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FOREWORD

The ICTP Physics and Development Programme resulted from the
recognition that the scientific, technical, economic and social progress of
the developing nations are strongly interrelated and from the recognition
that physical and mathematical sciences play an exceedingly important
role in providing satisfactory solutions to problems of development in
general.

Within the framewerk of this pregramme, rencwned experts are
usually invited to give lectures on science and technology, economics and
planning, with particular reference to the needs of developing countries.
The purpose is to improve the awareness of scientists visiting the Centre,
of the current technical, economic and social aspects of development,
thereby assisting them in belter utilizing their talent in the development
programme of their countries.

HR. Dalafi
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PHYSICS AND THE EXCELLENCES OF THE LIFE IT BRINGS

Abdus Salam

International Centre for Theoretical Physies, Trieste, Italy.

The title of my talk tonight is taken from Robert Oppenheimer. He had

three types of excellences in wmind. First, for the theoretician, the

excellence of new ideas while he attempts to read Allah’s design; for the

experimenter, the excellence of new discoveries, of the pleasure of the

seacch, of sheerly caccying an experimental technique to its limits and

beyond; and finally, of the desire to spite the theorist. Oppenheimer had

these excellences in mind - but also much more; he emphasised the opportunity

Physics afforded to come to know internationally a class of great human

beings whom one respected not only for their intellectual eminence but also
for their personal human qualities - a true reflection of their greatness in
Physics. And, in addition, he had in mind the opportunities which Physics
uniquely affords for involvement with mankind - in the parlance of today, in
engaging in problems of development and of enhancing the human ideal.

Tonight I wish to speak on some aspects of Oppenheimer's thoughts from a
personal point of view., T shall illustrate these by recalling my induction
into research, on renormalization of meson theories, and the axcellent men I
was privileged to meet whila pursuing it. T alse wish to speak, as Max
bresden wanted me to, on excellence through world development. Max Dresden
wanted me to speak on the International Centre for Theoretical Physzics, whose
creation, under the auspices of the United Nations, I was privileged to
suggest in September 1960. The Centre came into being only in October 1964 -
beyond the cut—off date of this Conference's coverage. However, the ideas

that went into the Centre's creation and the political battles that had to
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be won, as wel! as the Physics milieu of the early sixties - with its desire

to keep alive the internationalism of the subject, with its emphasiz on

Science rather than technology, and with its perception of brain drain of high

level talent, particularly to the US - do fall within the period covered.

The notion of a Centre that should cater particularly to the needs of

physicists from developing countries had lived with me from 1954, when I was

forced to leave my own country because I realised that if I stayed there much

longer, I would have to leave Physics, through sheer isclation. At the

September 1960 Rochester Conference, in his banquet speech, Mr. John McCone,

the then Chairman of the US Atomic Energy Commission, made a reference to the

desirability of creating international centres in Physics. He had principally

in mind accelerator establishments, which might be created under joint

US/USSR/Burcpean auspices. After the banquet, over coffee, I remember a

conversation with Hans Bethe, Robert Sachs and Micholas Kemmer in the

begutiful hall of the women's residence at Rochester University. We discussed

the practical possibility of such centres being created and came to the

conclusion that the simplest would be to think in terms of an intermational

theoretical centre.

The same month I had the privilege of being able to voice, on behalf of

the Government of Pakistan, this visionary ideal, in the form of a resalution

at the annual conference of the International Atomic Energy Agency (TAEA) at

Vienna. We were fortunate to receive co-sponsorship of the resolution from

the governments of Afghanistan, the Federal Republic of Germany, Iran, TIraq,

Japan, Philippines, Portugal, Thailand, and Turkey. As the list of SpONSOrs

indicates, the setting up of such a centre was of interest nat only to the

less privileged countries but also to some of the developed ones. The hope

was that a centre of this type, besides providing a venue for collaborative

international research for the East and the West, might also help in resolving

one of the most frustrating problems that active scientists in poarer

countries face - the problem of isolation. Such men, supported by



international funds, would come fairly Erequently to the Centre to renew their
contacts and engage in active research in their fields.

Right from the beginning we received enthusiastic support from the world
physics community. Niels Bohr, before his death, expressed his wholehearted
support; scientific panels, convened in 1961 and again in 1963 by the Agency's
physicist Director General, Dr. Sigvard Eklund, forcefully recommended its
creation. Members of the 1961 panel were Aage Bohr, Paolo Budinich, Bernard
Feld, Leopold Infeld, Maurice Levy, Walter Thirring; of the 1963 "Three Wise
Men Panel™, the members were Robert Marshak, Leon Van Hove and Jayme Tiomno.

Unfortunately, there was not the same unanimous response Erom the atomic
energy commissions around the world. At the 1962 annual conference of the
TAEA (where these commissions represent their governments), even though the
creation of a centre was accepted ?n principle after a divided vote - by and
large the industrialised countries voted against, and the developing, for the

Centre - the TAEA's Board of Governors voted the princely sum of $55.000 to
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sat up an International Centre for Theoretical Physics. The United WNations
Educational and Scientific Organization (UNESCO) voted $27.000. Thus,
additional offers of Ffinancial assistance from interested member states had to
be solicited; of the five received (from the Govermment of Italy for a centre
to be located in Trieste, from Austria for Vienna, from Denmark for
Copenhagen, from Pakistan for Lahore, and from Turkey for Ankara), the most
generous was the Ttalian Government's offer of around $300.000 plus a
prestigious building, with Paoloe Budinich, Professor of Physics at the
University of Trieste, as the moving spirit behind it. This was accepted in
June 1963 and the Centre started functioning on 1 October 1964, with a chartec
for four years. Oppenheimer served on the first Scientific Council of the
Centre. In spite of his terminal illness, he came to Trieste, where he helped
draft the Centre's Charter. One admired him and his felicity of phrase - aven
in such legal drafting. Other memb;rs of the first Scientific Council were:

Aage Bohr, A, Matveyev, v.G. Soloviev, Sandoval Vallarta and Victor
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Weisskopf. Dr. Alexander Sanielevici, from Romania, was one of the Scientific

Secretaries.

Of the Centre and its Ffunctioning, T shall speak little tonight, for

surely this will be one of the subjects covered by the future conferences in

this series. 1In 1964, when we assembled in Trieste in a rented building, the

whole enterprise seemed like a dream. Once again the world's theoretical

community rallied around us - Plasma Physicists as well as Particle

Physicists. We cared not for frills, only for Physics. Our goal was to

acquire scientific wvisibility. In this we succeeded. Thus, one year after

the Centre's inception, Oppenheimer could comment at the Centre's Council: "It

seems to me that the Centre has been successful in these eight or nine months

of operation in three important ways. Tt has cultivated and produced

admirable theoretical physics, making it one of the great Ffoci for the

development of fundamental understanding of the natucre of matter. The Centre

has obviously encouraged, stimulated and helped talented wisitors from

developing countries whe, after rather long peclods of silence, have begun to

write and publish during their visit to the Centre in Trieste. This is true

of physicists whom T know from Latin America, from the Middle East, from

Eastern Europe and from Asia, It is doubtless true of others. The Centre has

become a focus for the most fruitful and serious collaboration between experts

from the United States and those from the Soviet Union on the Ffundamental

problems of the instability of plasmag, and of means for controlling it.

Without the Centre in Trieste, it seems to me doubtful that this collabocation

would have been initiated or continued. In all the work at the Centre of

which I know, very high standards prevail. In less than a year it has become

one of the leading institutions in an important, dAifficult and fundamental

fleld"”.

To continue the story briefly, in the twenty years of its existence, the

Centre has Fflourished, with Physicists from 100 countries, East and West,

Horth and South, ranging over 1ll disciplines of Physics - from Ffundamental
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Physics to Physics on the interface of technolegy, environment, energy. the
living state and applicable mathematics. The Centre welcomes around 1.000
physicists From industrialised and 1.000 physicists from developing countries
every year for research courses, workshops and meetings and Ffor conducting
research, for periods ranging from a few months to a few years. In addition,
from a genarous grant from the Italian Government, we provide 100 fellowships
in experimental physics, tenable at Italian Laboratories. We are Cfederated
with approximately 100 institutes, mostly in developing countries. In
addition, our Scientific Council selects 200 physicists {whom we call
Asgociates of the Centre) - these men and women are accocded the privilege of
coming to the Centre three times in six years for periods up to thres months
par visit, at times of their own choosing, provided they are living and
working in developing countries. The Centre’s current budget is of the order
of 5 million dollacrs - three millions come from tha Government of Italy, one
from TAEA, half a million From UNESCO, and the cest from other Government
Agencies. The US Department .of Energy gives us a special grant of $50.000 for

US physicists.
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Although in the founding and running of the Centre we have depended on the
voluntear help of the world's leading physicists, it remains a sad fact that
the physics communities of the developed countries have, by and large,
rendered littla assistance in an organised form to the cause of physics in
developing countries, including the Centre. I wish to stress the word
organised, lest T should be failing te pay a heartfelt tribute to the
continued work of great individuals - men like Robert Marshak - who have made
real sacrifices in this cause.

There is no question but that the real amelicration of the worsening
situation for FPhysics Research in developing countries lies within the
countries themselves and the role of the Centre and any othaer outside agency
can only be to help generate self-reliant communities. But outside help -
pacticulariy if it is organised he-l.p ~ can meke a crucial difference. This
could take vacious forms: for example, the physical societies could help by
donating 200-300 copies of their joucrnais to the deserving institutions and

individusls and by waiving publication charges. The Amarican Physical Society
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in fact does provide its publications at half cost to 131 physicists from 13

least developed countries. TIUPAP has been helping the Centre defray postage

costs for distribution of old runs of journals donated by generous

individuals. These schemes should, however, be extended by other societies

and laboratories also to cover equipment, and in fact CERN has recently

signified its willingness to donate some of its used equipment to laboratories

in developing countries. Most important, the research laboratories and the

university departments in developed countries could finance visits of their

staffs to the institutions in developing countries in an organised manner and

reciprocally by creating schemes like the three month Associataship scheme we

run at the Centre - at the least for their ex-alumni now working at the

developing countcy Universities. Leon ULederman has initiated a scheme at

Fermilab whereby a number of Latin American ewperimental physicists ace

regularly brought over to train them in techniques of particle physics and

ancillary disciplines. And then there are the excellent cooperative schemes
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of training like the one which T.D. Lee runs for China. These could pechaps
be extended to other developing countries.

May I be forgiven for thinking in the following terms: that the physics
institutions in developed countries may consider contributing in their own
ways, according to the norms of the well-known United Nations formula, whereby
most developed countries have pledged to spend 1% of their (GNP) resources foc
world development. In the end, it is a moral issue whether the bettar-off
segments of the physics community are willing to look after their own
deserving but deprived colleagues, helping them not only materially to remain
good physicists, but slso joining them in their battle to obtain recognition
within their own communities, as valid professionals who are important to the
development of both their countries and of the world.

Sa much for the excellences of a life of Physics for realising the ideals
of development, Now, I would like to turn to the second aspect of
Oppenheimer’s thought; some of the excellent and humanly great physicists I

came to know internmationally in the early part of my research.
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During the period covered by this Conference (1950-1964), it appears to me
that there have been five major developments in Theery. First, the rise and
the Fall of Yukawa's standard model; of pions and nucleons. Connected with
this was the rise (and the later fall) of the S-matrix theory. The second
major development was the understanding of the role of Elavour symmetries, in
particular, of flavour SU(3). The third development concernaed the emergence
of c¢hirality; the Ffourth, the Wambu-Goldstone spontaneous symmetry breaking
phenomena; and the Eifth the Yang-Mills-Shaw gauge theory and its application
to electroweak unification.

I have told the story - at least of my humble part in it - in respect of
the last three developments - the rise of chiral symmetcy, of spontanecus
symmetcy breaking and of the electroweak unification - in the Stockholm
Laecture of 1979 - including the story of interactions with Pauli, Pelerls,
Ward, Weinberg, Glashow and others. I shall not repeat this, except to say

that I can take legitimate pride in that the Yang-¥ills theory and the
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flavour eightfold way were independently invented by two of my illustrious

pupils within the ethos of my research groups at Cambridge and London.

For tonight, T shall concentrate mainly on the story of the short-lived

rise of the pion-nucleon theory as the standard model of 1950-51, in

consequence of the proof that this was the only thecry which could be

renormalized then. The people concerned with my story were P.A.M. Dirae,

Nicholas XKemmer and Paul Matthews at Cambridge, besides Freeman, Dyson, who

was visiting Birmingham, and John Ward at Oxford.

The immediate post-war generation - our generation - was beought up to

believe implicitly in the Yukawa model of the nuclear forces. The only open

question at that time concerned the spin of the meson and the precise Eorm of

the nucleon-meson interaction. After Yukawa, Wicholas Kemmer - at lesst

outside Japan - had made the most crucial conteibutions towards defining this

problem. In a classic paper written at Imperial College, London, in 1938, he

_16_



had classified the Yukawa interactions accgrding to meson spins and
parities, and whether they were direct or derivative couplings. When I
started research in October 1949, Kemmer was at Cambridge. Surprising though
it may seem, T had started life as an experimental reseacch student in the
Cavendish, with a remit to scatter tritium against deuterium for Sam Devons,
now Professor at Columbia. My Ffinding myself as an experimenter was in
accordance with the holy Cambridge tradition - handed down from Ruthaerford's
days: those who fared well in the Physics Tripos became experimentalists;
those who got third classes were consigned to theocetical research. Scon
after starting, I knew the craft of axperimental physics was beyond me - it
was the sublime quality of patience particularly patience with the
recalcitrant equipment of the Cavendish - which [ sadly lacked. Reluctantly,
I turned my papers in, and started instead on quantum €field theory, with

Wicholas Kemmer, in the axciting department of P.A.M. Dirac.

-17~

T said I started on theory research, but it was not that easy. Those were

the great days of renormalization theory with the papers of Tomonaga,

Schwinger, Feynman and Dyson providing feverish excitement. At Cambridge,

Nicholas Kemmer was the only senior person interested in these developments.

He had behind him not only the kudos of having tabulated all possible meson

interactions, but also the reputation of being a prince among men - of

genecousness to a fault, to his students. So I went to Kemmer and cequested

him to accept me for research. He said he had eight research students already

and could not take any more. He suggested I go to Biermingham to work with

Peierls. But I could not bear to leave Cambridge - principally because of the

beauty of the rose gardens at the Backs of my College - St. John's.

{Incidentally, Dirac was at St. John's College alsa.) I asked Kemmer, "Would

you mind if T worked with you peripherally for the time being?” He graciously

assented. In my first interview with Kemmer, he said, "All theoretical

problems in Quantum Electrodynamics have already been solved by Schwinger,
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Feynman and Dyson. Paul Matthews has applied their methods to renormalize
meson theories. Ha is finishing his Ph.D. this year. Ask him if he has any
problem left.”

This was early 1950, So I went to Matthews and asked him what he was
working on and if he had any ccumbs left. The first piece of advice Matthews
gave me was to forget the papers of Schwinger and Feynman and to concentrate
on Dyson's two classic papers - particularly his most recent in 1949 where he
had shown that gquantum electrodynamics was renormalizable to all orders in A
He told me he had spent one and a half years already, trying to renormalize
meson theories. He had found that only spin zero may work. He was writing up
his one-loop calculations for his Ph.D. and had shown that the theory of spin
zero mesons was indeed renormalizable up to the second ocder.

Matthews had at that time already tabulated which theories may possibly be
renormalizable with the techniques then known. He had come to the conclusion

that no derivative coupling meson theory could be renormalized at all, and

-16-

that among the direct coupling theories with nucleons, the enly hopefuls were
aither spin-zero, or the neutral vector meson theories with conserved currents
for nucleons. ¥o charged vector theory (with massive mesons) could be
renormalizable. He had also shown that the neutral vector meson theory with
mass was a replica of electrodynamics and one could take over the work of
Dyson more or less intact and show its rencrmalizability. Regarding the
spin-zero theories, he had shown that one would, at the least, need an
additional)\ Cb‘ term where d} ig the meson fleld. The corresponding tarm
for electrodynamics (e‘ A‘) was gauge variant, as had been remarked on by
Dyson - with John Wacrd actually proving that the corresponding infinity did
not exist.

The ¢ 4 term for spin-zero mesons would however be a new fundamental
interaction term with a new fundamental constant )\ . A mnew fundamental
congstant appeared just too radical those days, and we agonised over this. But
the real question was: could one be sure that even with this new interaction

term, all the infinities could be assssimilated to a renormalization of the
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megon-nuclecon coupling constant, the new constant f;\ . the masses of the
mesons and the nucleons., plus a renormalization of their wave functions.
Matthews had worked with one-loop diagrams and shown that cenormalizability
appeared possible, He could net go beyond one-iocop because oveclapping
infinities started to come in For higher looﬁs and one had to solve this basic
problem, before progress could be made. This was the situation acound March
1950.

