atmosphere in a European country. On their return, un-
like the rest, those scientists elaborated a coherent research program and achieved 
it in a way to get internationally recognized results, which are mentioned in inter-
national documents of history of science6. To do that, they had some subsidies of 
the National Council, and also the support of the Centre for Studies in Physics. 
But, moreover, they had to provide proper initial conditions to develop scientific 
research of international standard. Those conditions were the establishment of a 
research policy and the creation of a research school. Valadares and Cyrillo Soares, 
in 19347, and the other researchers at CSP, later, were able to accomplish those 
conditions, choosing areas on radioactivity which would be interesting from a sci-
entific point of view, but for which the experimental devices could be performed 
with costs compatible with the Center’s budget. They also decided that the doc-
toral training would be in accordance with the established research areas. Several 
members of the CSP moved into European countries to do their PhD and when 
they returned to Portugal they continued doing research on the chosen areas.
In the CSP there were neither radioactive sources nor equipment. There were 
no funds to get them either. Therefore, Valadares decided to study the “cheaper” 
subjects: X and γ radiation. Although being “cheap”, experiments on X-rays 
and γ-rays spectroscopy could enlighten some aspects of the nuclear models.  
At the time there were many results in that domain that were not yet explained. 
Like Valadares wrote in Gazeta de Física, a Portuguese physics journal, the 
experimental data of X-rays and γ-rays spectroscopy could be important,  
in particular to establish new facts in the theory of the nuclear models: “Since 
some years I am searching, by better experimental conditions, to check the effect 
of the nuclear mass and spin under the spectra”8.
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To achieve the X-ray device [Fig. 1] Valadares had to borrow some instruments 
from other laboratories: X ray tubes, pumps, and a Ruhmkorff coil [Fig. 2]. 
To analyse the radiation he built a spectrograph [Fig. 3]. This spectrograph 
did not have the precision needed to do original research. However, with it, 
Valadares could carry out the experiments which allowed him to choose a good 
sheet of mica intended to equip an accurate spectrograph [Fig. 4].
With those instruments and the collaboration of a young assistant of the 
Faculty of Sciences, Francisco Mendes, Valadares analyzed the spectra of several 
elements (thallium, bismuth, niobium, radium D) and published their first 
results in several scientific magazines magazines: Portugaliæ Physica9, Revista 
da Faculdade de Ciências10, La Ricerca Scientifica11 and Comptes Rendus Ac. 
Sc. Paris12.

Fig. 2 3 Ruhmkorff coil  in the X ray device of the 
Centre 
(Photography of the Archives of the Museum of 
Science of University of Lisbon,1940-47)

Fig. 1 3 X ray device of the CSP 
(Photography of the Archives of the Museum 
of Science of University of Lisbon,1940-47)
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Fig. 3 3 Spectrograph of curved cristal (Cauchois 
type)  for  X radiation built in the CSP in the forties.
(Museum of Science of University of Lisbon, 
photography by Marília Peres, 2006)

Fig. 4 3 Spectrograph for X radiation 
(Photography of the Archives of the Museum 
of Science of University of Lisbon,1940-47)

The study of the X-L spectra was generalized to other heavy elements (Bi, Au), 
the precision of the measurements was improved and a new X-ray device, with 
stabilized high tension, was set. A radioactive source of RaD (Pb210), given to 
the CSP by the Public Health Institute of Rome, allowed the study of the γ 
radiation. This gift was a result of the international prestige of the CSP and the 
knowledge of its budget difficulties.
When describing the scientific work of the Centre it is important to report the 
difficulties in establishing a physics laboratory, setting up experimental devices 
and carrying out experiments in the Faculty of Sciences at that time. Valadares, 
as well as other researchers, wrote about these difficulties some years later13.  
In spite of those difficulties the Valadares’ team was going ahead with 
instruments, experimental devices and new experiments, until 1947.
Besides fundamental research Valadares also employed his X-ray setting to carry 
out several studies on applied science: radiographic analysis of ancient paintings, 
and minerals. Otherwise, new collaborators were engaged and some of them 
made their PhD at CSP. There was another step to create a research school on 
radioactivity and nuclear physics in Faculty of Sciences of Lisbon.
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Cyrillo Soares, in order to develop the research school that he was creating, 
engaged new collaborators who become very important elements. The first 
of them, Marques da Silva, made his PhD in Institut du Radium under the 
supervision of Irène Curie and Frédéric Joliot. In their experiments concerning 
the materialization of gamma rays into electron-positron pairs in the presence of 
an electron14, he could detect this phenomenon, which had never been observed 
before *. In Portugal, Marques da Silva introduced the Wilson Chamber which 
he had used in his experiences at Curie’s Laboratory [Fig. 5].
Armando Gibert was another researcher of the CSP playing an important role 
during the forties. After his PhD in Polytechnic School of Zurich under the 

