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ABSTRACT 

This is a slightly revised version of a talk delivered at the meeting of the American 
Association for the Advancement of Science, in Boston, on 14 February 1993, and at a 
CERN Colloquium, on 5 August 1993, entitled 'Science — yesterday, today and tomor
row'. It describes the tremendous growth of scientific knowledge and insights acquired 
since the beginning of this century. The changes in the character, sociology and support 
of science are discussed, including the growing predominance of American science and the 
recent trend away from basic science towards applied research. 
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INTRODUCTION 
My life as an active scientist started in 1928 when I went to Gôttingen as a graduate 

student for a Ph.D. degree under Max Born. I witnessed the tremendous developments 
that took place in the sixty-six years of my scientific life. Science has changed its character 
in many respects, but some of the fundamental attitudes towards the exploration of Nature 
have remained the same. Having been a physicist, I report mainly about the developments 
in physics and astronomy, with which I am best acquainted. What happened in other 
natural sciences will be mentioned in a more cursory way. 

Three periods of the development of science can be distinguished in our century: 
• Period I from 1900 to World War II; 
• Period II from 1946 to about 1970; 
• Period III from 1970 to the end of the century. 
Divisions of this kind are always somewhat arbitrary since changes are more or less con
tinuous. But there is no question that there were three points in time when great changes 
in the character of science took place: at the beginning of this century, at the time of the 
second World War, and during the last two or three decades. 

PERIOD I (1900-1945) 
The decisive events of the first period have been the conception of the Theory of 

Relativity and that of Quantum Mechanics. Rarely in the history of science have two 
complexes of ideas so fundamentally influenced natural science in general. 

There are important differences between the two achievements. Relativity theory 
should be regarded as the crowning of classical physics of the eighteenth and nineteenth 
centuries. The special theory of relativity brought about a unification of mechanics and 
electromagnetism. These two fields were inconsistent with each other, when dealing with 
fast-moving electrically charged objects. Of course, relativity created new notions, such 
as the relativity of simultaneity, the famous mass-energy relation, the idea that gravity 
can be described as a curvature of space. But, altogether, the theory of relativity uses the 
concepts of classical physics, such as position, velocity, energy, momentum, etc. Therefore 
it must be regarded as a conservative theory, establishing a logically coherent system 
within the edifice of classical physics. 

Quantum mechanics was truly revolutionary. It is based on the recognition that 
the classical concepts do not fit the atomic and molecular world: a new way to deal 
with that world was created. Limits were set to the applicability of classical concepts by 
Heisenberg's uncertainty relations. They say 'down to here and no further can you apply 
classical concepts'. This is why it would have been better to call them 'Limiting Relations'. 
It would also have been advantageous to call relativity theory 'Absolute Theory', since it 
describes the laws of Nature independently of the systems of reference. Much philosophical 
abuse would have been avoided. 

It took a quarter of a century to develop non-relativistic Quantum Mechanics. 
Once conceived, an explosive development occurred. Within a few years most atomic and 
molecular phenomena could be understood, at least in principle. It is appropriate to quote 
a slightly altered version of a statement by Churchill praising the Royal Air Force: 'Never 
have so jew done so much in so short a time'. 

A few years later, the combination of relativity and quantum mechanics yielded new 
unexpected results. P.A.M. Dirac conceived his relativistic wave equation which contained 
the electron spin and the fine structure of spectral lines as a natural consequence. The 
application of quantum mechanics to the electromagnetic field gave rise to Quantum 
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Electrodynamics with quite a number of surprising consequences, some of them positive, 
others negative. 

The positive ones included Dirac's prediction of the existence of an antiparticle 
to the electron, the positron, which was found afterwards in 1932 by C D . Anderson 
and S.H. Nedermeyer. Most surprising were the predictions of the creation of particle-
antiparticle pairs by radiation or other forms of energy and the annihilation of such pairs 
with the emission of light or other energy carriers. Another prediction was the existence 
of an electric polarization of the vacuum in strong fields. All these new processes were 
found experimentally later on. 