Matthews had his Ph.D, wiva shortly afterwards. His external examiner was
Dyson who was visiting Birmingham at that time. Dyson used to spend a few
months at Birmingham and the rest of year in the US. In the viva, Dyson had
asked Matthews about overlapping loop infinities. Dyson had asked him, "Have
you come across these infinities? And if so, how do you tresolve the problems
posed by these?” And Matthews had replied, "You have claimed in your paper on
Quantum Blectrodynamics (QED) that these infinities - which occur in the

self-energy graphs - can be properly taken care of. T am simply following

-21-

you”. No further question on these infinities was asked; both Dyson and
Matthews kept silent after this brief exchange.

Now overlapping infinities had indeed appeared in QED where a general
salf-energy graph can be viewed as an insertion of a modified vertex at either
end of the lowast order self-energy graph. Insertions of modifjed vertices at
both ends would be tantamount to double-counting. But Dyson, in his paper,
while discussing these, had recommended precisely this - that one should
substract the vertex-part sub-infinities twice before subtracting the final
overall self-energy infinity. Dyson must be right; but why? And what made
life awkward was that whereas this troublesome overlap occurred only for
self-energies in QED, for meson theories, the overlaps of thea infinities were
evarywhere,

With chacacteristic generosityrof which I became a life-long recipient,
Matthews said to me, "My viva is over. After my degree, I'm going off, to

take a few months holiday. And then I'll go to Princeton. You can have this
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problem of renormalizing meson theories till I get back to work in the Fall.

And if you don't solve it by then, I'll take it back".

That was the sort of gentleman's agreement we parted on. So T had to get

to the bottom of the overlapping infinity problem. T thought that the best

thing for me would be to ask Dyson's direct help. So T rang him. I said: "I

am a beginning research student; I would like to talk with you. I am trying

to renormalize meson theories, and there is this problem of overlapping

divergences which you have solved. Could you give me some time?" He said, "I

am safraid T am leaving tomorrow for the US. If you wish to talk, you must

come tonight to Birmingham™. S0 I travelled from Cambridge to Bicmingham that

evening. Dalitz and hig gracious wife put me up for the night.

¥ext motming, Dyson came to the Department - this was the first time I had

maet him. I said, "What is your solution to the overlapping infinity

problem?" Dyson sald, "But, I have no solution. I only made a conjecture™.

For a young student who had just started on research, this was a terrible

shock. Dyson was our hero. His papers were classics. For him to say that he
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had only made a conjecture made me feel that my support of certainty in the
subject was slipping away. But he was being characteristically modest about
his own work. He explained to me what the basis of his conjecture was. What
he told me was enough to build on and show that he was absolutely right. I
travelled with him to London that afterncon. He was due to catch his boat
from Southampten later that day. I think it was duclng that train journey, in
conversation with Dyson, that 1 appreciated for the first time how weak the
weak forces really were.

At Cambridge, amid the summer coses at the Backs of the Colleges, I went
back to the overlapping infinity problem, to keep the tryst with Matthew's
date-line. Using a generalisation of Dyson's remarks, T was able to show that
the spin-zero meson theories were indeed renormalizable to all ocders. At
that time transatlantic phone-calls for physics research had not been
invented. So I had a vigorous correspondence with Dyson, with the fullest

participation of Xemmer, my supervisor. Exciting days indaed!

_2[..



The subtraction procedure that I designed worked in momentum space. A

crucial element of the proof was to associate with a given graph a set of

integration variables in momentum spaca such that for the entire graph or for

any of the sub-graphs contained in it, every possible infinity could be

agsociated - on a one to one basis - with a single sub-integration. Assuming

that this was possible, the substraction procedure left behind an absolutely

convergent remainder - absolutely convergent in the wmathematical sense. To

prove thiz one to one relationship, one had to consider the topology of the

graphs. I could show, with Res Jost's help, that this result certainly holds

For the so-called renormalizable theories. I have always Felt very proud of

this particular part of the proof (Phys. Rev., B4, 426 (1951)), but to my

knowledge, the paper embodying this has never been referred to by anybody

ever. I can only assume that the result has been taken on trust and that no

one has ever re-checked it.

Contemporaneous with mine was the work of John Ward at Oxford, who devised
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a most ingenious scheme of regularization. This depended on differentiation

with respect to extermal momenta and this was the technique used later by

Gell-Mann and Low in their beautiful work on the renormalization group. Later

still, other regularization schemes were devised in X-space, notably by Hepp,

Speer, Bogoliubov and Parasiuk. My procedure, however, was a straightforward

subtraction in momentum space; the use of the technique I had devised would

make the final integrals absolutely convergent. And it would also permit a

count of the wave Ffunction cenormalization (Z) Ffactors correctly in all

conceivable situations. (P.T. Matthews and Abdus Salam, Phys. Rev. 94, 185

(1954)). Makthews and T wrote a brcief rceview of these developments for The

Reviews of Modern Physics of October 1951 in which we stated the following

criterion for acceptability of a proof in this subject: "The difficulty ... is

to find a notation which is both concise and intelligible to at least two

people, of whom one may be the author”. We left it unsaid that *"the other

person may be the co-author”.
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I c¢an here tell a story about this work being considered deep and believed
in, but seldom read. T was invited to the Institute for Advanced Study at
Princeton in January 1951. I had by then applied my technique to rencrmalize
spin-zero electrodynamics. I took a manuscript copy of the new paper to
Robert Oppenheimer to read and, if he approved, to send to the Physical
Review. I then realised that I had given him a copy with no diagrams in it.
So I went to his office to retrieve the manuscript. I had to wait for some
while because he had visitors, but then he came out of his inner office, saw
me and said, "I enjoyed reading your paper. It is a fine paper”. I should
have kept quiet but like a fool, I said, "I am sorry, I gave you a copy in
which there were no diagrams. I don't think you could have understoed it".
Oppenheimer visibly changed colour. But he only said, "The results are surely
true and also intelligible even with?uh diagrams™,

This proof of the renormalizability of spin-zero meson-nucleon dicect-

coupling theory had come at an opportune time. With the discovery by Cecil
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Powell of the pion and the subsequent determination of its spin as zero,
theory and experiment seemed to converge to a definitive standacd model of
nucleons and pseudo-scalar pions, with a direct Yukawa plus the Matthews
interaction. Our elatien, however, was short-lived. The Yukawa coupling
which nature sesmed to favour was not the direct renormalizable pseudo-scalar
coupling but the unrenormalizable pseudo-vector coupling. The two couplings
were, of course, equivalent in the lowest ocrder - but with the large coupling
parameter gi/i T =% 14 - was order by order perturbation of any practical
significance?

Then came the digcovery of the Iij (3/2, 3/2) resonance, plus the
discovery of the form Ffactor for the nucleon by Hofstatder. These coups de
grace finally killed the model. Influentlal in ouc thinking was also the
paper of Farml and Yang, which questioned heretically whether the plon was a

fundamental entity or merely a nucleon - anti-nucleon composite.
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For me personally, the disenchantment with the pion-nucleon theory had
started much earlier. One of the post-war texts on MHuclear Physics was L.
Rosenfeld’s, which I believe he wrote in a war-cellar during 1944-45 in
Belgium. Thiz was a 600-page book which then cost €6 - the equivalent of
something like $80 today. As a research student, T had invested in the book,
with great reluctance; it had burnt a hole in my meagre pocket. The book
consisted of the theory of the deutecon, a complete analysis of
mescn-theoretic nuclear Fforces, with Moller-Rosenfeld mixtuces and the like;
and a description of pion-nucleon scattering phase-shifts analyses below 1
Mev. Then Hans Bethe came to lecture at the Cavendish; ducring this lecture he
made the categorical statement that all known deuteron parameters as well as
any phase shift anslyses below 1 Mev, could determine no more than two
parameters of the nuclear potential; the scattering length and the effective
range. While Llistening to the lecture I kept thinking, "Surely this result

Bethe has announced makes a book like that of Rosenfeld irrelevant?” The
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thought crossed my mind that just after the lecture finishes, everyone who has

acquired a copy of the book will be trying to dispose of it. So, immediately

after Bethe finishad, T rushed to my lodgings at St. John's College, retrieved

my copy and made a sprint to the Heffers Bookshop from which I had purchased

the book. The sharks at Heffers offered me £3 to buy the book back even

though it was in a mint condition. T accepted, but of course now I feel very

sorry that I sold it, because the book contained marvellous tables on harmonic

functions.

I started my remarks with Dirac, who did not believe in the

renormalization ldeas which we wece pursuing in 1950-51. He listened to us,

but always maintained the hope for a finite theory. He has now recaently beaen

provad rcight by the rise of supersymmetry theories, some of which are

completely finite - among them the N=2 and N=4 supersymmetry theories. In

three decisive years, 1925, 1926 and 1927, with three papers, Dirac laid,

firstly, the Ffoundations of quantum physics as we know it; secondly, he laid

the foundation of quantum theory of fields; and
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thirdly, that of the theory of elementary particles, with his famous equation

of the electron. No man except Einstein has had such a decisive influence in

such a short time on the course of physics in this century. But additionally

for me, Dicac, whom I later came to know better, at the Trieste Centra,

represented the highest reaches of personal integrity of any human being I

have ever met. Knowing him has been one of the excellences of my life of

Physics,

T will conclude with a story of Dirac and Feynman that perhaps will convey

to you, in Feynman's words, what we all thought of Dirac. I was a witness of

it at the 1961 Solvay Conference. Those of you who have attended the old

Solvay Confecences will know that at least Lhen, one sat at long tables that

were arranged as if one was sitting to pray. Like a Quaker gathering, there

wag no fixed Agenda; the expectation - seldom belied - was that some one would

be meved to start off the discussion spontaneously.

At the 196)1 Conference, 1 was sitting at one of these long tablas next to

Dirac, waiting for the session to stact, when Feynman came and sat down
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opposite. Feynman extended his hand towards Dirac and said: "I am Feynman®".

It was clear from his tone that it was the first time they were meeting.

Dirac extended his hand and said: T am Dirac,” There was silence, which

from Feynman was rather temarkable. Then Feynman, like a schoolboy in the

presence of a Master, said to Dirac: "It must have felt good to have invented

that equation™. And Dirac said: "But that was a long time ago.” Silence

again. To break this, Dirac asked Feynman, "What are you yourself working

on?" Feynman said: “Meson theories” and Dirsc said: “Are you trying to
invent a similar equation?” Feynman said: “That would be very difficult”.
And Dirac, in an anxious voice, said: “But .one must try.” At that point the

conversation finished becaugse the meeting had started.
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SYNERGETICS - FROM PHYSICS TO BICLOGY

H. Haken

Institut fur Theoretische Physik, Universitat Stuttgart, Federal Republic of Germany.

1. The developing warld of physics

This heading is not meant in a political sense but in the following ona:

Let us consider what one might call the industrialized world of physics.

It deals with high energy or high power physics. Here we are thinking
of the huge machines to create new elementary particles or the
powerful stellarators, tokomaks a.s.o. to generate plasmas at very

high temperatures in order to eventually produce fusion.

It is a fascinating world but in order to do experiments enormous
sums of money are required.

To this world there belomgs also the world of astrophysics with
its telescopes, its rockets and satellites.

But then there is the world of our dimensions, so small as the
dimensions of molecules. It is here where the greatest mystery of

nature is buried, namely the mystery of life.

Here, in general, only medest amounts of money are required, but
the complexity of the problems represents a fascimating challenge
to the human mind. In particular I believe, that physicists with
their experience in statistical physics, many body theory a.s.o.

can make fundamental contribution to this "developing world”.

In my talk I shall be slightly eoncerned with the question:
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What can physics contribute to the understanding of life?

Indeed all living beings are composed of atoms and molecules which
quite clearly obey the laws of physics. Therefore it has always

been quite a legitimate question for a biologist to ask a physicist
whether he can explain, at least in principle, the formation of ordered

structures and eventually the structures of life.

The discipline of physies which fs quite generally concerned with

order and disorder is thermodynamics including irreversible thermedynaumics.
But it is interesting to mote that this simple question

has embarrassed physicists for quite a long time. Indeed, there

are experiments in physics belonging to our daily experience

which seem to contradict the formation of structures. We know

that in closed systems the second law of thermodynamics holds

according to which entropy increases which implies that disorder

increases, or Iin other words that im such a system structures disappear.

Boltzmann, the founder of statistical mechanics, was entirely aware of
this difficulcy but his statistical mechanics allowed him to make

an Interesting suggestion, he said: "Life is a giant fluctuation®
which is indeed still possible in statlstical mechanics and does not
viclate fundamental laws of physics. But there are two objections.
First of all such a glant fluctuation i3 extremely improbable and

in fact we must admit that its probability is practically vanishing.

And there is a second point., If life 1s just a giant fluctuation,
why does complexity, at least in general, Increase? In fact we find
in evolution that we have an ever increasing complexity and there
iz no reason to expect such a behavior if life is just a glant
fluctuation.

Row, Lf closed saystems do not provide us with an explanation of

increasing strucrtures, at least in principle, we may ask what happens in
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open systems? A typical open system is one into which energy is
pumped from an snergy source and eventwally energy s glven away

into an energy sink.

A typical example for such a gystem is provided by the earth which
receives a flux of energy from the sun and which, especially during the
night, dissipates energy into the very cold universe. Such & system

is kept far from thermal equilibrium, But then we have a number of
questions immediately arising. Can one define entropy for an open
system? This is actually a question which is at least open if net to
say that it is still under dispute. Secondly, thermodynamics does not

offer us any principle or mechanism of how order arises.

In statistical physics we may define an entropy function. This
allows us to immediately check some statements made by people who
based their work mainly on thermedynemics. For instance they tell
us that the entropy decreases when a system far from thermal
equilibium goes from a disordered state into an ordered one, But
actually more rvecently I could show in detail that such a statement

is wrong, the entropy may even increase.

Quite evidently new principles are needed which explain to us, why
order can be created in systems far from thermal equilibrium.

But these new principles must not be In contradiction to thermo-
dynamics, rather they must be added to it. So in a way the situation

1= reminiscent of Euclidean geometry. Fuclid tried to derive

the existence of parallels from his axioms, but nowadays we know

that a new axiom - the parallel axiom - was actually needed to establish
this fact.

I was very lucky that I came across a physical system more than 25 years
ago which allowed me to find such principles. The system I am referring
to is the laser.
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2. The laser paradigm

I briefly remind the readar of such a system. On the ona hand a laser
is composed of a cavity, this means that two mirrers are mounted on
the end facas of the laser device (compare fig. 1). In such an
arrangement standing axial waves can develop. On the other hand the
laser-active material is assumed to be composed of atoms which we
distinguish by an index g and we assume that each atom has a dipole

tp .
momern p'“
Let us consider the electic field strength of a standing wave
E{x,t) = A(t) sin kx. (1)

We decompose the amplitude A(t) into a rapidly varying part expi-iwt]
multiplied by a slowly varying amplitude E(t) and, of course,
we have to add the conjugate complex. The frequency w occurring

in
Alt) = E(t)e 19T 4 £¥(r)el¥t )

is just the optical transition frequency of the atom which

supports the laser action. Here and in the following we shall actually
assuma that thare 1s a perfect resonance betwsen the fleld mode with
frequency w and the optical transition frequency of the individual

atoms.

In analogy to the deacomposition of A(t), we decompose the dipole

moment $p(t) according to the formula

1wt

A - »* fwt
P,(E) = p,(t)e +p, (£)e (3)
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1 don't want to repeac the derivatlion of the basic laser equations
here, rather I should like to write down their form in order to be able
to draw some important conclusions. The slowly varying fleld amplicude

E(t) changes in time due to various causes.

E(t) = -xE + g L p_+ F(t). (4)

a P
First of all the light field may escape through the mirrors which
lead to a damping -xE.
On tne other hand the field mode is driven by the oscillating atomic
dipole moments which in the approximation used here is described by
the sum oceurring in equation (4), where g is the coupling constant
between E and Pp'

Finally the function F represents a fluctuating force. As we all know,

whenever there is dissipation in a physical system there are also fluctuations.

Thereforeffur Instance’the electrons in tha mirrors which cause a
damping of the fiald strength, at the same time cause fluctuations acting
on the field strength E.

The field reacts on the atomic dipole moments so that we have to censider
equations for them. According to quantum theory one can show that the
dipole moment of the atom u changes in time due to various causes.

- + gBd + F {(t). 3
P, = -Tp, + gEd + F (T) (5)
First of all because of the interaction of the atom with its
surroundings Including the effects of radiative transitiens into
all possible modes, the dipole moment will be damped by means of

term - .
a te ™,
On the other hand the field drives a dipole moment which is described
by the second term Oon the right hand side of this equation. Here a new

dynamical variable cccurs namely dF. This is a consequence of quantum
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mechanics which in our case applies to a gystem of atoms each having

two levels only. Now quite clearly,energy may Elow from the atom into
the field if the atom is in its upper state. On the other hand the atom
will absorb energy from the fileld if it is in its lower scate.