Creating a re-
search school: new 
collaborators, new 

instruments and 
new experiments

Fig.5 3 Wilson Chamber device of the CSP
(published in Gazeta de Física, 1947, I, 2, cover)

* 3 The experiences and the 
results that he obtained, as 

well as the theory that justified 
those results are explained in 

detail in Marques da Silva, A., 
“Contribuição para o estudo da 
materialização da energia”, Rev. 

Quim. P. Ap. II Série, XV 
ano, Vol. XXX, 1940, pp. 1-37.
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supervision of Scherrer, Gibert returned to Portugal and continued doing research, 
building several instruments and developing some experiments. Some of his results 
published in Portugal15,16 as well as in Switzerland17,18 are reported by R. T. Beyer 
in the bibliography of Foundations of Nuclear Physics19.
One of the devices achieved by Gibert was the apparatus of Geiger-Muller detectors, 
including its production [Figs. 6, 7]. In collaboration with Surdan, a French physi-
cist living at the time in Lisbon, Gibert also built an amplifier specially intended 
for the strong sources. 
At CSP the training of young researchers become a very important task. Several as-
sistants of the Faculty of Sciences of Lisbon, as well as researchers of other universi-
ties were engaged to work at the Centre and they could make use of the equipment 
built and set by the senior members, Manuel Valadares, Marques da Silva and 
Armando Gibert. 
Lídia Salgueiro, assistant at Faculty of Sciences of Lisbon and José Sarmento, as-
sistant at Faculty of Sciences of Oporto did their PhD under Valadares on X-rays 
and γ-rays spectroscopy. J. Sarmento analyzed the satellites of spectral lines Lα of 
Au by crystalline diffraction with the spectrograph Cauchois built in the Centre.

Fig.6 3 Apparatus of the Geiger-Muller detectors built 
in the CSP
(published in  Rev. Quim. P. e Apl.,1942, 1-23: 9)

Fig 7 3 The setting of the filling of the Geiger-Muller 
detectors
(published in Rev. Quim. P. e Apl.,1942, 1-23: 12)
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Salgueiro’s and Sarmentos’s experimental results contained some important data, 
which allowed confirming theoretical results20 and were ratified by other data 
obtained, for instance, in Curie’s Laboratory. Some of those results21 were reported 
by Robert T. Beyer in Foundations of Nuclear Physics22.
Marieta da Silveira, with the Geiger Muller counter, studied the absorption of the 
Uranium X radiation [fig. 8].  One of her results was the hypothesis of the existence 
of natural radioactivity by spontaneous emission of neutrons. Marieta’s work was 
published in Portugaliæ Physica23,24,25 and was also reported by Robert T. Beyer 
in Foundations of Nuclear Physics, 194726.
The scientific prestige of the CSP, which was a unique case in Portugal, attracted 
another assistant of the University of Oporto, Carlos Braga, who did his PhD at 
the Centre. To follow the research program of the CSP it was necessary to analyze 
again the transmutation RaD → RaE, by the study of the spectrum of the internal 
conversion electron. 
This work was the continuation of Salgueiro’s work. To do it Carlos Braga built  
a new spectrograph – a magnetic spectrograph [Fig. 9] – and adapted old equip-
ment [Fig. 10]. It was the only one made at that time in Portugal. 