The negative ones are consequences of the infinite number of degrees of freedom in 
the radiation field. Inifinities appeared in the coupling of an electron with its field and 
in the vacuum polarization when the contribution of high-frequency fields is included. 
These infinities cast a shadow on quantum electrodynamics until 1946 when a way out 
was found by the so-called renomalization method. 

Parallel to the events in physics during Period I, chemistry, biology, and geology also 
developed at a rapid pace. The quantum mechanical explanation of the chemical bond gave 
rise to quantum chemistry that allowed a much deeper understanding of the structure and 
properties of molecules and of chemical reactions. Biochemistry became a growing branch 
of chemistry. Genetics was established as a branch of biology, recognizing the chromosomes 
as carriers of genes, the elements of inheritance. Proteins were identified as essential 
components of living systems. The knowledge of enzymes, hormones, and vitamins vastly 
increased during that period. Embryology began to investigate the early development 
of living systems: how the cellular environment regulates the genetic program. Darwin's 
idea of evolution was considered in greater detail, recognizing the lack of inheritance of 
acquired properties. A kind of revolution was also started in geology by A. Wegener's 
concept of plate tectonics and continental drift. W. Elsasser's suggestion of eddy currents 
in the liquid-iron core of the Earth as the source of the Earth's magnetism was published 
at the end of Period I, and led to the solution of a hitherto unexplained phenomenon. 

The year 1932 was a miracle year in physics. The neutron was discovered by 
J. Chadwick, the positron was found by Anderson and Neddermeyer, a theory of ra
dioactive decay was formulated by E. Fermi in analogy with quantum electrodynamics, 
and heavy water was discovered by H. Urey. The discovery of the neutron initiated nu
clear physics; the atomic nucleus was regarded as a system of strongly interacting protons 
and neutrons. This interaction is a consequence of a new kind of force, the 'nuclear force', 
besides the electromagnetic and gravity forces, and the 'weak force' that Fermi introduced 
in his theory of radioactivity. Nuclear physics in the 1930's was a repeat performance of 
atomic quantum mechanics albeit on a much higher energy level, about a million times 
the energies in atoms, and based on a different interaction. It led to an understanding 
of the principles of nuclear spectroscopy and of nuclear reactions. Artificial radioactivity, 
and later nuclear fission and fusion were discovered with fateful consequences of their 
military applications. One of the most important insights of nuclear physics in Period I 
was the explanation of the sources of solar and stellar energy by fusion reactions in the 
interior of stars. 

2 



Character and sociology of science in Period I 
I will concentrate on the situation in physics, with which I am mostly acquainted. 

What is most striking was the small number of experimental and theoretical physicists 
who dealt with the new developments. The yearly Copenhagen Conferences, devoted to 
the latest progress in quantum mechanics and relativity, were attended by not more than 
fifty or sixty people. There was no division into specialities. Atomic and molecular physics, 
nuclear physics, condensed matter, astronomy, and cosmology were discussed and followed 
up by all participants. In general, everybody present was interested in all subjects and their 
problems. Quantum mechanics was regarded as an esoteric field; practical applications 
were barely mentioned. 

The new physics was dealt with at relatively few places. The list of places reveals a 
dominance of Europe and in particular of Germany. American physicists who wanted to 
play a leading role in the States were bound to study for a few years in Europe. All this 
changed rapidly in the early thirties when physics in the USA developed suddenly from 
being derivative or 'provincial' to becoming central and leading. It was not so provin
cial in experimental physics considering the decisive experiments of C.J. Davisson and 
L.H. Germer in 1927 about the wave nature of electrons, and of A.H. Compton in 1923 
about the scattering of light by electrons, directly establishing the existence of photons. 