Therefore there 1s a specific sign of the energy flow and this

sign is determined by the diffsrence of the occupation numbers of the
upper level and the lower level. This difference is called the inversion

which is given by

d =N - N .
[ 2.p L (6
Now because of the processes golng on In the laser, the inversion also

changes as a function of time as described by the following equatioé:
d = (dy-d) (E'p +Ep ) + £ 7
b o 9,0, - BLEPYER, w8 o

Here the firat bracket describes a relaxation process which is caused
by the pump introduced into the atomic system from the outaide and
simultaneously by nonradiative transitions or radlative transitions into
modes which do not lead to laser action.

Thus the first term describes a relaxation of the atomic inversion

dp towards a prescribed inversion d,. On the other hand the

atom interacts with the field and exchanges energy with it. This is
described by the term in the second bracket of this equation., The last
term then still describes fluctuations which are connected with the pump

pProcesses.

This set of equationa, which we have just written down, is a rather
complicated one. First of all it has very many varlables, for Instance
in a typical laser we may have 101? degrees of freedom.

Furthermore these equations are nonlinear as is shown by the term
Edp or by the terms in the second bracket in the last equation,
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Fortunately enough it has turned out to be possible to reduce this
cowplicated system quite conaiderably. Namely in most lasers the
inequality ¥ >3y 3R holds. That means the damping constant

of the dipole moments is much bigger than the damping constant of the
inversien which in turn is much bigger than the damping constantc

of the field in rhe cavity.

Now conslder the first equation (4). Its first term on the r.h.s.tells
us that the fleld decays at a rather slow rate, namely described by the
damping constant . On the other hand in the second equation, (5), the
field E acts as a driving force. When we are close to a steady state,
the p# will behave similarly as E. That means, on the left hand

side of equation (3) we practically obtain a term ‘Pp which,

of course, is much smaller than Tp“. But the resulting inequality
lbﬂ‘<<|1p3| implies that practically we may put ﬁp equal

to zevo. But when doing so, we may lmmediately solve equation (5) with

respect to pﬂ and we immediately obtain the raesult

1 1
= =Ed + =F (t). -]
Py T 3B, RS (8)
This result tells us that the dipole moment p” is immadiately determined
by the field strengh E. This is in fact the slaving principle in itas
simplest form. Quite generally the slaving principle, at least in the
present context, tells us the following: Quickly relaxing variables,

namely B, are slaved by slowly relaxing variables, namely E,

Similar statements hold for cl‘,_I but it is immediately seen that

by these slaving principles P, and d.u can ba directly expressed

by E. In other words they can be eliminated from the equations (4), (3),
(7). Therafore we can find an squation for E alone which has the following

form at least for values of E which are not too big.
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E ~ (G-») E-C EIEI? + Foe(®). (9

Hera the constant G is called the gain constant and is proportional
te d; that means to the inversion described by pumping and relaxation
processes, Eguation (%) is not quite trivial because on the one

hand it lg nenlinear and on the other hand it contains a fluctuating

force, {.e. it is a nonlinear stochastic squation.

When we resort to machanics however, we can easily interpret the meaning
of this equation. Lat us identify E with a particle coordinate q and
lat us add an acceleration term mq to the equarion for E. Then we may

write this equation in the form

mg + § - -% +F (D) (10)

where V 1s a potential function which can be easily constructed to

the driving force on the right hand side of equation (10).

In order to discuss the behavior of E, let us first assume that the gain
G is smaller than the loss x. Then the potential V can be represented
by fig. 2.

The effect of the fluctuating force can be represented by individual
random pushes which are exerted on the individual particle, Afrer

esach push it will relax towards the equilibrium position. When we plot
the field strength E versus time, we will find the anvelopa of the

curve shown in fig. 3.

In order to find the field strength, we have to multiply E with
axp[-iwt] and then to take the real part. This is then Indicated
in fig. 3 by the oscillatory curve.

Lat us now assume that we increase the gain constant G so that the

potential curve becomes flatter (fig, 4). Quite avidently the
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particle will fall down the potential hill at the lower speed which
means that the wave tracks shown in fig. 5 now decrease more slowly

than those of fig. 3.

As we know from optics, the decay constant is responsible for

tha line width Av. Because the decay constant becomes smaller,

the decay actually occurs more slowly, the line width will decrease.
S0 we find a decrease according to the formula

by - % (11)

where P is the output power of the laser. In this way we have recovered

the famous Townies formula.

But let us now conslider what happens if the gain G becomes bigger
than the loss x. Under this condition the potential function V
acquires a form as shown in fig. 6. Here apparently a new stable
state has arisen which is connected with a stable amplitude of the
field E. When we again multiply E with the function exp|-iwr]

and take the real part, we obtaln the solid line of fig. 7.

50 we are immediately led to the idea that we have here a field

with a stabilized amplitude, That means we expect a very pronounced
coherenca. Such a field has also a new kind of photon statistics.
Bacause of the fluctuating forces there will be a small amplitude
phase [luctuacions.

It Is rather gtraightforward to calculate the Intensity fluctuations
which stem from the amplitude fluctuations. If we divide the intensity
fluctuations by the average output intensity and plot this ratio

versus the gain, fig. 8 results.

In addition one may cajculate the line width which now turns out te
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be given by the formula

const
Ay - 2P (12)

When 1 derived the result shown in figures 7 and 8

.

I found myself in opposition to all previously published papers and

therefore I asked some of the experts, whather such a behaviour may happen.

And they told me: No, this cannct be the case because the laser
will approach & potentlal curve as shown in fig. 4. The only fact
happening is that this potential curve becomes flatter and flatter
which is connected %o a higher and higher output of the laser and
the line width becoming narrower and narrower. But I was so much
convinced of the correctness of my idea that I published my results
and fortunately enough two American physicists, Armstrong and Smith,
became interested in my results and did experiments on semiconductor
lasers measuring the intensity fluctuations. Their measurements

entirely confirmed my predictions.

From this time on, I have learned that one must not trust experts.
Rather one really has to convince oneself whether concepts or
theories are right or wromg. Why did I tell you this old story about
the laser? Now, the reason is that it will guide us inte all sorts
of problems of self-organization. But first let me consider tha

relations to other concepts.

3, Relations to other concepts

When we plot figures 3 and & within one, we obtain fig. 9

where the curve with one minimum refers to a region below threshold
and the curve with the two minima to the region above threshold, G»x.
Actually I should mention that in reality fig. 9 1s acmewhat

more complicated because we have not only two minima but some sort
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of a circular valley which we obtain by rotacing the whole curve
around tha V-axes. But let us consider the more simplified case

with two minima only.

Quite avidently the right hand position is equivalent to the

laft hand position of the minima. Clearly when we change from the curve
with G-x<0 to G-x>0 the position at q = 0 becomes unstable,

but at the same time the system must break the symmetry batween

the by now possible left and right hand positions of the newly

genaratad minima. Such a phenomenon is therefore called "symmetry breaking
instability", Furthermore, as we have sesn before, when we increase the
gain below thresheld the particle relaxes more slowly, a phenomenon
called critical slowing down or equivalently cne says that a soft mode

OCCurs,

Finally we may observe that with a flattar curve thea restoring force
becomes smaller and in this way the fluctuations become bigger.

These are the socalled critical fluctuations close to threshold,

All these phenomena are strongly reminiscent of phenomena of systems
close to phagse transition points, but in such a case, the phase
transitions occur in sytems in thermal equilibrium.

Hers on the other hand we have a system, namely the laser, which is
driven far from thermal equilibrium. Therefore the transition we found
in it can be called a non-equilibriuam phase transition and this detailed

analogy was demonstrated by Graham and myself in 1968.

Actually this analogy between phase transitions of systems in thermal
equilibrium and far away from equilibrium can be made quite rigorous.
For instance, one may derive the distribution funetion

f(q) which has the form

£(q) = N exp[-V(q)/q. (13)
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In this form V corresponds to a free enargy but only in a formal

sense. In this way one may establish a formal analogy with the

Landau theory of phase transitions where q or equivalently E plays

the role of an order parameter. 1t must be stressed, however, that there
ia a basic difference batween systems in tharmal equilibrium and away
from equilibrium, While the expression (13) i3 an exact one for the system
here far from equilibrium, we know that the Landau theory is not
sufficient for systems in thermal equilibrium where rather the Wilson

approach is required.

Another relation may be established when we plot the equilibrium
position q, versus the galn paramater G or equivalently versus G-«

as showm in fig. 10.

Quite clearly when G-x<0, only one equilibrium position q,=0

exists. On the other hand beyond the critical polnt G w=x, the curve
splits into two branches which have the shape of a fork. Therefore this
phenomenon is called & bifurcation in mathematics and there is a whole
literature on bifurcation theory available nowadays. But from a
physieisc’s point of view one must stress that the concept of a
non-equilibrium phase transition including its mathematical treatment

is far more general than the concept of bifurcation. For instance

in non-equilibrium phase transitjons, we consider alsc the neighbourhood
of the newly developing stable states and in particular we take into
account the fluctuations which play a decisive role close to instability .

peints,

Further contact can be made to problems in blology. Namely what is
most striking here is the pronounced coordination of the individual
parts of a system for instance of muscles and neurons in animals.
So let us again consider the laser undar this aspect,
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Consider first the case ln which the order parameter E is small.

As we knov In a laser not only a single mode may exist but we may have
From formula (8) we may deduce that in such a case the fluctuations will

sevaral modes as indicated in fig. 14.
dominate and we will have & situation as shown in  fig. 1l.

Now let us consider another arrangement namely as shown in fig. 15

whers instead of the standing waves of flg. 14, we have running

Here the dipole moments pelnt into random directions and we observe

waves and one may construct the device iIn such a way that the waves
microscopic disorder. Now let us consider the case in which E 1s

are all running in one direction. As we know from quantum mechanics,
comparatively large. In such a case all the dipole moments will peint

the individual waves are occupied by specific numbers of photons.
in a specific direction (fig.12). On these now ordered states small

So wave with mode number 1 may be occupled with n, photons, mode numher 2
fluctuations described by the second term in equation {8) will be

with n, photons, and se on.
superimposed.

Meny years ago we studied what happens in a ring laser when we

But at any rate we realize that when E increases, microscopic chaos

give all the modes initially the same chance, 1.e. if we occupy them
of fig. 11 will be replaced by microscopic order (fig.12). But this

initially each with the same number of photons. Then what is
microscoplic order becomes also manifest on macroscopic scales.

happening is shown in fig. 16. First the individual mede numbers are
Here wea have a cyplical example of self-ordering. The order is not imposed

multiplying, but their multiplication rate is different depending on the
on the system from the outside but rather genmerated by the system itself.

distance of the photon frequencles from the center of the emission
Therefore we have here a typical example of self-organization. At the

line.

same rime we observe an enormous reduction of the degrees of freedonm.

For instance a typical laser has 10!* atoms and one

Thus, first we find what is called a segregation, one kind of photon
light mode, but as we have seen here due to the occurrence -of

is multiplying more rapidly than others. But when time elapses,
macroscoplc order, the whole system ls governed by the single order

eventually only one kind of photon namely the one which was
parameter E, that means by a single degree of freedom.

multiplying fastest, survives and all the others dye out

Therefore we observe here a situation which is strongly reminlscent
Finally,contact can be made with information theory. Just consider
of Darwinism in the animate world and I have drawn this analogy nearly
fig. 13, Here apparently the system can stay in the state 0 or 1.
20 years ago.
In other words our self-organized system possesses 2 holding states

or in other words, it can store one bit of informatiom.

To come to the decisive step, let me briefly summarize what we have seen
As we shall see at another place, we may now establish seme kind

so far:

of information theory which is based on self-organizing systems.
First of all we have seen that there are non-equilibrium phase

transitions in lasers which are strongly reminiscent of phase

Befora I come to the central topic of my paper, namely the definition
transitions in systems in thermal equilibrium. Phase transitions

of synergetics, let me sgain add another point concerned with lasers.
in thermal equilibrium are a widespread phenomenon. Therefore the question
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arises whether the non-equilibrium phase transitions are not alse a qualitatively. But now what are qualitative changes on macroscopic scales?

widespread phenomenon and the laser is just a specific examplel

To this end I have first to explain what I understand by qualitative

Second we have just seen that there {s a Darwinism of laser photons. changes and secondly I have to give you examples at least, what we mean by

On the other hand Darwinism of the animate world is quite a general macroscopic scales. First I present a counter example against a

principle of its evolution. Therefore the question arises, whether qualitative change. To this end let us consider fig. 17,

Darwinism is not also quite a general principla in the inanimate world. where two kinds of fish are shown, namely a porcupine fish and a sunfish,

When we put these questions together, we are lead to the general The famous Scottish biologist D'Arcy-Wentworth-Thempson drew one of

quastion, whether there are general principles in the inanimate and these fishes on a grid, i.e. a coordinate system and then deformed that

animate world close to phase transition points, that means to points grid like a rubber sheet. Then he could show that one obtains the

vhere new structures are formed. sunfish by a mere deformation. A mathematician calls such a

transformation structurally stable. That means an eye is transformed into
4. Synergetics another eye, a fin inte a fin and so on, where all the relative positions

are maintained. Biology provides us alse with numerous examples of

This brings me directly to the definition of the new interdisciplinary tranaitions which are not structurally stable but which give rise to

field which I called synergetics. The word is taken from Greek and qualitative changes. Fig. 18 shows the developmental stages of a

‘ n -
means: "science of cooperation®. I introduced this term in 1969 during califernia newt. Here the fertilized egg starts to develop incensions

& lecture given at the University of Stuttgart. As we all know, most due to cell division and so on until the whole animal develops its

objects of our study in science and the humanities can be decomposed extremities.

into individual parts, or subsystems, or elements. But through the cooperation Quite clearly sach scate differs from the foregoing one by a qualitative

of thase subsystems, & total action on a macroscopic level is produced wacroscopic change. In synergetics we shall be concerned with such

°r macroscopic structures are generated, qualitativ changes. Now let us explain what we understand by macroscopic

scales.

The question I then posed is: Are there general principles which govern

this generacion of macroscopic spatial, temporal, or functional When we look at the sky we occasionally chserve cloud streets. Here the

structures, irrespsctive of the nature of the subsystems? wolecules of the water vapour organize themselves inte streets which

have dimensions of many hundreds of meters if not kilometers. A similar

This question, at first sight, seems to be crazy because the subsystems phenomena can be generated in the laboratory. A famous example is provided

may be as diverse as atoms, or molecules, or phetons, or cells, or organs, by the Benard instability where a fluid layer s heated from belew

or even groups of humans. But in a way I have been lucky because I and develops a specific pattern, for instance in the form of honeycomb

could find some general principles, provided we focus our attention cells, {f the temperature difference between the lower and the upper

on those situations whera the system changes its properties surface is big enough. Other examples are provided by chemistry where we
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may find chemical oscillations, or spiral waves, or concentric waves

find an instability which eventually gives rise to the formation of rolls
of dimensionz of several millimaters to centimeters. Further examples

or hexagons. Linear stability analysis is a standard procedure

are provided by flames produced by plane burners.
but it allows us to derive the collactive modes which may be growing or

decaying.
Let us now briefly discuss the general case, though it will be certainly

far beyond the scope of this presentation te give you mathematical detalls.

For instance a specific kind of rolls may grow in amplitude, whereas
The general case refars to a variety of fields, namely physics, chemistry,

other kinds of modes may decay even if they have been generated by a
bjology and many other fields including specific aspacts of economy and

spontaneous fluetuation or artificially. Those collective modes which
soclology.

have a growing amplitude are called order parameters and allow us to
In our quantitative treatment we start with evolution equations for a

describe the order of a system. In general there are few order
statevector q. Such a statevector g may comprise in the case of the

parametars. All other modes, namely the decaying modes, can be expressed by
laser tha elactric fleld strength, the atomic polarization, the atomic

means of the slaving principle by the order parameters,
inversion, or in cthe case of a liquid it may comprise the density of the

This allows us to reduce the total number of degrees of freedom of the
liquid, its velocity field, and its temperature fleld.

system appreciably.

Evolution equations are of the general form.
Therefore we may establish order parameter equations which have a rather

) simple structure, in particular because they are close to instability points the
q = N(g,a) + F(t) (14)
order parameters are small and there are symmetries available. This

allows us to cast the order parameter equations into universality
where N is a nonlinear function of g which may still depend on control

clasges which explains the fact that for instance a single mode laser,
parameters, a, which control the system from the outside, for instance by

a toll pattern in a liquid and a certain chemical oscillation behave in
temperature, & flux of energy into the system and so on.

quite the same way, though they belong to quite different physical
F(t) represents fluctuations which are either internal in the system or
- or chemical phenomena.
external. There are still more complicated formulations possible, for instance

The formalism then allows us to calculats the formation of spatial, temporal,

where the fluctuations depend on the state vector q itself.
or functional structures. When we increase the control parameter mora and

more, the system may run through an inscability hierarchy, and quite often

The idea now 15 that we start from a glven control parameter, or a set of
after a few steps we arrive at states which may be called deterministic chaos,

control parameters, and assume that for such a set of parameters the
The whole formalism has been applied by us to a great number of different

solution of a specific solution of (14} is known. Now we change
systems and the next few figures show just a few examples of irs

the control parameter and study whether the system still remains stable,
application to physics and chemistry. In section 6 we shall

For instance, when we heat the liquid only weakly it will remain
discuss one of its applicationsa to biology.

at rest. When we increase the temperature at the lower surface we shall
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5., Some examples from physics and chemistry

Fig. 19 shows the calculated evolurion of an initially random velocity
field of a fluid heated from below in a regular hexagenal pattern.