Fig. 8 3 Marieta’s thesis setting
(Photography of the Archives of the Museum of Science of University 
of Lisbon, 1940-47)
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The experiences that he carried out gave interesting results, published in 
Portugaliæ Physica27, and also reported by R. T. Beyer in the bibliography,  
of Foundations of Nuclear Physics. Another assistant, Glaphyra Vieira, used that 
setting to study the spectra of internal conversion of a source Ra D+E+F.
Some years later Carlos Braga writes, in Gazeta de Física,  about his staying at CSP 
and the work he developed in the Centre, as well as the scientific conditions created 
by Cyrillo Soares and their collaborators, Valadares, Marques da Silva and Gibert28. 
In addition to the building of instruments and the setting of devices, four doctoral 
theses were made and more than thirty papers were published. A part of the results 
were published in a journal founded by the CSP researchers, Portugaliæ Physica.

Fig. 9 3 Spectrographs for the experiments on Gama-
ray spectroscopy used at CSP
(Museum of Science of the University of Lisbon, 
Photography of the Archives of the Museum, 
1940-47)

Fig. 10 3 Carlos Braga thesis setting
(published in Gazeta de Física, 1950, II, 4, 
90-92: 91)
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The members of the Centre did not confine their activity to do research on ra-
dioactivity. Besides the apparatus they set up in the laboratory, the experiments 
they carried out, and the results they obtained, they achieved another very im-
portant activity at that time in Portugal: developing scientific publication. They 
founded two journals: 
1_ Portugaliæ Physica, a specialized periodic, which published a great number 
of the results obtained in the Centre, was founded by Cyrillo Soares in 1943. It 
was the only Iberian periodic in the area reported by R. T. Beyer in Foundations 
of Nuclear Physics. Its creation was also referred in Nature in July 194429.
2_ Gazeta de Física [Fig. 11], founded by Armando Gibert in 1946, was aimed 
at the general public and had the collaboration of a great part of the members 
of the Centre. It was one of the first publications in the world to provide the 
public an understanding of physics. 

Publishing 
scientific results and 
contributing to the 

public understanding 
of science 

Fig. 12 3 Cover of the Gazeta de Física dedicated 
to Prof. Cyrillo Soares, 1950, II, 90-92

Fig. 11 3 Cover of the first number of Gazeta de 
Física, 1946, I, cover
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During at least ten years, many articles concerning several aspects of the 
knowledge and research on radioactivity, in particular the settings and 
experiments performed in the Centre were published in Gazeta de Física30, as 
well as new results of research, concepts, history of physics, etc.. After the death 
of Cyrillo Soares, in 1950, several researchers who worked at CEF wrote about 
him and his scientific work in the Centre31,32,33,34  in Gazeta de Física [Fig. 12]. 
This journal stills exists, having become property of the Portuguese Society of 
Physics (SPF). 

Conclusion The Centre for Studies in Physics and the team of its researchers led by Cyrillo 
Soares, Manuel Valadares and their senior’s members, Marques da Silva and Ar-
mando Gibert, carried out a pioneering scientific work on experimental physics 
in Portugal. The Centre was a unique case in Portugal during the first half of 
the XX century by their achievements in the building of devices and preparation 
of instrumental settings in radioactivity and nuclear physics and by the results of 
their research.  This Centre is the only Portuguese one reported by the interna-
tional documents on history of physics in the thirties and forties. But this history 
did not continue for a long time. The activity of the Centre changed drastically,  
in 1947, by a politic event in the University: the removing of twenty one as-
sistants and professors of several Universities by Salazar’s government. Among 
them there were the senior’s members of the Centre: Valadares, Marques da 
Silva and Gibert. There was an event culminating a series of attacks against the 
University, which had begun in 1934. After that, the three scientists had to 
leave the teaching and the research at the University. The scientific production 
of the Centre decayed and never recovered.  
Valadares went to Paris where he lived and worked, doing research at CNRS.  
In the sixties he became the director of the Bellevue Laboratory. Gibert and 
Marques da Silva converted themselves to the private sector.
In the seventies one centre on Atomic Physics and another on Nuclear Physics 
were created in the Faculty of Sciences. These centres continued and diversified 
the activity of the Centre for Studies in Physics.
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