The change from being provincial to becoming central was brought about by an 
internal reorientation of American science spurred by leading American personalities such 
as G. Breit, E.U. Condon, E.C. Kemble, R.A. Millikan, J.R. Oppenheimer, I.I. Rabi, 
J. Slater, H.J. Van Vleck and others. Most of these people received some of their education 
in Europe. The new orientation was helped but not primarily caused by the immigration 
of prominent German and Austrian physicist-refugees from Hitler. What also helped was 
the end of German predominance because of the anti-intellectual attitude of the Hitler 
regime. 

Most characteristic of pre-World-War II science were small groups and low costs of 
research, primarily funded by universities or by foundations and rarely by government 
sources. Foundations had a great influence on science. Some of the impressive develop
ments of the thirties in biology can be traced to the decision of the Rockefeller Foundation 
under Warren Weaver to support biology more than other sciences. 

Idealism brought people to science. There were not many research jobs and academic 
positions available and they were not well paid. Anybody who started training for scientific 
research had to face the possibility of ending up as a science teacher in a high school which, 
after all, is also a challenging profession. The character of science in the first period can 
be summarized as a continuation of the intellectual and social tradition of the nineteenth 
century. 

PERIOD II (1946-1970) 
The time from 1946 to about 1970 was a most remarkable period for all sciences. 

The happenings of World War II had a great influence, especially on physics. Physicists 
became successful engineers in some large military research and development enterprises, 
such as the Radiation Laboratory at MIT, the Manhattan Project, the design of the 
proximity fuse, to the astonishment of government officials. Scientists who previously were 
mainly interested in basic physics, conceived and constructed the nuclear bomb under 
the leadership of one of the most 'esoteric' personalities J.R. Oppenheimer, E. Fermi 
constructed the first nuclear pile, E. Wigner was instrumental in designing the reactors 
that produced plutonium, J. Schwinger developed a theory of waveguides, essential for 
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radar. It was more than that: some of these people were excellent organizers of large-
scale research and development projects having good relations with industry, such as the 
aforementioned military projects. 

When World War II was over, the public was under the impression that the physicists 
had won it. Of course, this was a vast exaggeration, but it is a fact that radar saved the 
United Kingdom and reduced the submarine threat to transatlantic convoys, and that the 
atomic bomb led to an immediate end of the war with Japn. Physics and science in general 
earned a high reputation. This led to higher salaries and to generous financial support 
from government sources such as the Office of Naval Research (ONR), the creation of 
the National Science Foundation (NSF) with the purpose of supporting basic research, 
the National Institutes of Health (NIH) supporting biology and medical research, and 
the Atomic Energy Commission (AEC) supporting basic research in nuclear and particle 
physics. The rationale for the support of basic science by government sources, irrespective 
of military and other applications, was twofold. First, the war experience engendered a 
strong belief that any basic science research will lead to useful applications; second, the 
desire to keep scientists happy and numerous since they might be needed again. The lavish 
support, without any regard as to the type of research, lasted for about a decade after the 
war; later on government sources became increasingly interested in more specific research 
directed at military or commercial applications. Still basic science fared well until the 
seventies. 