Flg. 20 shows the temperature field of a liquid layer (atmosphers) on a
sphere, heated at the sphere and cooled from the outside, and subject to

a rotation symmetric gravitational field. Hers a static pattern evolves.

Fig. 21 same as fig. 20, but here a rotaticnary temperature wave esvolves.

Flg. 22 same as fig. 20, but here a chaotic temperature fleld evolves.
Fig. 23 finally shows the calculated patterns of flame fronts on plane

burners.
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6. Modelling of Complex Systems by means of the Order Parameter and

Slaving Concepts: An Example from Biology

When we obaerve the motion of humans or animals, wa ares struck
by their precise movement which is based on an extremely high

coordination between the activities of neurons and muscles.

One may speculate that this high coordination is produced by specific
programs, socalled motorprograms, of the neuronal net. More recent
experiments and thelr incerpretation by means of synergetics indicate
rather different mechanisms, however, To this end let us consider a
rather simple, though still gquite surprising, experiment which was done
by Kelso.

He asked test persons to move their fingers in parallel and then he
agked them to move thelr fingers more quickly (fig.24). Surprisingly
it turned out that when the frequency of the finger oscillation was

increased a sudden involuntary change of the mode of motion occurred.

Namely, instead of a motion in the form as shown in figure 24, a new
symnetric motion occurred (fig.25). Let us try to medel this abrupt
change of behavior. To this end we write the elongations of the finger
tips in the form

X, = r;cos(wt + é;) (15)

Xy = Tyeos{wt + §,) (16)

where w iz the basic frequency of the hand movement, while the
amplitudes r,, r; and the phases ¢,, ¢, are time
dependent quantities, whose time dependence is assumed to be much

slowar than that defined by the frequency w.
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We define the relative phase by

=4, - &y (7

In order to describe the change of phase we adopt our basic ideas
introduced above. We may expect that the order parameter equation

is of the form

$--0 (18}

whera V 1s a potential function Iim some analegy to that

introduced abeve, In search for a model we make a few rather

obvious agssumptions about V. Since ¢ occurs under cesine or sine functions,
the properties of a physical system must not change when ¢ is

replaced by ¢+ 2. Consequently, we shall postulate that the

potential V is periodic:

V(g+2x) = V($). (19)

Furthermore we introduce the assumption that both hands play a

symmetric role. In such a case the behavior of the system must

not depend on the way we label the right hand and the left hand.

This means, that V must remain unchanged when we exchange the

indices 1 and 2 of the two fingers. This in turn means that the potential

V is symmetric:
Vi$) = V{-¢). (20)
We assume that V obeys the conditions {1%) and (20) in the simplest

possible form which explains the above mentioned experimental results. To

this end we write V as a superposition of two cosine functions:

Vea-acos¢ -bcos 24, (21)

As we have seen above the behavior of the system obeying equatien
{18) can be easily described by fdentifying ¢ with the coordinate of
a particle which moves In an overdamped fashion in the potential V.
Thig potential V is represented in figure 26 for various values of
the ratioc b/a whera we assume that b/a decreases with increasing
frequency. Quite evidently ac a critical value v, the ball makes a
transition from the state ¢= «» to ¢= 0, or equivalently we may say
that the antisymmetric¢ hand movement makes a transition to the

symmetric hand movement.

On the other hand, when we decrsase w starting from high values,
the system all the time remains Iin the ¢=- O state, even if w drops
below @ This “hysteresis" phenomenon which easily follows from

our simple model, is also found in the real experiments.

This model has been refined in our original paper to treat

the osecillatory motion of the hands explicitly. However, in the
context of our lectures we still wish to dwell on the analogy

with the phase transition in particular with respect to the phenomenon

of critical fluctuations which we have menticned above.

Looking at our model and having in mind the typical critical
fluctuations of synergetic systems close to their transition

peints, we suggested to Kelso to look for such fluctuations.

Figure 27 shows his experimental results, In this figure both

the average phase and the phase fluctuations, i1.e. more

precisely the root mean squara of the phase fluctuations, are plotted,
in the case of the transition from the antisymmetric to the symmetric

hand motion big critical fluctuations eccur indeed.
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We have modelled this transition under the impact of fluctuations
by means of adding a fluctuating force to the equation {18)
I.2., we have treated the equation

v
ﬁ--a—d'+F(t).

Using the Fokker-Planck equation, we have studied both the behavior
of the root mean square as wall as correlation functions and

results are found in excellent agreement with the experiment.

What is most interesting and important is the consequence of

this treatment. Before we discuss it we briefly mention that

by extension of our model which takes into account the oscillatery
motion of the hands, we may reproduce the experimental curve as

shown in fig. 28.

But let us now discuss the important consequences, Namely when we
first assume that the transition between cne kind of hand movement
to the othexr kind is caused by the change of the motorprogram of
the neurons, it will be very hard to undsrstand why any fluctuarions
should occur at all. Indeed a motorprogram is a fixed program and
no fluctuations should be expected. The way the transition occurs
in the hand movement rather indicates that we are dealing here with
a typical act of gself-organization. This system organizes itaself,
that means, the individusl neurons and muscles act jointly

as if the whole system acts as a total autonomous system,

Quite clearly this introduces an entirely new paradigm in biology
and it can be hoped that similar mechanisms and models apply to
more complicated motions, where the next step will be to study
the change of gaits of horses. Other highly coordinated motions

may most probably be treated very much the zame way,for instance

rhythmic motions like breathing and heartbeat and their coordination.
-55-
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Figure capeions

Fig. L:
Typical set-up of a laser

Fig. 2:
Effective potential for G - x < 0

Fig. 3:
The electric field strengch of the emittad light comsists of individual

wave tracks.

Fig. 4:

With increased gain the potential curve becomes flatter,

Fig. 5:
The alectric field strength for the emitted light consists again of wave

tracks which for increased galn decay more slowly, however.

Fig. 6:

Potential curve for G - x > Q

Fig. 7:
The electric field strength has become an amplitude stabilized wave.

Fig. 8:

Normalized intensity fluctuations of a laser versus pump power

Fig. 9:
The potential curve for G - x < 0 and G - x > 0

Fig. 10:

Bifurcation diagramm

Fig. 11:

If the order parameter E is small, the dipole moments are at random.

Fig. 12:
If the order parameter E {3 sufficiently large, the dipole moments become
ordered.

fig. 13:
A double well-potential can store one bit.

Fig. l4:

Standing waves Inbetween two mirrors.

Fig. 15:

Running waves in a ring laser,

Fig. 16:
Darwinism of laser modes. At time t, all modes have the same number
of photons. At a later time t,, a segregation has taken place. At a

sufficiently large time ¢ ,only one kind of photons has survived.

Fig. 17:
The percupine fish left and the sun fish right can be transformed one
into another by a simple coordinate transformation

(after D Arcy-Wentworth-Tompson)

Fig. 18:

Developmental stages of a California newt

Fig. 19:
Computer calculation of the development of pattern in a2 rectangular

container of a fluld {(after Bestehorn and Haken).

Fig. 20:
Temperature field on a sphere (compare text),
{after Friedrich and Haken).

Flg. 21:
Temperature field in the form of a rotating wave (after Friedrich and
Haken)

Fig. 22:
Temperature field shewing in its time evolution chaoss (after Friedrich
and Haken}

Fig. 23:

Hexagonal wave front of flames {after Schnaufer and Haken)

Flg. 24:

Parallel arrangement of fingers
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Fig. 25:
Sysmectric arrangement of fingera

Fig. 26:

The behavior of the mean phase and its variance when the frequency is

increased (after Kelso and Scholz)

Fig. 27:

Out-of-phase and in-phase motion of the two fingers as a function of

time when the frequency is increased at the same time co

{after Haken, Kelso, Bunz)
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THE PROPER PUBLIC FOR SCIENCE

Maurice Goldsmith

International Science Policy Foundation, London, United Kingdom.

May [ begin by asking to be excused if [ base myself on vhat is primarily
my European experience. However, [ do recognaze that in saying this [ may be
accused of doing so from the perspective of what is termed Orientalism’. Thisis
1o use ethno-centrically derived concepts to describe the East. ‘Orientalism’ - a
term coined by the Palestinian scholar, Edwerd Said, in 1980 -tends to ignore the

intellectual achievements of non-European people. I hope Ishall notbe

accused of Orientalism’ in that sense. But [ am obliged to state that the Jominant

conceprualization of what science is, for obvious historical reasons. expresses a
Burocentri¢ view. However, [ believe the generalizations from my European

experience, have an appropriate relevance.

1 recall discussing with the distinguished physicist, Lord Blackett, when
he was president of the Royal Society, the periodicais he read. He surprised me
by confessing that he had given up reading the wvell-known veekly. Nature: he
only glanced through 11, for most of it was incomprehensible to him.

This story is not new. It reflecis the condition of the time. A condition

with which we are all familiar. which we describe as ‘the
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age of specialization', 'the age of the information explosiont, or
‘the aze of the fragmentation »f sclience', ete. ALl true, but being
zeneralizatiuns, unlikely to help us solve the basic problems they
reflect: how tu keep up with what's new that is not in che's own

narrow field.

We are familiar, also, with the ignorance about sclence and
tachnology among the general population. That reflects the conditlon
of the times, too. Wwhat is this condition? 3o far as the mass of the
people are concerned, whether in a first- or thlrd-world country, 1t
i3 that 4e have in the scientifis method an approach to a coherent
philosophy, but we cannot make this a living reality, an accapted -

therefure experienced - Tocus of our lives.

[oo fow people have an understanding of what science is. They
sze it through spectacles which have lanses crounded L cliches, so
they canaot see its many faces. Nor can they near its mary voices as

they listen through awunc-tuned hearing aids.

The word 'science’ began to enter the English language during
the Middle Ages (the beginning of the 17th century}. It came from
France, and was synonymous with knowledse. But the early Latin
translators of Aristotle gavz the adjective ’scientificus’ a technical
meaning, and this was transferred to science tc mean accurate and
syat;u#tiaed knowledge. The Aristotelian theory of knowledge was the
guide: you had 'sclentifie knowledge' when you arrived at it

demonstratively, not by experlment.

But with the beginning of modern science - first with the

Copernican revolution in the aid-16tn century, and then with the great
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age of science inspired by Galilec and Jewton in the 17th century -
the expressaion 'ascientific knowledze' came into use bt distinguish
this form of knowledge from comwon knowledzza: that is, seience and
knowledye were coming to be regarded as no lunger synonymcus in
England. Selence came to stand for a partiscular kind of knowledge,
whether derived by straight deductive logic (as in Euelid), or whether
using observation and experiment {as in Bacon and darvey). But the
full realization of this did not come untii almust the mid-19th
century, ay expressed, for example, in Herschel's Discourse on the

Study of Natural Philosophy, in 1830.

In the 17ch century, with the emergerce of modern science, the
new systems of the world began Lo be part of the educatian of the
well-read persoa, and the ned ideas were made available to the
aristocracy and the middle 2lass. It was a%t this period that what has
been described as 'the first systematic uritten attempts at scientifie
§Opularization' appeared. The [irst of thes zraeat pcpular exnositors
wés the Frenchaan Bernard le Bovier de Fontenelle (1557-1757). He
must have been a delightful perscn. Voltairs considered him as the
most universal genius he had met. He was a rare pecson in his

combination of scientific knowiedge and love of literature.

Fontenelle wrote partisularly fur the public of the salons. His
Entretiens sur la piuralite des modes (1585) 13 in the form of a
dialogue and is addressed to the needs of an imagzinary marquiae,
'jeung, aimable et ignoranta'. His intentiun, he declared, 'is to
deal with philosophy (he meant principally astrongmy and physies) in
the least philosophical manner possible. I have tried to develop it
Lo a point whare it shall be neitner too dry fur the gentry nar too

superficial for tha seientists .,.!
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Far #ontenslle, popularization was a class matter, The plebs
nad no place in his dissemination. Yis works and those of the writaers
whi followed him, such as the Spegtacle de la Nature (1732) by the
ADbé Pluche, were primarily for the aristooracy, the wealthy
bourgeoisie and the ladies of Lhe Cuurt. Tha stary is tyld of
Fontenelle that one Jay at the Cafe erocope, the famcus intellectual
centre of Paris in the 17th century, he declared: ;Ir my hand were
erammed full of knowledge, I wouldn't opem it far the people.' And cn
the sixth day of hia Entretiens, he advises the marquise: ‘Let us
content ourselvyes with being a select little band and not disclose our

mystaries t, the pesaple’.

In fact, the popular opresentation of science to a Lenaral publie
could not come about until publiz farms of education had mada literacy
more general, until the media of disseminition were more widespread,
and until there was a Jemand. Peuple needed to realize that thers was
ssmething to know which they were missins. The Entretiens may have
been written for a need already expressed: faor example, Hollere's
femmes_Savantes appezred 15 years before the Entretisns, and his
middle-21ass woman spent evenings in their attiss trying with a
telescope to see 'the pecplsz on the Maon'. ﬁoweverg I 3o not regard
fontenelle as a popularizer of science, mot unless we broaden the
function to describe 'a pogularizer' as a person concerned with
dissemination mot purely to a mass, popular audience, but also to a

specialist, intellectual audienze.

I distinguisnh, therefore, betwecn the 'mass popularizer' and tie
*specialist popularizer’. Histerically, this distinetion refleocts the
status and development of science in the last Jecades of this century.

It could not have arisen befure.
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During the early part of the 19th century, there were efforts -
following the impatus of the industrial revolution - to make science
available to mechaniea, ete, but the movement in Britaln, to give
working men a scientific edusation was doomed tu failure. It could
not be secured by lmposing instrustion in the sciences upon a highly

inadequate aystam of State education.

Similarly, the Royal Institution, founded im 1773 to train
menhanies, within a few years became a cenire of scientific
Tentertainment' for a select few. Thomas debster, who was Clerk of
the Works in the early days of that Institution, wrote to the
scientist Count Surford in 1795 with a proposal tu found a schual for
machanies in the house of the Royal Institution. Rumford was
delighted with the scheme and it was accepted by him. But by 1802
Webster had been granted sick leave and the project was abandoned.
Why? 1 qucte Webster's words, but we must bear in mind that these
were written in 1837, 35 years after the events, and ieb;ter Was by
then an sld and epather frustrated man. He wrote, "1 was asked rudely
(by an irdiviaual I shall not name) what [ meant by instrueting tha
lewer olasses in science. I was told likewise it was resolved upon
that the plan must bs Jdropped as quistly as possible. It was thought
to have a dangerous politieal tendency. I ws told that if I persisted
[ would beccme a markea man,” The popularization of sclence was still

designed for a few and nat for the maases.

From my shelves I have selected at random a number of
definitions of science, all given during recent Jecades. For the
biclozist J.B.S. Haldane, himself a distinguished popularizer, science

is first, 'the free activity of man's divine faculilea of reascn and

-9]-

imazination. Ssecond, 1t is the anawer of the few to the demands of '
the many for wealth, cuafort and vietory. Tnird, it is man's gradual

aonquast, First of space and time, then of matter as such, then of hia

own body and those of other living beings, and finally the subjugatiun

of the dark and evil elements in his cwn soul.'

for another distinzuishad biologist, C.i. Waddington, 'Science
is the organized attempt of mankind to discover how things work out as
aausal systems'. For the writer Alduus Huxley, 'Science may be
defined as a device for investizating, ordering and ccmmunicating the -

more public of human axperlances’.

for the American, Warren Weaver, 'Selience is not technology, it
1s nou gadzetry, it is not some mysterisus sule, it is not a great
meéhanical monster. Sclence is an adventure of the human spirit. It
i3 essentially an artistle enterprise, stisulated largely by
curiosity, served largely by diseiplined imagination, and based
larzely on faitn in the reasonableness, order and beauty of the

universe of which man is part'.

These definitions are acceptable. They have the virtue cf not
being imbued with a late 13th century emotion which perpetuates the
myth that there is really only one form Jf sclence, called varlisusly

'basic', or ‘pure', or 'fundamental', or ‘'secience for its odn sake'.

There are other definitions: for example, that of the
philzsopher, Sir Karl Popper, 'I think we shall nave to get accustomed '
to the idea that <@ must not look upon seiznce as a body of knowledge, .
thut rather as a system of hypotheses: that is to say, as a system of

guesses or anticipatiocns which in principle cannst be justilflied, but
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with which we Wor% as long as they stand up to tests; and of which ve
are never justified in sayineg that wWwe knowl they are "true” or '"more

or less scertain® or aven "probable™.!

dhat 15 important §s an understanding that the idea of
definition Jdoes not apoly strictly to a human activity whleh has
underzona many changes in its history: an activity which, as the
arystallographer J.D. Bernal expressed it, 'is sz linked at every
noint with other aSclal astivities, that any attempted definition ean
-nly more or less inadequatzly express cone of the aspects, often a

minur one, that it has had at some nericd of its growth.'