The results of this support were truly amazing. The progress of natural science in 
the three decades after the war was outstanding. Science acquired a new face. It would 
be impossible in the frame of this essay to list all the significant advances. We must re
strict ourselves to an account of a few of the most striking ones without mentioning the 
names of the authors. The choice is arbitrary and influenced by my restricted knowledge. 
In quantum field theory: the invention of the renormalization method in order to avoid 
the infinities of field theory that made it possible to extend calculations to any desired 
degree of accuracy. In particle physics: the recognition of the quark structure of hadrons 
establishing order in their excited states, the existence of unstable heavy electrons and of 
several types of neutrinos (two were discovered in Period II, the third in the next period), 
the discovery of parity violation in weak interactions, and the unification of electromag
netic and weak forces as components of one common force field. In nuclear physics: the 
nuclear shell model, an extensive and detailed theory of nuclear reactions, and the discov
ery and analysis of rotational and collective states in nuclei. In atomic physics: the Lamb 
shift, a tiny displacment of spectral lines which could be explained by the new quantum 
electrodynamics, the maser and the laser with its vast applications, optical pumping, and 
non-linear optics. In condensed matter physics: the development of semiconductors and 
transistors, the explanation of superconductivity, surface properties, and new insights into 
phase transitions and the study of disordered systems. In astronomy and cosmology: the 
Big Bang and its consequences for the first three minutes of the Universe, the galaxy 
clusters and the 3° radiation as the optical reverberation of the Big Bang, and the dis
covery of quasars and pulsars. In chemistry: the synthesis of complex organic molecules, 
the determination of the structure of very large molecules with physical methods such as 
X-ray spectroscopy and nuclear magnetic resonance, the study of reaction mechanisms 
using molecular beams and lasers. In biology: the emergence of molecular biology as a 
fusion of genetics and biochemistry, the identification of DNA as carrier of genetic in
formation followed by the discovery of its double helical structure, the decipherment of 
the genetic code, the process of protein synthesis, the detailed structure of a cell with 
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its cellular organelles, the study of sensory physiology investigating orientation of homing 
birds and fish. In geology: the development and refinement of plate tectonics using newly 
available precision instruments, and the discovery of ocean floor spreading by means of 
sonar and other electronic devices. 

Many of the new results and discoveries were based upon the instrumental ad
vances in the field of electronics and nuclear physics due to war research. One of the most 
important new tools decisive for all sciences was the computer. The development and 
improvements of this tool are perhaps the fastest that ever happened in technology. It 
brought about new methods of evaluation of experimental data, new ways to model and 
simulate natural processes. To quote a remark of S. Schweber: 'There are now three types 
of scientists: experimental, theoretical and computationaV 

In spite of the tremendous boost that all sciences owe to computers, there are dan
gers connected with the use of them. If the computer is used to determine the consequences 
of a theory, then who has understood it, the computer or the scientist? The computer 
sometimes replaces thinking and understanding. The same danger occurs in the overuse 
of computers in science education. 

Character and sociology of science in Period II 
A striking fact of the first two decades of Period II is the preponderance, almost 

monopoly, of the USA in natural science. Most of the amazing advances in science dur
ing the period 1946-1960 were made in the USA. Obviously, the leading cause was the 
condition of the other countries after the ravages of the war. Europe and East Asia had 
to be rebuilt. All the more we must admire certain pioneering efforts carried out mainly 
in England, Italy, and France, such as cosmic-ray research in England under Powell and 
in France under Leprince-Ringuet, and the important Italian meson absorption experi
ments by Conversi, Pancini and Piccioni. The situation was the opposite of that in the 
1920's. European and East Asian scientists had to spend some time in the USA in order 
to play a role at home. Europe was 'provincial' and the USA was 'central' in science. 
After the 1960's, European and Japanese science became more independent, and could 
compete with the USA. A number of European international organizations were created, 
such as CERN in particle physics, EMBO in biology, and ESO in Astronomy. A standard 
of research was developing in Europe and Japan which was equal and even superior to 
the USA in some fields. 

Important changes in the social structure of science took place, especially in particle 
physics, nuclear physics, and astronomy. The rapid developments in these fields required 
larger and more complex accelerators, rockets and satellites in space, sophisticated detec
tors, and more complex computers. The government funding was ample enough to provide 
the means for such instruments. The size and complexity of the new facilities required 
large teams of scientists, engineers, and technicians, to exploit them. Teams of up to sixty 
members were organized, especially in particle physics. (In Period III the sizes of teams 
reached several hundred.) Other branches of science, such as atomic and condensed matter 
physics, chemistry and biology, did not need such large groups; these fields could continue 
their research more or less in the old-fashioned way in small groups at a table top with 
a few exceptions, for example, in the biomedical field, where larger teams are sometimes 
necessary. 

The large teams brought about a new sociology. A team leader was needed who 
had the responsibility not only for intellectual leadership, but also for the organization 
of subgroups with specific tasks, and for financial support. A new type of personality 
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appeared in the scientific community with character traits quite different from the scien
tific leaders of the past. The participation in these large teams of many young people, 
graduate students and post-graduates, creates certain problems. It is hard for them to 
get recognition for their work, since their contributions get lost in the overall effort of the 
team. In order to attract young researchers to join big teams, the subgroups must have 
some independent initiative for well-defined tasks, so that the performers of these tasks 
can claim credit for their work. 

The development of huge research enterprises caused a split in the character of 
science into 'small' science and 'big' science. Small science consists of all those fields that 
can be studied with small groups at relatively small cost, whereas big science is found in 
particle physics, in some parts of nuclear physics and astronomy, in space exploration, and 
in plasma physics. There is also big science in condensed matter physics and in biology: 
the use of synchrotron radiation in the former and the human genome project in the 
latter. Big science needs large financial support, so that the question of justification plays 
a decisive role. 

This has led to another kind of split, related to the applicability of a branch of 
science in industry, in medical practice, and also in being useful for other sciences by 
providing tools and insights. Thus, we may distinguish 'applicable' and 'non-applicable' 
science. Both of these terms must be qualified. We understand by 'applicable' science, 
research for which applications are obvious or easily foreseen; 'non-applicable' is meant 
to indicate that no or only very few applications are visible today. The philosophical and 
intellectual significance is not counted as an 'application'. One can never exclude that 
some present or future discoveries may lead to applications after several years or decades 
of further developments. This is why we will use the term 'presently non-applicable'. 

Applicable science includes parts of nuclear physics dealing with reactors and radio
activity, atomic and molecular physics, certainly condensed matter physics, plasma physics, 
chemistry, the earth sciences, and, of course, biology with its vast applications in medicine, 
agriculture and food production. Particle physics, some parts of nuclear physics, astron
omy and cosmology are examples of presently non-applicable sciences1^. They are charac
terized by what may be called a 'leap into the cosmos'. Let us call these topics 'cosmic 
sciences' whereas the obviously applicable fields may be referred to as 'terrestrial sciences'. 
The processes studied in the cosmic sciences are too far away in time and space to be 
of immediate interest under terrestrial conditons, such as the Big Bang and its conse
quences, or the discovery of mesons, quarks, and heavy electrons. Unquestionably, it is a 
great achievement to be able to study the formation of galaxies in the Universe, or what 
goes on in the interior of stars and, in particular, to be able to create conditions at the 
targets of our accelerators that existed fractions of seconds after the Big Bang. Naturally 
this kind of research is expensive. It is hard to establish cosmic conditions on Earth. But 
these phenomena are in many ways detached from human environments, and decoupled 
from other sciences2^ 

The division into applicable and presently non-applicable fields is not as sharp as 
indicated here. Even particle physics has led to applications; it almost did a few decades 

^ It should be emphasized that an 'application' means 'a tangible application'. The philosophical and 
intellectual 'applications' of cosmic sciences might be considered as more important than the tangible 
applications (see pp. 8, 9). 

2) The point of view expressed here is different from the one I expressed twenty years ago in an article 
'The significance of science', Science 176, 138 (1972). At that time I was more optimistic as to possible 
future applications of particle physics and astronomy. 
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ago when L. Alvarez suggested that hydrogen molecules made of protons and muons could 
perhaps initiate fusion processes, but it turned out to be impossible. Most of the appli
cable items come from what is sometimes called 'spin-off'. Techniques used to satisfy the 
unusually severe demands of accuracy and reliability do have some use in other fields. 
In particular, the ultra-sensitive and discriminating detectors that had to be developed 
in high-energy physics turned out to be most useful in medicine, biology, and material 
science. G. Charpak was awarded the Nobel prize for this. Furthermore, some of the intri
cate mathematical developments in quantum field theory have been successfully applied 
to problems of condensed matter physics. There are good reasons to expect more of such 
spin-offs in the future. 