If we ask, 'What is the purpose and meaning of science?', we
find that today's ansWer is different from that 2iven yesterday,; and
different sorts of pesple would zive different answers at different
times. Thus, as Bernal put it, no anatomical deflinitiuna of sclence
is worthwhile. 7o pe understcod, sclience raquirss toc be seen as a
social phenﬁmen;n, linked organically with all other furms of human
behaviour. All human activity is charged with change: tolday's Hamlet
13 a being different from the Hamlet of a generation ago. Similarly,
today's seience is different from yesterday's and will be different

Azain Tomorrow.

Science i3 part of the process of sueial and eultural evolution,
and, therefore, is as subiective and psychologloaliy aonditioned as
any other branch of human endeavour. Thus, the proper publie for
sclonce will vary from perlod to perios, dependent upon the ansser

given to the questisn, 'What is the purpuse and meaning oF science?'.
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In the Mestern world, tha attitude of 'selence for its uwn sake'
can be trazed to the influence of the clasaizal Greek contempt for
manual labour, which was expresa=d by the 'pure scientist', wha, alaof
in his ivory tower, disdained those whom he regardad as using
tradaman’s standards ts judge the usefulness of knowledgze. The 'pure
scientiat' ccould avoid having to ask awkward questions on the effects
ér his résearcners: Would not need to consider, "What is ay science
for?', 'What 13 my responsibility as a scientist not only to society,
but also to soiance itself?'. In this euntent, the 'anplied

Scientist' was a lesser being.

fhat was the aucial atmosphere in Cambridge, Enzland, in the
years befours 1339 (sutbreax of the second wurld war) when students,
such as C.P. Snow, distinguished as a novelist, began their seientifin
wark, Snow was Jifferent: 1n a sense, therafore, more fortunate. ie
was doilng rasearch in the 13208 in a renowned labcratutry, the
Cavendish, and he wanted to write books. Thus, he said, 'There have
been nlenty of days when I spent the working hours with some
acientists and then gone off at nizht with some literary colleagues
..+ It was throuzh living amongst these gr-upns and back again that I
got oecupied with tie prublem of what, lung before 1 put it on paper,

I snristened to ayself as the "twy culturas?.!

That most felicitlous phrase - a phrase that to his surarise so
caught the imaginatlon that it has beccme incorporated ints our
everyday language - he defined in 1359 in the Rede Lecture in
Cambridie to describe 'the gulf »f mutual incomprehension' that

separated literary intellectuals at one pole amd acientists at thz

[ othar.,; He beliaved the intellectual 1ife of the whale of Western

society was being split increasingly into those two polar groups.
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3now ended his lacture with a plea fur the clcesing of the gap as
'a necessity in the most abstract intullectual sense, as well as the
asst practical. wWhen these two sense have grown apart, then no

syciety is going to be able te think with wisdom’.

In his second lack at the two cultures in 1954, Snow 'rephrased

the essznece of the lecture' as follows:

‘In our suciety {(that is, advanced Western scciety), we have

lost even the pretence of a cosmon culturs, Persens educated
with the greatest inteasity we Kknow can no longer ccmmunicate
with each other sn the slane of their major intellestual

eonsern,  Tnis i3z sericus fzr our creative, intellectual and,
abuve all, our ncrmal lifs. It is leading us tu interpret the
past wrongly, to misintzrpret the present, and to deny our hopes
of the future. It 13 making it Jifficult or impossibie for ua to
take ;ood action.t '

'l zave the must pointed exampie of this lack c¢f communisation
in the shape of twc sroups of pedple, representing what I have
christened "the tw. qultures". 9One of these ccntained the
scientists, wnose weight, achievement and influence did not need
stressing. The other contained the litorary intellectuals. I
did not mean that literary intellectuals act as the main
dezxizion-makers of the Western warld. I meant that literary
intellectuals repressnt, vocalize and to some extent, shape and
predict the mood of the non-sclentific culture: they du not make
the decisions, but their words seep int, the minds of those who
dou. Between these two groups - the scientilsts and the literary
intellectuals - there i3 little communication and, instead of
fellow-feeling, something like hostility.®

How far during thess past Jecades have we come to bridging the
gulf, to endinz the dangerous division ints the 'two cultures', and to
sgouring a 'one culture' in which, whatever our spacialist academic
background, we can communicate unJderstandably with each other? The
ansver is - not at all. The gulf tcday is wider than it was in 1959.

We heard Snow's warning, but we ezuld not héed Lt.

distorlcally, the rejection was inevitable. The gulf is too

deeply rocted in Western cultural experience to be bridged overnight.

-G 5=

One ruct haa grown from a meeting cf the Fourth Lateran Council
in 1215, at which it was agreed that the dugma of transubstantiation

should be explainzd, and it could be. in terms of then existing theory

of matter.

How is it possible for Christ to be present in the conseecrated
bread and wine $f the altar? The answer lay in the distinection
between the substance of matter and its transient qualities. For
instance, the substance of water remained unchanged, although it could

appear, also, aither as steam or lce.

It was logleal, therefore, t.u assume that in supernatural
circumstances the substance of matter mizht be changed without
affesting its external charactaristics. Thus, the bread and wine of
the alrtar contimieda to look like hread and wine even though in the
hands of the priest they had become the body and blood of the

incarnate God.

{n the years that followed, moée emphasis was laid on thus
deifying matter, and on saking an understanding of this a prime
spiritual ccncern. Colnecidentally, Europe was becoming the leader in
the develupment sf quantitative mathematics. Thers was not a better
approach Lo ah understanding of matter than through measurement and
numbera. Tnls emphasils had an importart cultural effeet through the
different attitude it brought to the traditional seven liberal arts.

These vere divided into the Trivium, made up of crammar, rhatoric and

-logie: that is, ccncerned with verbal methods and analysis; and the

Quadrivium - arithmetic, geometry, astronomy, and music {really the
study of acoustical propositlons): that 18, concerned with meazurement

and caleulation.



Until the end of the 13th eentury, thealoziana and thoze
coneernad with science were brought up in a eommon routine: they
shared the same academic bazkzraund, and cculd discuss easily with
each other using the same cultural langquage. However, as the effects
of deifyin; matter became clearer, there folluwed increasing emphasis
on the quadrivial apprsach, and a decline in trivial argument. The
scientiats tended to narrow their research methads to the
mathematiecsl, and Lheir subjects of study to the physieal. They
tended tu begome concerned with tne tangible. And problems of the
intanglble of values, of such non-measurables as deauty and goocdness

become the aouncern of sthers.

Over the centuries, the allegez antithetical character of
scientific and moral (or aesthetic) modes of thought was intensified,
and expressed in our edusational system. Tae gulf that took shape was
based on the late medlavval emphasis con the importance of matter, and

oh mathematics as the only basls for rational certainty.

Intertwinad with this root i3 another which has developed within
the past t4o hundred years. It 1s a new phasa of what 1s known as
'the rumantic reaction'. It is an expression of the Llnability to
co-crdinate two mcdas of knowing, to marry fast and value, matter and
mind. For example, the partnership of science, enginesring and
capitalism in the iast century led to the cholce of the machine as the
key symbol of the emarzent industrial system. Novelists and puets
have used the mstaphor of the machine t+ convey the sense of human

inadequacy.

Throughout the 1800s, the machine as symbol served as a figure

f.r the complex force shaping the aze, and became alsc an explicit
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mzasure of value. Writers in Yietorian England consistently used the
word 'machine' in a pejorative sense, because it was for them a
mamfestation of the acientific havlt of mind, seeking always to
reducae the complexitiea of society to a few aimple, measurable laws.
And that symbol of tne machline as representing the scientific mind is
Qgstéd in Victorian writing to what mizht ba termed 'arzanie®
metaphors, exgrassed belief 1n an instinctive creative ability

dezraded by mechanized produection.

The conflict has grown sharpar: there is a growing diserepanoy
betwesn what science preovides in the way of certain, verifiable
knowleuzs, and <hat we understand by the quality of life. There is a
widespread view that there is no pussibility of a more harmonicus
relationship between man and nature, and science has come to be

identified with acute furms of alienaticn from nature.

It would be fuolish not to recoznize that the gulf between the
'two cultures' has grown, sc that the scientist is seen as a stranger
in the svclety in whisch he lives, and not to recognize that a debate
is g3inz on which in its significance far uvershadows all previous
discussions. We have moved far from the simple polarization of
knowledze. The new dedate is councerned with the awescme problems of
the limictas of sclentific inquiry: with questiona such as, 'What is the
status of new knowledze?', 'Do we noed tu encourage or restrain its
growth?', Not so many years ago, the intellectual climate of the day
would not have eoncelved of susch questisns being posed. Only a few

volceda such thoughts, and then most privately.

The public for solence has been regardzd always as the’bourgeols

educated who vere contrasted with the supposed llliterate wassas.
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Secience for the latter had to be made popular, a condenscending
approach which has falled miserably to achleve any real underatanding
5f the nature >f solern salence, or of the basic laws underlying
present—d#y seientific achlevement. But nor sculd seience be made
popular for the alleged literate mlddle clasa. The British
&ducatlonal system i3 conserned with producing specialists, not with

culturally rounded belngs.

Thus, ths publis for science remaina undefined and confused.
I1lliterasy in sclence and innumeracy are the hallmarks of a suclal
system in which the enzineer is still very low in public esteem
eomparaed with the financiar, prupercy deveioper, pup star, ur pure

sxientist.

i new debate began in 1345 with the first practical demunstrtion
of the capture of nuclear energy. Ths Oomb at direshima started off
that debate, which demanded a new definition of the publie for
science. Two waves of thinking began: one, a wave of anti-sclentific
resnonse whizch has taken us well cutside the 'two cultures’ concept.
It was fuelled by the hurrors of the Vietnam war, in which the new

. téchniquea of devastation, both pu;stcal and mental, alienated a large
part of the young in 5ur industrialized wo.ld.rroa involvement in
scientific and technologieal work performeu in the service of the

Zovernment .

Indeed, Snow's 'twy cultures' atatement was made on the eve of a
most powerful formulaticn of tha counterculture which arcse during the
19508. It found vivid expression cn the writings of the American,
Thomas Roszak. He singled ut the scientific world view as the roct

cause of what is most alarming abcut modern seience:

.7

'I bave insisted’, he wrote in 1973, 'that there is something
radically and systematically wrong with our culture, 3 flaw that
lies deever than any olass or race analysis probes and which
frustrates cur best effurts to achleve whcleness. I am
convibeed it is our inzrained commitment to the seientific
sicture of nature that hanzs us up., The scientific style of
mind has Secome the oite form of experience our soclety is
willinz to define a3 knowleaze. [t i3 our reality prineiple,
and as such the governing mystique of urban industrial sulture.'
For Roszak, the scientific world view is the critical variable
in What ne rezards as a suicidal pattern of sollective behavicur. He
luentifies the quasl-religicus belief in Reason as the motive furce
behind urbsan industrialism. tHils supporters use the terms
*teshnolozy', 'the systam?, and 'the machine' interchangeably. And
they noint the finger at the aontrolling netwark of large institutiona
- guvernment, busziness curporations, universities - as the real
scurces of power bacause they control ‘the wachine'. Roszak's
armments are persuasive in tirms «f emations. What has helped the
sountercuiture is the loss of confidence in themselves which sections
5f the scientific community are displaying in puplie. This is linked

up with an intense debate on the sseial responsibility of the

sclentists, and the ethics of thelr behaviour.

Advances in science and technclogy seem to have escaped our
cantrol ana they are regardsd as acting nct only independently of us,
but even agairst pur will. In philousophical terms, We are witnessing

the alienaticn of sclence and technology from culture generally.

Aceording to this view, science 1s a foreisn buuy which culture
must flgpt and control; it must be always an outsider because it is
the lncarnation of the rational and foreign to any cultural traditicn.
This is a nonsense, out it is part of the second wave of thinking for

which the Bsomb was responsible. it is in the fleld of biological



researsh taat the problem i3 possd sharply. Quetions pused are,
*3nould limits Be plased on bi-rlozical research because of the danger
that new knowleldze ean present ts the established, or desired, srder
of suciety?t, 'Is placinz limits on Llologizal research a threat to

intellectual freedom and crzatlvity?!,

The wiger denats gees on. Attantioa 1s drawn to cther fields of
research in which it is elaimed new knowledge may have the m.ost
cunsiderable implicatiuns. For exampls, in the development cf nuclenr
znerzy devices, or the widespraad intriduction . microprsea2asurs {the
chips). Are then areas of rescarch that shouid he ferbiddem, or
considerad tabos, hesause of tneir potential harmfulness' to our
sseiety? 1 put the wora in quotes Lecause desired change is narmful,
toas, when sosiety is not prepared for it witn the necessary social
meshanisms, [ believe an anawer cannot be provided by the scicntifie
sommunity alosne, for it conecerns all of us, and the answer is laden
with nolicial and social values. Now we are beginning to arrive at a

eontempurary definiti.n of the pruper publie for selence.

We are at the bezinning of the age of public participaticn in
science ~ wnether we like it or not, whether we wish it or not,
yhether we are aware of it or not. This has cooured ag it has become
elearer that ssience is not a private game, but is for everybudy: that
it has a function in soclety: and that if used in a planned way could
imprave our cgnditiozn immeasurably., Opnosition to this viewpoint is
mostly on the grounds that any attempt Lo eonstrain scientifiec
research, tc canallize it into ordained channels, would introduce
authoritarianism. This, it is allezed, would stifle creativity, and

wasuld have consequences harmful to science itself. This change is
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hignly debatavle. [n practice, a general prablem of social importance
provides as g.0d a Dasis for the unplanned discovery as does complete
freeaom. Real nuvelty seems to spring as readily from constideratlicn

of sgme practical as it does from cut of the blue.

But the situation 1s not easy ty res.ive. MWe need to ask, 'What
forms ean 3uch publie partlcipation take?', *'What are the implications
$r tnese demands not only For science, but also fur the dissemination
of selentifie information?t, If, through successful researzh, we
arrive at suen an understandin; of genetic inheritance that nbstacles
ts cenetlie enzinecring are remasved, whiech i3 hapvening, then I suzzest

the demand fur publis participatisn is eclear and acceptadle.

The onee widespreau feeling that scientists alone should have
dcamain over the scientific enterprise is deinr challenged. The
questioq posed, and fought out in many arenas, is, 'Who should be
responsible ultimately for decisions aocout contruversial secientifie
and tecnnical issues?’'. When sclentists seek ty maintain as much
autonomy as possible, it is quite natural tu regard them as a politiecal
interest group witn powerful ecareer concerns. To speak more plainly,
the autonomy of seience up ta now has been the result of a promiscucus
collusion between the scientlst and the politiesian. New knowledge can
n: lenzer serve as a justification for introlucing risks to the

publig, unless an informed public is willing to accept those rlaks.
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SCLENCE AND TECHNOLUCY AND THLRD WORLD DEVELOPMENT

Maurice Geldsmith

Internacional Science Policy Foundation, London, United Kingdem.

0f courss, the comcept of the Third Werld (TW) is & nensenss, designed
te fostar the view that there i{s a cehersat group of cevmtries with status
sufficient to ba regarded as rankimg with tha Pirst and Secend Werlds., A
I beliave it is & nensense, wvhy do I cemtimus te use the tarm? Becsuse I
dislike the cemcept of 'develeping coumtries'.

This ensures & patrenising approach, which asswmes that ecomsmic
development along First Werld limes is the majer route to matiemal well-
bafing, wnd which carries with it tha implicit agmmption of soclal amd
cultural baclomydnesa. Nowever, I ceutimue with tha temm TV becauss for
ma it has the merit of an Impsasd mathematical neutvality. HNewsver, I sm
wot wed to it,

What (s thers {m common between Saudi Arabis snd the Pesple's ll.wbllc
of Viatnam, batwesn Iesrasl and Yemam, betweem Cubs and Brsszil? The Werld
Bamk rapks countries in ovder of level of develepmeat, based em such imdica-
tors as: GWP per capits, foed production, ammual preductiem grewth, adult
literacy and 1ife-ampectancy retes. Thus, Kampucher rauks lowsst aad the
United Axad Baivates highest. This is a2 simplistic appreach. Apert frem
the impossidility of obtainimg walid figures fer mest coumtrisa, the .~-
equal per capita distributisn of wealth, with itsa pyefound secia] implica-
tioms, is coveved wp. Cartaisly, deep imequalitias divide pesplas and
tadividuals: in 1960 the sverage par capita gress pyreduct im the imdwstrial-
1ised countries was £10,660, in the lew-imcems TV it was J230.

My concers harve Is te comsidar what are the spesial predlems im presemt-
ation of sciemce snd techmelegy iz the TW, amd by this I mean in the im-
poverished mations in which live the wajerity of the Earth's peeple. I
include coumtries swch as Indfa, Brazil smnd Mexice, im which thave is great

wealth with an affluent honrwsoisie. but In whirh most cftizens are
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illiterats, hungry and poor. Thers are approximately 4.5 thousand milliem
inhabitants of our planet, and some time withiw the naxt 30 years that
aunbar will double - given ne nuclear war or othar catastrophe, About
one-third vho live In the Industrialised countries bave a reasomable
standard of wellbeing, emjoying averagely good health, sufficlent food,

and the estimated maximum Life-span, Almost all of the other twe-thirds
live with the fear of comstant hunger and debilitating disease, and with &
1ife-span far below that of the other third., Depending on the criteria
used, the World Bank estimates thers are some 300m living in a state of
absolute povarty, and the ILO about 1,100ma poor.

In this complex mix of soclsl problems, I propoas to comcemtrats on
just two aspscts: the basic needs of health and food. But before I do
30 I want to considar the comeapt of *modernisation’. This implies that
National development and wellbeing are linked intimately with the view
that Third World coumtries, sspacially the poorer ones, zhould move towards
modes of production and organisation of ecomomic activities currveat in the
Flrst World,

But modernisation wesns differsut things in differsnt contexts.

People who are described as "traditional® or 'non-modern' ars usually poor.
They need money, purchasing power, to obtain material gooda. To what
extent can SET help tham? This is baaically a political question which
ordinary people camnot resolve without themselves taking a pelitical stand.

We have many examples of tha way in which the hwmt for modermisatiom
Leads to pauperisatiom. For instance, im Chile betwesa 1977 amd 1981
credit cards ware introduced., DBanks were libaxal In supplying credit.
The low rate of exchange for US currency allowed chesp imports te floed the
country. Here vas & rentrkable sxample of moderntsation. Scotch whisky
was half the price of the local products, and electremic gadgets and toys
vare fruely available, But this could mot last. Local induatries went
broke, inesployment toss, and when international intetest ratas rosa the
Chilean paso could no longer ba kapt strong artificially, and the process

of pauperisation bagan.
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Is there another aspect of medernisation a TW could conslder? Thare
iss it arises fyom a deliberate policy not merely to sesek to imtroduce
Firat Werld industrialisatiom, but to develop the psycholegical, social
and cultyral conditions to apply S4T to the development of the coumtry's
resources, natursl and human, in the i{nterests of all the inhabitants so
that all, and oot a privilaged few, can secure a decent and dignified lifa.

Lat us be clear. S&T are perceived and used by TW govermmeats as a
special source of national power, am {pstrument to strengthem their
pelitical base. The decision-makars give the impression that 54T can
provide the answers to their problems. But SLT can do so enly i{f they ars
sesen 43 An  ilnstrusent for solving soclal smd scomomlc inequities.

Governments are not preparsd to understand that devalopoent, seen az &
linear and szequemtial process following the application of S&T, leads to
social pauperisatiom, im additiom to the scomomic. In that procass, tradi-
tiomal tecimeolegy and cultursl vilues are destroyed and thers is greatsr
dependency on, and exploitation by, the foreign Industrialised powers.

let us look at Africa in this context. Modarm technology to be of
service is: highly mechanised; hea & high enargy consumption (thus,
modern sgriculture uses five times mora emergy then it produces in the form
of agricultural products): has large production wmits (which demand sephi-
aticated infra-structures, & large populatiom, markets and a high purchasing
power); and is capital intensive. And with these there iz also kmow-how,
adaiglgtrative ability and inmovation capacity.

Traditional technology hes nome of that, By centrast it is man-
powar inteasive, with = low emergy comsumption, bas ssall productiom wmits,
and 13 less capital intensive,

I shall develop this with refersnce to health and foed,

The World Health Organisation (WHO) sake clear that the aim of health
for all by 2000 rests inm great part on avercoming poverty and malputritiom,
which are stisulated by overpopulation, vhich in itself is & caupe of
disease, poverty and malnutrition., Therw 1s increxss of populatiom
because large fanilies provide food-winners, and there {s the near certainty

that at least half of the childrem will die {n {nfancy or sarly childhood,
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Annual deaths are estimated at some 15m ., They dis meinly frow diarrhess

dissases caused by comtaminated water supplies and faulty hyglems, amd
malgutrition. The other major health problem for all - adults and chil-
drem - is from pavasitic disease: 300a threatensd by amoeblasis; 1.2
billisn by malaria, with about 175m infected each year; 70m by trypasoso-
aissia. These are morbidity, not mortality, statistics., Actual anmual
deaths are veary much smaller. Thus, the problaem ls of liviag with
chronic, debilitating and often {ncapacitating disease, & burdem om au’
impoverished commmity. The ounbars ayxe large; some l3a lepers and soom
20m blind from trachoma. The crippling loss of humsn snetgy and producti-
vity is significant in ecomomic tarms.

Much can be dome to counter these dissasss. In the lsat century,
drinking water contiminated by human fasces was the greatest simgle causa
of diasase {1 the Westarm world. Typheid fever, cholers and dysentery
were rvagpant until samitary engloeeriog with goed plumbing took ever. And
it waa only 50 years ago that the industrialised werld had available sew
tachniques for treating and preveanting infection on & large scale, so that
the killer diseases of tuderculesis and rbeuwatic faver, and crippling
tertiary syphilis have been conquersd. Preventive medicine is the key,
yet in TW nations *he exphasis is still on curative medicive. Observe the
contrasts China practises praventive medicine, Brasfl does met: China's
per capits GHP {s one-fifth that of Brasil, but the average sxpectatiom of
life in China is several years more than im Brasxil.

So far &s parasitic di are ned, there is great basic

ignorance sbout the pharmacelogical and immmological sspects. Much re-
search {5 needed, and now is the tims to engage in thia. Cellular bislo-
gists can cultivate malarial parasiteas, {mmmelogista are actiwe in work em
surface antigens, and melecular biologists are about te clone the genes
respsasible fer the surface agents with which malaris parasites protect
themselves against the infected humen hest. A malaris vaceime is en the
way (but nobody can say whem); and i{f » vaccine cam be preduced zgaimst
the trypanosoms infection in humana and farm animals, agriculture weuld

bave available in Africa alone a vast fertile area at present almost
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uninhabitabls. Rasources made available for parasitelegy research sheuld
provide nev fromtiers of social and sconemic bemefit. Agriculture can be
tranaforuad by gematic msnipulation, which will improve the atvess toler-
snce and diseass resistanca of crops and grassiands. This would make
availabis scme #07 of the werid's uncnltivated but potemtially productive
land.

How is this transformatism to be secursd? It requires action on an
intermational, coordinated scals in close cellaborstien and comsultatiom
with the countries affected. A cenclusion te be drawvn from this paitive
use of ST {a that population growth might be halted as parents devalep
cenfidence that their children will not suffer an early desth. This would
be linked with the upswing in basic health standards and in food. But two
things st needed: one, commmal stress on economic self-reliance; owd
two, the developmmmt of confidence and sndogencus expertise. Neither can
ba secured without the popular presentation of 5&T, for salf-reliance is
meaningless without tha understanding and motivated support of the people.

Mest people in the TV live in the coumtrysida., It mesns their life-
styles are traditional, relatively unaffected by industrial civilisatiom.
To ba self-velisnt they must insiat on essarting their cultural idemtity,
te develop thelir cultural heritage. PFor instance, in countries such as
Indls, where thers are rich cultural traditions, vural people driuk water
out of a clay pot in gvery house; this practice must be reinforced sc
that 1t is not veplaced by the imperted metal container, which in time
kills the local techmolegy. The shaping of clay by a variety of tech-
niques - unbaked or bakad to become terTacotta - has been, and ia, a
mediva to serve art, religion and everyday mesds. A pot, alao, ia made
in an u:t:iuly seieatific manner. It represents linear liaks with
traditions geing back soms A000 years.

I give the clay pot as ocas sxample of the appreach nesded im popular
presmtation. It presents ST as part of gmneral culture, fer, as
distinct from Wastern sceiety, aas I stated in my first lacture, thare is
ne dichotomy betwesn mdogenous technslogy and {ts applicatien,
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But the imitatiwe pressures of urban society ave oppreasive. A
warning i necessary, Imitation of First Werld imstitutions needs te
ba meat carsfully comsidersd. TV countries bave tended te extrapolate
frea happenings in industrialised countriss, often their formar colomial
rulers, and mechanically to apply solutiows designed for basically
differsnt - but sesmingly similax - situations. Examples sre the
Academies of Science and the Associations for the Advancement of Sciemce
which have cooe into sxistence in a number of W ceuntries. As with
the txansfer of techmelogy, the transfar of institutions can be Woat
harmful. Thare is a2 view that the crestion of such inatitutioms is an
indication of naticnal developownt. It is usually a atatus symbol com-
farving a false dignity on office holders: poaaibly an indication of
flattary to the comtry's leader or rulimg party that all goes vell.
Thars may be, also, the influence of the concapt of ‘less daveloped' or
"inderdevaloped® or ‘develeping’: that is, a TW country may be stating,
'Losk, see how we are advancing ..." In uaing teclmologies which are
culture-bound to another envirenment. It is trua that thare are ne dis-
tinct techniques which without vesarvatiom can be applied to meet peverty
snd aconomic backmydness. That is why 'indiscriminats' bervowing may
fleurish,

Many TW countries and regions are creating associstions of S&T
writers. T would advise them to wait, Perxhaps aa entirely new ferm of
association {s nesded, and will devalep. What is required is ngt the
preseutation of Westarmn-dominated, laberatory sclence, but the presemta-
tion of basic information in, say, coping with health problems and
developing agriculture, always using local resources.

Tha writtsn werd is of Llittle use. Most rural people are {l11iter-
ate, In many commmities of limited literacy, the habitual respouse is,
‘Wa can't speak, wa have no sducation.’ There is a belief in educatiomal
inferlority, and thera seema to be almost a compulsion for self-demigratiom
before the mystique of education. According to Unesco, 41 in every 100 -
and in some cases, 50 - are {lliterats. The 123m children of primry

school age bave no opportwnity to ajiend schoel, and of 3léa adult
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1ll{terates, 507 Are women.

In these circumstances, a tacimique I &m much in fawvour of 18 the
medium of popular theatra, so called because it ia aimed at the whole
commmity, not just thosa who are educated. Its forms include drazms,
puppatry, somg and dance. Performances deal with local problems and
situations with which people can idemtify. They are given without ad-
miasiom charge in a publ c place to ensure saximus sttamdance, and in
the locsl langunge, Byt it is morw than entariainment. It aims at
seacuring what good popular pressntatioen of S&T always dreame of - balping
pecple to get intarested in problems of concern to them, and then wenting
to do socething sbout selving thew.

Exparience in the use of the popular theatre has shown that if there
is to be actiom, then people peed to talk about the problam in cemmon, to
agree commmally om what te do, and if necessary, to seak furthar informa-
tion and skillsy for example, om how to make a2 new type of latrine, or how
to grow vegetables. Popular theatre fails if it is not combined with such
extension work &s discussions, demonstrations and practical activities.

A great advantage {s that thers are no aspecial or difficult skills to
be learned, Rural life in the TW is full of somgs, dances and steries,
and the popular theatre builds on tha fact that people sing whils they work,
dance at parties, and act sut storias arowwd the fire.

The actors whe, &s in the Lasdsa Batanani project io Botswana, are
linked with the Usiversity's adult education exteusion pregramme involving
agricultural, health and commmity development staff, use the popular
theatra to explors and sxpose problems they want pecpla to talk abeut. Thay
imppevise their owm songs, plays ond dances. All they nead ia a little
time For preparatiem and practice, but net major rehearsals and Toutine
oemvorising of lines. Spontanaity, mors or less, is the keaynote im provid-
ing a show, which can be organised speedily.

Bach year the pepular theatre campaigns are usually ons-week programmes
in which the team of acters tour the major villages in a district, with one
day in sach village, providing a one-snd-a-half hour show, including dresme,
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puppetry, dancing, singing and dvumbeat poetry. The ain is te stimulate
commmity participation, discussion and action, so after each performance
the actors and other extemsion workers Iinvolved divide the audisace inte
groups and ovganise discussion of the problems.

A District Ixtension Team is vespensible for plamming snd orgmnising
the campaizn, They work out the detailed timmtable and select problems
they comsider to be appropriate to be included alomg with thoss suggestad
by the commmity. Cholce is made usually of such small tasks as a clesn-up
cappaign, which can be done easily, and the result of which s clearly
viaible. Those taska are dona with local rather tham with govermasent
rasources and actlon. Problems selected are those whose solutiom cao he
alded without difficulty by repular sxtension work.

In 1975, for exampla, the Laedsa Batapan] team chose poor diet as
their topic. The solution nesded au Integrated approach involving im~
proved nutritiom, houms gardens, and new cookery methoda. COther issuves
presented included cattie theft, inflatiom and uwnemploymemt, the effect on
commmity and family life of aigrant labour and tha drift to tesms, the
conflict between modern and traditiomal practices, school-leavers, and
family and health problems. The District Team is reaponsidle, alse, for
working out the costs of the campaign. THNormally, this !a not expssive.
Many costs, such as transport and salaries, are met by the university
departmamt, and equipment costs are minimal, usually for the stage back-
drop (a plece of painted canvas) and a puppat staga.

TV popular theatre presents much of valua to the industrialised werld,
Jta value lies {n its role of social transformation. In latin Amarics it
is used as a form In 'the struggle for the transfornatism of sociaty’

{TW Popular Theatrs Newslatter, 1932): in Bangladesh, as n toel working
felosely with populay organisations cemmitted to tha struggle agzinst the
socizl, aconowic, political and cultural oppression of the people.’

I am not concermed hare with the obrious fact that the popular theatye
has the ability to transform its prasentations nto dirvect political state-

ments. ‘The Catholic Church in Latin Amarica is wall sware of the
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impessibility of aveiding such statements, desplte the wegative wveice of
Rome. I am convinced that appreprisce technelogical selutiens for TW
countries ars not avallable yet, and that such solutions will have te ba
derived by zaking use of and developing new critaria and approaches.
Populur theatre i3 an importuat way of haviug pecpls come te grips with
reality, of ensuring self-reliance (s oot concerned with romamticising a
cultural haritage, but with developing and implezemting realistic and
wnlightened policies.

What of tha other forms of mags cammmnication - radic and the presa?

Badlo is of laportance »ecausze for the majority of people the epokan
word ia still the meoat important form of communication., Moat peopla
live in rural areas and have Heen brovght up in an oral tradition, Learn-
inz about their village and the people who live there through sougs and
stories, many of which have been passed dewm by word of mouth for geners-
tions.

Agalnat this background, radio {s the only form of mess commumica-
tion which i3 likely to have any iwpact on these coummitiss, Although
talevision undoubtadly would have an appeal, the shear sxpense of the
equipnent needed to maka and receive programmes places TV wey bayond the
local means.

According to the latest Iaternational Broadcasting and Audience
rassarch figures published by tha BBC, in moat African comtries it ia
impossible to measuxe how meny TY sets thare ars bacause thay are so scarce.
Radio sets, howavar, are coemon. In Nigeria, for instance, theve ave 17
vadic sets per 100 of the populatiom, and inm Equatorial Guinea 27 per 100
of the population. This is not impressive when coupared with Creat
Britain, where almos. everyone has a radio set, but they are impressive
figures in countries whare :t is usual for o villages to use oms set com-
munally. Peopla gathar to listen to the news hbullatin or a particular
programue.

In the Pacific sud Caribbean reagions, vhers village aud tribal links
ara not 30 strong, wany mere paople own radios personally: for exammpls, in
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Fji and Jamaica more pecple own radic sets than im Pertugal (im Fi)i 61,
and in Jamaica 40, per 100 of the population.)

The pgrest advantags of radio over other forms of communication are
flexibility and comparatively low cost. Tramsiator radios are within the
means of most people who s#m a wvaga. Also, it is quite cheap to makea &
programme. Ona person with a portable tape-recorder can make perfectly
adequate programmes.

In countries where most pecple have little or no access to formal
sducation, nelther newspapers nor books will have an impact, and both these
media are comparstively expensive to produce and to distribute in remote
areas where transport and commmication lines are unreliable. The radle
is used instead.

The Gambia, in West Africa, uses radio extensively to inform and
educate in a wide variety of subjects, including technology and sclemce.
The Gambia, as with many Afvican covatries, haz many different local
languages, and this presents an added reason why printed matter ls difficult
and expensive to produce. This presenta little problam for radie, The
national radio station divides its output during the day inte feur main
seactions, and carries material io all the local languagea, and in English.

Programme-makers can be very mobile, collecting material from remote
areas and imvolving local people in programaing, This genarates much
intereat in the output of & radio statiom. In The Gambia, for instance,
two most successful programnes are one for farmers, which includes fnue.
viewa with Cambian farwers, and 2 self-halp development magazine, called
Tes{to, which also includes interviews with local people rumming such
schemes.