The present non-applicability of cosmic science is connected with an interesting 
phenomenon that occurred in the physical sciences, a hierarchy of different subjects that 
have become to an increasing extent decoupled from each other. We distinguish particle 
physics on the 'highest' level (no value judgment intended), nuclear physics, atomic and 
molecular physics, condensed matter, etc., being consecutive lower levels. Each level has 
its own laws and concepts based upon the interaction of quasi-elementary units that are 
composed of more elementary units of a higher level, but remain fixed in their ground 
states under the weaker energy exchanges characteristic of the lower levels. Thus, the 
internal composition of those units is not important for these levels. There are 'effective' 
theories describing the conditions at each level that disregard the internal structure of 
the units. For example, certain parts of nuclear physics deal with protons and neutrons 
as quasi-elementary particles, whose quark structure is irrelevant; atomic and molecular 
physics deals with interacting electrons and atoms and nuclei, the inner structure of 
the nuclei being insignificant. Certainly the quark structure of nucléons is irrelevant for 
biology, which has its own concepts, laws, and relations. In every step from a higher 
to a lower level, complexity increases; new laws and regularities appear that are not 
in contradition with the more 'basic' laws at higher levels, but they emerge from the 
complex interactions of the relevant units without being directly derivable from the laws 
at a high level. When the Universe cooled down and expanded, it seemingly went through 
stages from the highest levels up to lower ones, creating at each step new diversity and 
complexity, until it reached life on Earth and perhaps on other planets. 

The existence of more or less decoupled levels of physics had an undesirable effect: 
over-specialization. The scientists working in one level do not know much of what is going 
on in other levels because they mostly do not need that knowledge for their research. 
Furthermore, the pressure of competition and the need to follow the ever-increasing lit
erature in their own fields does not give them time to be interested in other levels. 

PERIOD III (1970-present) 
The changes in the character and sociology of science during the last decades 

This period covers the time from about 1970 to the present and perhaps to the 
near future. The amazing scientific developments of Period II continued during the third 
period, yielding many important results, such as the development of Quantum Chromo-
dynamics. It introduces a new type of field between quarks that keeps them together, 
whose quanta are the gluons; the discovery of the so-called 3/ip particle which consists of 
a charm quark and its antiparticle; the inclusion of the quark structure of nucléons ex
plaining some detailed nuclear properties; experiments with heavy-ion collisions to study 
highly excited states of nuclear matter; the nuclear magnetic resonance with its numerous 
applications in medicine and material science; 'single atom' physics, where experiments 
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with one atom could be performed; the chemistry of 'Bucky balls' that are compounds of 
many carbon atoms, and the investigations of atomic clusters, units that are intermedi
ates between molecules and solids; much progress was achieved in developmental biology 
studying how the activities of a gene are regulated, restricted or enhanced, whatever serves 
the functioning or the growth of an organism. 

However, the vigour of basic science diminished because of a number of circum
stances. It is the main topic of this section. Serious questions arose in this period in the 
lay public, in congress and government agencies, and also within the scientific community. 
Why should presently non-applicable basic science be supported when some of it requires 
extraordinary high costs? This question was bound to arise at a time of dwindling finan
cial resources. The economic downturn in the USA and Western Europe began around 
1970. 

Also in the last two decades, a growing awareness arose of environmental problems 
such as: the possible global warming by the greenhouse effect; the reduction of the ozone 
layer protecting us against ultraviolet radiation; the deforestation, intended for commer
cial interests and for increase of arable areas, unintended by a polluted atmosphere; the 
deterioration of soil, water and oceans; and finally the population explosion in the de
veloping countries. All these problems need further scientific and technical exploration. 
Is the greenhouse effect really going to raise the temperature and by how much? How 
dangerous are toxic substances? Why did the ozone layer diminish so fast? What are the 
reasons for the deterioration of soil and water? New ways to produce non-polluting power 
sources should be found, new methods of birth control should be discovered. For all this 
and similar problems, scientific input will be necessary. 