This approach to programming 13 common in the tropics. TFiji Broad-
casting divides the day up to allow programming in Hindi, English aud Fijiaa.
And 1t will send programme-makers out intc the commmities with portadble
equipment.

This ability to comtrol programming effectively i3 tha sain veasen
why radio is not going to be suparseded by TV in the near future. Pi}i,
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for instancy, could afford a TV servica, but has chosen et to because it
would oot ba able to afferd to produce all its own programmes. The
govermaeni s4e that Fijian culture wouid suffar if air time was takem up
Jy chedp luporied inecican filas and videos.

R3dio s 2 powerful mad.um. Its iupuct can he considerable because
It mukes grest desinds on its audianca. A3 the listener haa to supply
iie oun meutal iadges, 1 good deal of fLuaglaatiou is required, and thare
is conslderible sudience involvement. Listenars te the BBC World Sarvice
often idemtily strongly with the annoimcars: a retired HBC announcey,
Pater King, ias newspaper clippings from Afrlean papera o prove that
people la Gluna hHave aaoed thair childemn afrac hia!

By und large, che press in cha TW canpot nandle 2 science atery If it
a3 a0t Deen Interpreiad Ly <ia Oversaid prass ot news agency- This is
bacoing tass true as the razular p-asentation of sclence is tonlng te be
accepted & a gormal function of the lsading Third World newspapars or
pupular -aigazines. A few papers udy have o part-time sciemtific corres-
sondaat.

By comtrast, the Chinese Science Journalista' .asociatiom (CSJA),

“ounded n 13:1. haz abdeut o0 membars, all editors and reporters in
the wass oedia.  Twe-chizds have a sclentific or engineering background,
and the temainder have Sewa trvained in journalisa.  Tha majozity are
cellege and univezaity graduates.

What is needed urgently is to traln the prass and the sciec*ista to
got to koo each oilwr.  An interasting ploneer exauple was when about 50
journalists, publicity expercs and agricultural scientists wet sarly im
L5535 at the Internatioual Inatltute of Troplcal Agriculturs (ITTA), in a
three-day work hop on the role of tha mass madia In Food production in
Africa. It was designed, as ITTA dirsctor-gensral Ermond H.Hartmans put
it, to 'create new pathways between the vesearch station und the fam' by
sstablishing 3 parmarship Latween science apd journalisa.

There 1z wuch good rassarch carried out in unlwversitlas, and in

publicly-funded research institucions. Most TW countries have research
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departmants dealing with such basic topics as sgriculture, fisheries,
forsatry and health. 4nd seme :ndlvidual countries hest intemmatiomal
ressarch insticutes, for crops such as cocos, puln oik, tice or rubber.
Thera are good siories in sach of these¢. Journalists need to be made
aware of thea.

Special mention cust be made of the rural newspaper, with a conteat
and style linked with the specific information nseds of the commmlity,
much as is the English local paper, und read onl; locally. In Africa,
such papers ure recen:: they Legan in Lileria in 1993 and in Niger in
1964, in the fomm of miwmographed Lullecins concerned with literacy. Im
1972, followilg a survey of 11 African countrias which indicaced the
practicability of 3 rural press whare printing facilities and Hamic
joummnalism skills were ivuilable, and whare Lhers w3 o on-golng litermcy
or tural developuent cawpaipgu, Mali lsvuched a rural paper, Kitary, under
the direction of the Matlonal Agency of Intoruation and of the daily paper,
1'Essor. This followed carg.in guidelines sugzested Ly experis, and the
paper soon had a circulution of 1C,700 copies.

A Duesco survey published in 1731 states that ab present not one Africas
Tural newsuper is sconauically autonouwous, and thelr tuture axpansiom can-
oot be laft to chance. However, throughoui africa thare do axist traimbng
and vesesrch ‘nstitutes for rural journalists, and the papars do offer a
field for the axprassion of science in relaliorn to local needs. This should

he linked with a uational scientiric und technical information servics.
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HOW TO TACKLE THE SOCIAL AND ECONOMIC PROBLEMS
OF INDUSTRIALIZED COUNTRIES WITHOUT DAMAGING DEVELOPING COUNTRIES:
A CASE STUDY OF THE NETHERLANDS

Louig Emmerij

Institute for Social Studies,
The Hague, The Netherlands.

This article® is concerned with a small, open and industrialized
economy, namely the Netherlands, in the face of a rapidly changing
world economic structure,

Many Europeans consider that things are not going well in their
region because of world-wide economic problems. This is not en-
tirely correct. During the 1970s, for example, Latin America grew
at a rate of more than six per cent and Southeast Asia at more than
elghl per cent per annum. European growth, however, was not
more than two-and-a-half to three per cent during the 1970s. In
times of economic down-turn and rising unemployment, the in-
dustrialized countries and particularly the smaller ones, wiil be
tempted to put the blame on factors outside their control rather
than to iooK actively for policy changes that they would be able to
influence. In other words, they will be tempted to become inward-
oriented, protectionist, and to move against trends that were in-
itiated during the 1970s with respect, for instance, to the setting-up
of a new international economic order.

It is all too easy to criticize the industrialized countries for
becoming more protectionist and for moving against a one-world

This is an adapted translation of a paper originally written in Dutch, for which the
author wishes to thank Jean Sanders, Assistant Editor of this journal.

Development and Change (SAGE, London and Beverly Hills),
Vol. 1311982} 319346
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approach, but the pressures within these countries,.coming from in-
terest groups of all kinds, not least the trade unions and employers’

associations, are such that defensive policy measures are almost in-
evitable.

We are faced here with a typical situation in which important
policy measures are taken within industrialized countries which
have major implications for the rest of the world,, including the
developing countries. The question is whether it is possible to iden-
tify policy changes addressed to economic and employment pro-
blems in the industrialized countries, which are.not only effective .
within these countries but which do not go against the legitimate in-
terests of developing countries.

This article is a first attempt at a case study of the conditions that
need to be fulfilled by a relatively small industrialized country in
order both to tackle its own problems and to continue to move in a
one-world direction.

The article first provides the background to the economic slow-
down in the Netherlands before 'descriting the nature of the .
unemployment problem that faces the country. It then considers
the policy problem, namely, how to return to a qualitatively accep-
table rate of economic growth and to realize full employment ‘new
style’. The latter condition, in particular, must,be fulfilled if the
country is to resist tendencies towards protectionism and towards
stifling the economic structure even further with measures dictated
by short-term employment objectives that go against both the long-
term interests of the Dutch economy as a whole and the interests of
the developing countries. ‘

1. CHANGES IN THE STRUCTURE OF
THE WORLD ECONOMY

The world economy has seen numerous developments during the
past decade, while some previous trends have beer continued and
intensified. The oil-producing countries, for instance, successfully
established their cartel, with subsequent effects on oil prices. Enor-
tmous sums of OPEC money have been re-cycled with the aid of the
European credit market, and balance-of-payments problems have
become all too familiar in the oil-importing countrigs. Decreased
growth by industrialized countries has been coupled with an in-
creased inclination towards protectionism. This impeded the trade
liberalization which had made reasonable-progress-in the 1960s,
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and had a negative effect on LDC attempts towards industriafiza-
tion.
Another new element which made itself felt in the 1970s has to
do with international monetary relations and, although heralded
even before the developments described above, is closely connected
"to them, i.e. the financial position of the poor countries, which are
becoming ever harder pressed. The crucial problem heré is whether
or not the implementation of development strategies will be further
hampered by the LDCs’ growing financial deficits. The transfer of
technology from North to South will also continue to be a major
problem, mainly because of the insufficient control exercised by
governments, and is likely to be enhanced by the new labour-saving
‘technologies such as micro-electronics.

Thus, the factors that determine changes in the world economic
structure in the 1980s will continue to be many and complex,
Within the scope of the present article, an analysis must necessarily
be restricted to those factors which are likely to become of increas-
ing significance. I shall therefore make brief reference to shifts in
the geographical location of industries and in the allied trade flows,
and to the importance of the Newly Industrializing Countries
(NI1Cs).

Although the greatest trade flows still take place among in-
dustrialized OECD countries, particularly if oil is excluded, this
does not alter the fact that some NICs have.made considerable pro-
gress as regards their share in QECD imports. Their role in the
transformation of the world cconomy which has taken place since
the early 1960s is indicated by a recent OECD study.’

The geographical distribution of industrial production (with the
exception of the Eastern bloc) changed during the 1960s and 1970s:
the share of Brazil and Mexico, of the four Asian states {Hong
Kong, Singapore, Taiwan and Korea) and of four Southern Euro-
pean countries (Spain, Portugal, Greece and Yugoslavia) increased
rapidly, from 5.4 per cent in 1963 to 9.3 per cent in 1977. The share
of the industrialized countries, with the exception of Japan, show-
“ed a'corresponding reduction.

An examination of product groups shows that NIC exports (and
those of other developing countries) have concentrated on specific
products, conform with their comparative advantage and sup-
ported by selective export promotion. This, in combination with
their adverse employment situation, has caused the rich countries
to draw’up plans of action by which to counteract market penetra-
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Figure 1. Share of the NICs and of Other Developing Countries
in Total Imports of OECD Countries, According to a
Number of Commodity Groups, 1963-77 {in per cent)
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tion by ‘aggressive' developing countries. There is indeed sharp
competition and a rapid growth in some product lines. In other
words, although market penetration on the whole is still fairly
modest, it is quite significant for certain products, ¢.g. clothing,
leathergoods and footwear, wood and cork, and to a lesser extent
textiles. The share of developing countries, including the NICs, in
total OECD imports of such products has increased to almost 40
“per cent (see Figure 1).

The damage thus caused by the LDCs to certain industrial branches
of the rich countries (frequently in regional concentrations) may be
"the reason for the present general anxiety and for the tendency
shown by many industrialized countries towards protectionism.
Without under-estimating the economic, regional and individual
problems caused by such penetration, the fear that the employment
situation will be worsened by trade with the LDCs and by opening-
up markets to their products, is not substantiated by a series of re-
cent empirical studies.?

" In the industrialized countries in which these studies were carried
out, including the Netherlands, fewer workplaces have been lost
due to increasing imports from LDCs than have becen gained due to
the increasing exports {0 those countries.

Figure 2 enables us 10 take a quick glance at the future for various
countries, including-the USA and Japan. These are arranged on a
four-quadrant graph constructed from two axes, one indicating ac-
tual per capita income, and the other the availability of natural
resources, thus illustrating their growth potential. Within these
limitations, specific factors play a role, e.g. the availability of
technology, social structures, international relations. The first of
these will becom# increasingly significant. The traditional model of
'the 'optimal international division of labour is based too em-
phatically on the assumption that labour-intensive industrialization
will occur in the developing countries and capital-intensive produc-
tion in the industrialized countries.

Micro-electronics in particular give the developing countries -—
principally those in the lower lefthand quadrant — a chance to join
the leaders more rapidly. These LDCs, which so far have not been
successful in providing even the most basic needs for their peoples,
'may well take the view that labour-intensive technology is a pitfall

“and that their economies would best be stimulated by a changeover
to a technology that would provide an enormous stimulation to
their productivity and consequently to their level of production.
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Figure 2. Globa! Division af Countries According to their
Development Potential
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The classification used in Figure 2 would seem to indicate posst-
ble global shifts rather better than those more commonly used. The
horizontal axis shows (potential) available natural resources and
raw materials, climbing from right to left. The vertical axis
represents the level of economic development.

The lefthand upper quadrant shows those countries that are
wealthy as regards both income and natural resources. Top right
are those nauons which, although rich as regards income, are short
of natural resources. In the lefthand lower guadrant we see the pro-
bable climbers, i.e. those countries that are at present poor as
regards income but which have enormous potential due to their
wealth of natural resources. And finally, in the lower righthand
guadrant, are those which are poor as regards both income and
natural resources:  In each of the quadrants a few countries only
have been used for illustrative purposes.

On the basis of the global spread of the two criteria and of the
related opportunities for the application of technology, Figure 2
should give us some idea of the future direction of the international
redistribution of income and wealth.

An interesting fact is that Europe and Japan are both in the up-
per righthand quadrant. Their relative lack of natural resources en-
tails that they must continue to rely chiefly upon their knowhow,
on their managerial skills, on the initiatives of their peoples, ete.
They will need to make great efforts as regards education and
-research and also to gain and maintain a lead in the technological
sphere. It seems very unlikely, however, that those rapidly-
industrializing countries which are able to buy themselves into the
nuclear race, will not do the same as regards micro-electronics. On
‘the contrary, they will inevitably play a part in the production and
particularly the use of micro-electronics, whatever attitude is taken
by the governments of the rich nations and by the multinationals.

.The important fact, however, is that the USA and Japan are far
ahead as regards the development and use of micro-electronics, so
that the position of Europe is increasingly threatened.

1I. THE PUTCH ECONOMY IN TURBULENT TIMES
Structural Changes

For policy purposes, it is important to trace any ‘typical’ national
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characteristics in a given economic structure or pattern of
specialization. The Dutch economy, so badly damaged during the
war, was rapidly reconstructed during the 1950s. The ‘social part-
ners’, i.e. employers and employees, were both agreed that growth
and reinvestment of profits were prime necessities, and major wage
conflicts did not occur. Consequently, the country enjoyed strong
economic growth with reasonably stable wage levels.

Due to the war, the Netherlands had a- five-year technological
backlog, while that same war had given rise to countless new
techniques. The result was a constderable propensity. to invest.
Partly due to wage constraints, the country was able to enjoy a
comparative advantage over other countries, and the volume of
Dutch exports rose rapidly. Unemployment was at first still fairly
considerable due to tack of capital for investment purposes, but by
the mid-1950s the economy was fairly stable and unemployment
figures had dropped.

Economic growth accelerated during the 1960s, partly due to the
rapid increase in world trade and partly to the country's continuing
competitive position. The influence of the European.Economic,
Community was also beginning to be felt. In the early 1960s, even,
this high and sustained growth caused a shortage of manpower,
which had a series of consequences:

— wage conflicts, resulting in major wage increases in 1964, 1965

and 1966;

— investments became more labour-extensive; and
— the Netherlands became an immigrant country.

The tide began to turn in the late 1960s, both as regards the world
economy and as regards the domestic situation. Processes had been
set in motion which caused an upward pressure on prices and
domestic prices rose sharply. Automatic price compensation was
introduced and price increases were immediately made good in the
wages, leading in turn to the introduction of labour-saving techni-
ques. In 1973 the situation was aggravated by the oil ¢risis, when oil
prices quadrupled almost from one day to the next. To many, all
Lthis merely confirmed the gloomy prospects outlined in the first
report to the Club of Rome, published in 1972 and entitled Limits
to Growth. In retrospect, however, the victims of the crisis were not
s0 much the Western countries as the poorest of the Third World.
At the same time, another disturbing phenomenon made itself felt,
i.e. the simultaneous increase of inflation and of unemployment,
the so-called stagflation.
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Tabie 1. The Growth of Production and Employment in
Dutch Industry 1953-1977
(percentage change per annum)

1953-1963 1963-1973 1973-1977
Produc- Employ- Produc- Employ-  Produe- Employ:
tion ment  Lion ment  tion ment
Food industry
! —=farming
products - 5.2 1.6 4.0 0.8 0.8 -1.9
‘—others 3.2 -{0.1 3.6 -1.3 1.1 -34
Alcohol and
tobacco 6.0 0.3 7.6 -1.7 5.0 -0.9
Textiles 32 -1.0 0.8 -5.5 -4.5 -7.2
Clothing,
I leather and
' footwear 3.0 08 -28 -6.6 -—-9.6 ~12.7
Paper and
graphical
industry 8.9 31 4.7 0.5 2.1 -1.3
Wood and
building
materials 6.3 1.0 5.2 -1.0 0.3 -314
Chemicals and
rubber 9.7 39 12.2 1.4 2.5 -0.7
Basic metals 1.5 6.4 9.3 27 =25 -1.4
Metal products
and optical .
industry 6.2 2.2 5.7 . — 1.5 -1.6
Electro-
technical
industry i4.5 5.3 1.9 1,2 2.5 -1.7
Transport 3.4 -0l 4.9 1.5 -1.7 -23
Petroleum 8.0 34 9.0 4.6 -—24 -1.1
Total 6.3 1.6 6.1 -0.7 0.8 -2.7

Source: Adapied from Tables 6.5 and 6.7 in C.A. van Beld: ‘De-industrialization in
the Netherlands?’, in F. Blackaby {ed.): De-industriviization {(London, Heine-
mann Educational Books, 1979), 124-140.

We are now in a situation of.increasing unemployment and of in-
appreciable economic growth, and significant sectors of industry
,are'stmcturally in very poor condition. This is shown by Table 1
which gives the growth of production and of employment in the in-
dustrial sector from the early 1950s to the late 1970s. It will be seen
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that output grew most rapidly in the oil-refining, electro-technical,
basic metals and chemical industries, all of which evol\red more
qu1ckly than the industrial average in the penod 1953-73.

In the 1950s and early 1960s the electro-technical mdustry realiz-
ed an annual growth rate of 14.5 per cent, while the. chemicals in-
dustry grew by an annual average of 12.2 per cent in the 1960s and
early 1970s, Both these instances were double the growth averaged.-
by the industrial sector for those periods.