This is why applied science received increased financial support from government 
agencies and from foundations. In addition, young scientists are more attracted than be
fore by societal tasks; some of them are eager to contribute to improving the situation. 
We observe also a change of the aims of applied science; it is less directed towards inno
vation for business, industry and the military, but more towards research concerning the 
environment. 

Evidently the environmental problems cannot be dealt with solely by natural sci
ence: physics, chemistry, and biology. There are also economic, social, political, and psy
chological aspects that are perhaps even more important as far as the realization of pro
posed measures is concerned. In the developed world, economic difficulties will arise. The 
developing world will refuse to fight pollution of its own industrial development by cor
rectly blaming the industrial nations for producing by far the largest part of pollution. 
This is not an excuse: it also produces pollution of its own ... In fact, developed countries 
have a deeper sense of environmental protection than developing countries. It is essentially 
a matter of education. 

These circumstances require interdepartmental collaboration between natural sci
entists and social scientists of all sorts. Such collaborations already exist today at several 
places and, hopefully, there will be more in the future. It bring natural scientists increas
ingly in touch with economic and political problems, not to get more financial support 
but to work for the common good. All this is very desirable but there is no denying that 
it is detrimental to presently non-applicable basic science. 

What are the reasons to keep on with basic science, even if it is presently not 
applicable? It is necessary today to be aware of these reasons in order to prevent an 
inordinate cut in political and financial support. There are cultural and intellectual values. 
Basic science embodies a spirit of inquiry and discovery for its own sake. It is a search 
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for the 'why and how' in Nature. It tries to answer unsolved questions. It finds new 
behaviour patterns of Nature. It is necessary to cultivate that spirit because it also serves 
as inspiration to applied science. Here is an instructive quote by M. Polanyi3^. 

' The scientific method (meaning basic science) was devised precisely for the 
purpose of elucidating the nature of things under more carefully controlled 
conditions and by more rigorous criteria than are present in situations cre
ated by practical problems. These conditions and criteria can be discovered 
only by taking a purely scientific interest in the matter which again ex
ists only in the minds educated in the appreciation of scientific value. Such 
sensibility cannot be switched on at will for purposes alien to its inherent 
passion.' 

Basic and applied science are interwoven; they are like a tree whose roots correspond to 
basic science. If the roots are cut, the tree will degenerate. 

Another intellectual value is the role that basic science plays in the education of 
young scientists. It fosters a kind of attitude that will be most productive in whatever 
work the students will finally end up with. Experience has shown that training in basic 
science often produces the best candidates for applied work. Basic science also has ethical 
values. It fosters a critical spirit, a readiness to admit 'I was wrong', an antidogma attitude 
that considers all scientific results as tentative, open for improvements or even negation 
by future developments. It also engenders a closer familiarity with Nature and a deeper 
understanding of our position and role in the world nearby and far away. Basic science 
provides political values: it is (or should be) a supranational collective enterprise that 
brings people together across national, racial, and ideological boundaries. The aim of 
competition should be the quality of work and not national pre-eminence. 

Unfortunately, a few cases of scientific fraud have lately received a lot of publicity. 
It led to doubts as to the high ethical standards of science. Actually, it is astonishing 
how rarely cheating or intended false claims occur in science, compared to other human 
activities. Any important scientific result is or will be checked by other groups working in 
similar fields. It is dangerous to risk one's reputation by false claims. Of course, unintended 
wrong results are frequently published but they are soon eliminated by further research. 

The value of basic science has lost its attraction during the last decades. Since the 
seventies, support for basic research has strongly decreased here and abroad; it can no 
longer be pursued as effectively as in the decades before. Typical examples from the USA: 
the National Science Foundation, which was founded for the support of basic science, is 
switching over to supporting applied research. The same shift occurred in the National 
Institutes of Health. Similar tendencies could be noted in Europe. The 'traditional' basic 
sciences, such as particle physics, basic nuclear physics, and astronomy are suffering more 
than biology and some new basic fields, such as research in chaos, in complexity and 
also in neuroscience, because the latter fields are more applicable than the traditional 
ones. Strangely enough, astronomy and cosmology suffer less than particle and nuclear 
physics; there is an innate interest of the public for these sciences because they deal with 
questions near to religious concerns, such as the whence and whither of the Universe. 
Particle physics tries to hang onto the coat tails of cosmology to get more support since 
its results are needed to get some insights into the first three minutes. 

3 ) M. Polanyi, Personal Knowledge (University of Chicago Press, Chicago, 1958), p. 182. 
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There are many good reasons for the support of a presently non-applicable basic 
science, but the question remains: how much should be spent for the support? Should it 
be supported on the level of the heyday between 1946 and 1970? Certainly, that degree 
of support produced an enormous harvest of applicable and non-applicable insights. Do 
we need so many results in such a short time? What is the right amount of support and 
what is too little? These questions are very hard to answer. It is questionable whether the 
lavish support given in the post-war decades needs to be maintained to obtain benefits 
from basic science. On the other hand, the support must not be reduced to an extent 
that would make certain promising fields of basic science wither away and prevent young 
people from entering them. 

A typical case of that kind is the present status of particle physics in the USA, 
because of the difficulties of continuing the construction of the giant accelerator in Texas, 
called the Superconducting Super Collider (SSC). It is a vast project at a cost of 12 billion 
US dollars. Europe faces a similar situation with its somewhat more modest plan for 
a proton collider. If these projects are given up or considerably slowed down, particle 
physics would definitely be in danger of losing the critical number of people working in 
this field. Unfortunately, much too little effort was spent on planning an international 
machine to which all interested parties would contribute. Nationalism and regionalism 
have brought particle physics into the awkward situation that Europe and the USA have 
made independent plans to build similar giant machines. The result may be no new 
machines at all. Science policy is a difficult subject when financial means are on the 
decline. 

The scientific community must also be blamed for the growing abandonment of 
the spirit of basic science. There are symptoms of nationalism, as in the too often used 
argument that we must remain top nation in a given field. Furthermore, over-specialization 
has a negative influence on the spirit of science. I.I. Rabi4^ expressed it succinctly: 

1 Science itself is badly in need of integration and unification. The tendency 
is more the other way ... Only the graduate student, poor beast of burden that 
he is, can be expected to know a little of each. As the number of physicists 
increases, each speciality becomes more self-sustaining and self-contained. 
Such Balkanization carries physics, and, indeed, every science further away 
from natural philosophy, which intellectually is the meaning and goal of 
science.' 

Much too little effort is devoted by scientists to explaining simply and impressively 
the beauty, depth, and significance of basic science, not only its newest achievements, but 
also the great insights of the past. This should be done in books, magazine articles, tele
vision programmes, and in school eduation. The view should be counteracted that science 
is materialistic and destroys ethical value systems, such as religion. On the contrary, the 
ethical values of science should be emphasized. Finally, it would help to point out the 
positive achievements of applied science, the contribution to a higher standard of living, 
and the necessity of more science to solve environmental problems. 

It looks as if we are facing a more pragmatic era, concentrating on applied science. 
Perhaps the end is nearing of the era of one hundred years full of basic discoveries and 
insights under the impact of the Theory of Relativity and that of Quantum Mechanics. 
Even so, we will always need basic research based on the urge to understand more about 

4> I.I. Rabi, Science, The Center of Culture (The World Publishing Company, New York, 1971), p. 92. 
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Nature and ourselves. Let me quote a slightly altered paragraph from my own writings": 

'All parts and all aspects of science belong together. Science cannot develop 
unless it is pursued for the sake of pure knowledge and insight. It will not 
survive unless it is used intensely and wisely for the betterment of human
ity and not as an instrument of domination by one group over another. 
Human existence depends upon compassion and knowledge. Knowledge with
out compassion is inhuman; compassion without knowledge is ineffective.' 

5> V.F. Weisskopf, Science 176, 138 (1972). 
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