The specialization pattern of the Dutch economy, as. has been’
confirmed by a recent report,* shows the following characteristics::
large-scale rather than small-scale; restricted rather than pluriform
specializations; bulk-oriented rather than differentiated or refined;
intermediary rather than capital goods; and processmg rather than
engineering skills.

Table | shows that the turning point in industrial developmem
announced itself in the 1960y and intensified in the following
decade. The Dutch specialization pattern is based particularly on
capital- and energy-intensity. More specifically, the Netherlands
had comparative advantages in those goods which require highly-
intensive use of skilled labour, research and energy. Capital intensi-
ty in itself has never been sufficient.

All these elements, which determine the structure of the Dutch
economy, have undergone considerable change during'the last few
years, and as a result the country is now less competitive. This has
been due not only to developments on the wage front, including the
burden of social security, or to the increased value of the guilder. It
has also been caused by the fact that shori-lerm employment objec-
tives were considered more important than the long-term health
and robustness of the economy, 5o that the economic structure has
not evolved in line with changes in the world economy.

Changes in the Employment Situation

To achieve and maintain a situation of full employment, the
national economy needs to grow in such a’way that sufficient
workplaces can be created, complementary to increases in labour
productivity which imply that the same amount of goods can be pro-
duced with less people, If, for example, labour productivity rises by
four per cent per year and the labour force by one per cent, then a
growth rate of approximately five per cent is needed if full employ-

-124-



ment is to be guaranteed. The growth rate can only rise above
five per cent if machines are made more productive (technological
adaptation). or if extra labour is brought in (housewives, part-
timers, immigrant workers).

For 25 years after the war, in fact, the Dutch growth rate was
such that it.was felt that times of great unemployment had been ieft
behind. Tremendous technological change in a particular sector
had its spread effects in other sectors so that, globally speaking,
jobs lost in one sector were more than compensated by new jobs
elsewhere.

Table 1 also shows, however, that since the second half of the
1960s industry has ceased to expand as provider of employment.
Early in the 1970s the industrial workforce began 1o diminish, 1o be
followed by the building and trade sectors, Notwithstanding the
creation of new jobs by government, problems also began to ap-
pear in the services sector (retrenchment by the banks due to
automation). Since that time it has no longer been possible to create
sufficient new jobs and unemployment has increased.

In actual fact, the decline in employment had started much
earlier, bul had been screened from public view because the expul-
sion of labour was expressed not in unemployment figures but in
the rapidly increasing numbers of those who were declared ‘unfit’
to work, a fact that is clearly illustrated by Graph 1.

Prior to 1965-66 labour demand and supply had risen by approx-
imately the same degree, what little unemployment there was being
mainly of the ‘frictional’ type, i.c. caused by the time involved in
finding other (available) employment. Employment then began to
climb less rapidly (curve I in the graph evens out) until, around
1970-71, it began to show a definite drop, Labour supply (curve I)
at first appeared 1o keep pace with this trend, but after 1971 this was
no longer the case and unemployment began to rise. If we examine
curve 111, however, which represents those who were unfit to work,
we see that the 1955-65 trend continues. As employment began to
stagnate after 1970, the numbers of ‘unfit’ continued to rise.

All this makes it delusive to believe that labour supply did in-

“deed keep pace with employment. Since the late 1960s, in fact,
much of the expelled labour has not been expressed in the
unemployment figures but has been ‘hidden’ in the increasing
numbers of those who are ‘unfit’ — unless, of course, we are so
gullible as to believe that the country has been hit by an epidemic
which has made a multitude of people unfit to work.
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The only feasible conclusion must be that the cé;tegory ‘unfit to
work’ hides many people who are unemployed rather than unfit.

Before making an attempt to outline "a framework for fulure
policy, al least one tentative conclusion should be'drawn with regard
to the present. In a rapidly changing world economic structure, the
Netherlands is now on the defensive. Unintentionally and unex-
pectedly, we have drifted into a zero-growth situation which gives
rise to growing unemployment and social tension. Qur economy
lags behind changes that take place elsewhére'in the world and our
technological prospects are not encouraging.

What can be done?

HI. THE CHOICE OF A SCENARIO
The export scenario takes as its starting point that small and open

economies such as the Netherlands are largely dependent for their
survival on their reactions to economic events outside their own
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frontiers. This scenario therefore emphasizes the expert of goods
and services. The stimulation of exports, it is believed, will crank-
up the entire economic machinery. This will not necessarily create
more workplaces in the export sector itself. Augmentation of our
ecoriomic carrying capacity, however, would make it possible to do
more in the collective sector, over and above the favourable effect
that would radiate from a flourishing export sector. The in-
struments necessary for the enactment of this scenario may be
found not only in an incomes policy, but above all, in a poticy of
economic restructuring which has an eye to the future.

The point of departure of the public sector scenario is that this
sector should provide the economy with a new and viable basis, giv-
ing particular consideration to greater satisfaction of needs in the
fields of education, health and geriatric care, welfare work, cuiture
and recreation, etc. This sector would offer workplaces that are
more suitable for women, who are likely 1o enter the labour market
in greater numbers. The scenaric requires a ‘socialization of de-
mand’, i.e..that the government or the public sector workers in ef-
fect will decide which of the people’s unsatisfied needs should be
Julfilled — and it also threatens the continuation of the present
distinction between ‘male’ and ‘female’ professions and jobs.

. Under-the sedistribution of work scenario, unless it is combined
with one or both of the other two, zero growth, or at most an ex-
tremely low economic growth, is taken as the point of departure.
Attention is concentrated wholly on the supply side of the labour
market tn an-attempt to ensure that avadable work is divided
among more people, thus reducing the numbers of unemployed.
Various instruments may be used for this purpose, including
shorterworking hours, early or flexible retirement, paid educative
leave, etc., all of which will be discussed below. In the majority of
cases, this scenaric will demand a redistribution of income.
Moreover, it is questionable whether a policy that is oriented solely
towards safeguarding employment will be able to preserve even
very limited economic growth.

Apart from certain advantages, all three scenarios have fairly
considerable disadvantages. In practice, of course, a scenario
“should be adopted which combines elements of all three. My own
preference, however, is for one in which the export sector is given
pride of place, redistribution of work is given second place, and the
public sector comes last, for the time being.

in brief, the emphasis on exports and on redistribution of work
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would mean excluding the public sector as principal scenario. The
expectation that employment is likely to be expanded.in.the public
sector in the effort to meet needs that as yet have not even been felt,
is dubious to say the least. Moreover, the public sector scenario is
seen primarily as something to ‘fall back’ on: there is little choice
left for anyone who does not believe in the feasibility of the export
scenario or in redistribution of work. Finally, an important factor
in the choice made here is that the public sector needs a base which
only the export scenario can strengthen. Economic growth based
only on an export scenario also has its shortcomings, however, and
it is therefore essential that there should be clarity as to which sort
of growth is to be pursued in the short term. The kind of economic
growth in which we are interested will seek to produce not only more
but better goods and services. In other words, their nature and
cosls will be better attuned to the needs and financial capacity of
their users.

In addition to a considerable increase in prosperity, the growth
of the 1950s and 1960s caused a great many problems which
previously had been largely unknown. Since the end of the 1960s,
as a result, it has increasingly been felt necessary that the in-
dustrialized countries should gradually reach a situation of
equilibrium, in which everyone would have sufficient prosperuy
and further growth would not be necessary.

The desirability of such a situation was advocated primarily by
those interested in environmental issues, people who were convine-
ed that, within the foreseeable future, continued growth on.the part
of the industrialized nations would inevitably lead to the unaccep-
table poliution if not total destruction of our natural environment,
and to the rapid exhaustion of scarce resources. Th:s v1ew was
strengthened by the first report written for the Club of Rome (The
Limits to Growth), which was published in 1972 and which received
overwhelming attention, particularly in the Netherlands. This
report came to the following conclusion:

If the present growth trends in world population, industrialization, pollution, food
production, and resource depletion continue unchanged, the limits to growth on this
planet wiil be reached sometime within the next one hundred years, The most pro-
bable result will be a rather sudden and uncontroliable decline in both population
and industrial capacity (p. 29).

Development policies supported the idea of gradual stabilization
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of the economy in view of the growing conviction that continued
growth by the industrialized countries would only aggravate the
backlog of the LDCs. The RIO Report (1976), based on
Tinbergen’s ‘quantitative illustration’, advocated that the in-
dustrialized countries should reach a situation of equilibrium
without further growth in roughly four decades. This was necessary
in order that the ratio of real income per capita of the ten per cent
of richest and poorest countries could be reduced during that
period from 13:1 to 13:2 or preferably even 13:4.

The Environment Conference held in Stockholm in 1972 made
the general public realize for the first time that living conditions are
determined not only by a country’s socio-economic development,
but also by its natural environment. This is expressed in the ‘eco-
development’ strawcgy which rejects both one-sided protection of
the environment ana one-sided economic growth,

Early in the 1980s the Dutch economy drifted into stagnation,
and we realized that zero growth, if sudden and unintentional, can
cause almost insurrnountable problems. Not only has the economic
base of our welfare state been affected, but also the economic
latitude that is necessary for any socio-economic restructuring and
redistribution of incomes.

In generat, we shall have to orient ourselves towards growth in
-those goods and services whose benefits of production and use wiil
surpass the costs involved. Both benefits and costs, of course, must
be given the widest possible interpretation. Benefits will include the
ways in which basic needs are satisfied, employment, and the
regional spread effect. The costs must include the use of non-
renewable energy And resources, and the calls made on the environ-
ment.

The following aspects should be given particuiar attention.

— Energy: in view of rising energy prices, the growing unreliability
of supplies, and ti e increasing demands made on the environment
as a result of our expanding use of energy, priority should be given
to energy-extensive production, to production oriented towards the
saving of energy, and to the development of other sources of
energy.

— Non-renewable resources: in view of the increasing scarcity and
rising prices of non-renewable resources, priority must be given to
production”thal{™is raw materials-extensive and oriented towards
renewed use of these resources or substitution by those which are
renewable.

=129~

— Environmeny. in addition to more economic use of energy and
of non-renewable resources, there is a strong preference for pro-
duction systems which will reduce the pollution of air, seil and
water, and which are oriented towards the renewed use and safe
storage of residuary products.

— Employment: the production systems that are to be created or
adapted should be easily adjustable to socio-economic change and
technological innovations; this may be.stimulated by encouraging
small and medium-sized industry.

— Quality of labour: this will improve proportionately as produc-
tion becomes divided into fewer stages and can be carried on in
smaller units. Although the production organization will continue
to play a role, it is the nature of the production process which is
often of decisive significance.

— The Third World: the growth target should not have a hamper-
ing effect on the Third World. In other words, growth must not be
accompanied by increased protectionism as regards imports from
developing countries. An anticipatory policy of economic restruc-
turing should be adapted to an increasing supply of (semi-}finished
products from the Third World.

V. GROWTH AND EMPLOYMENT NEW STYLL

In the 25 years after the war we experienced such growth that many
began to think that times of major unemployment were a thing of
the past. But industry ceased to attract new labour even as long ago
as 1965, employment has declined from 1970 onwards, and
unemployment has been on the increase since the early 1970s. ‘

It seems unlikely that we shall achieve a return to full employ-
ment during the 1980s. In fact, there seems little prospect that the
economy will pull itself up to any considerable extent under
present-day policies; moreover, the reiatively high labour produe-
tivity (in relation to the low economic growth) makes it unlikely
that many jobs will be created during the coming few years.

As far as West European economies are concerned, the inter-
national division of labour and the comparative advantages are
pushing them into an ever more labour-extensive direction. Be-
tween 1973 and 1978, therefore, the Dutch government intervened
on a fairly massive scale with financial aid to industry, and it still
does so to some extent. A very large proportion of. these aid
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measures has been oriented towards preserving jobs, for political

~and also for humane reasons. At the same time, however, it has
sometimes been difficult from both the legal and the economic
viewpoint, to understand which criteria have been used by govern-
ment in deciding to grant many millions of guilders in aid to enter-
_prise A, but to refuse any sort of assistance to enterprise B, which
‘may be in an equally serious situation.

The economic logic of providing direct subsidies to individual
enterpnses is only tenable if a firm is in temporary difficulties
which have nothing to do with structural changes in the world
economy and/or with changing comparative advantages. It seems
indisputable that most of these subsidies have been granted in the
hope, of compensating for losses in the international markets. In
‘other words, and with hindsight, the necessary adaptation of the
Dutch economy to changes in the international division of labour
has been hindered to the tune of billions of guilders. And all this
has been done in an extremely disorganized, if not chaotic, manner.

It is obvipus that export targets and employment objectives can
be contradictory to one another. Economic restructuring is an im-
portant clement of any policy that is intended to redirect the
economy into an acceptable growth path. In the case of the
Netherlands, incentives for such growth must be sought in foreign
markets; the stimulation of international demand, therefore, can
help to pull up our own economy. But even if it were possible to
return 1o an economic growth rate of two to three, or even four to
~five per cent, it is doubtful whether full employment ‘old style’
could ever be achieved, particularly if such growth would be depen-
dent on a restructuring which is likely 1o be labour-extensive. Clear-
ly, therefore, any proposal intended.to stimulate our economy in a
certain direction must be accompanied by a credible employment
and labour market policy. It is not enough to criticize the subsidiza-
uon policy without suggesting alternative policies with which to at-
‘tain the growth and employment targets.

Why Economic Growth?
Growth of the net national income means a greater national cake,
and this is needed for a number of reasons. The total population of

the Netherlands increases yearly by roughly 0.7 per cent. The
national cake needs to grow at an equivalent rate if we are not all to
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take a step backwards. The age composition of the population is
also changing: the percentage of the aged is increasing and that of
the young is decreasing. If the national cake does not grow, the
result will be increasing pressure on the incomes of those in the
20-65 age group because old people are more ‘expensive’ than the
young. The government ‘intercedes’ for the young with investments
in education, but the aged require pensions and a complexity of
social and medical provisions. An approximate annual growth of
0.4 per cent is necessary if the situation is not to deteriorate. This
means a minimal requirement of 1.1 per cent ‘statistical’ growth if
we accept zero growth per head and per age group.

The desire to achieve economic growth of roughly three per cent
per annum derives from another objective, i.e. that as many people
as possible should have employment. Economic growth is essential
1o create jobs in the public sector and to restrict the fall of employ-
ment in the private sector. Other wWays of increasing employment,
such as job creation in the non-commercial service sector, can only
be introduced at the cost of reducing the funds available for other
purposes.

The redistribution of employment means that the wotk that is
available has to be shared among more people. The amount of
work can only increase with economic growth, which is also essen-
tial if the quality of labour is to improve. The weak point in this-
reasoning is that all this is also possible without growth, but in that
case other patterns of investment and distribution of i income are
necessary. For example, if job security is to be mcreased less
money will be available for investment. Redistribution of work also
entails that one man must make sacrifices in order to help another
It ought to be possible without further growth, but this would place
{too) great pressure on the democratic system if, as at present, we’
drift unpreparedly into zero growth. 1 would therefore advocate,
economic growth now in order that a balanced situation of
qualitative growth might be achieved fater, on the basis of careful
planning.

Redistribution of growth is naturally a far more gradual affair. It
increases the flexibility of society and avoids the almost insoluble
problem of economizing at the expense of existing facilities and ac-
quired rights. In the following we shall discuss two policy areas in
which a qualitatively acceptable economic growth might be set in
motion which will take account of the constraints imposed by the
international division of labour and the development possibilities
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of the LDCs. These two policy spheres are economic restructuring
and the stimulation of international demand. Their implications

for the employment situation will also be examined.

Economic Restructuring

There 1s a growing current of opinion that we should switch from
the defensive to the offensive and that we should adopt a policy of
anticipatory economic restructuring. This is no simple matter, par-
ticularly in times of fairly high unemployment. In the past, many

" people have advocated that jobs should be retained at all cost. But
such a defensive policy is short-sighted and would eventually cause
a de-phasing of our economy with regard (o the rest of the world. If
we adhere to rigid structures for too long, our economic growth
will decline even fyrther, and the medium- and long-term employ-
ment situation will become even worse. This is a trend which must
be brought fo a halt. In a small and open economy it is necessary to
foresee changes in the structure of the world economy, while the
results of those changes may in no way be ignored.

Before discussing the instruments needed for an anticipatory
restructuring policy, it is important to distinguish between the
phases of industrial development: innovation or introduction; ex-
pansion; stagnation; - decline: Under a policy of anticipatory
restructuring, aid ‘will be given primarily to industries in the in-
troductory or expansion phase, and not to those that are in stagna-
tion or decline. Aid to the latter shouid only be given if the inten-
tion is to maintain a strategic minimum, to overcome a cyclical
downswing, or to ensure that the restructuring takes an orderly
course. It is questionable whether the same treatment should be
given to an ennre industrial branch, and instruments should be
designed with which to work across sectors. Even in sectors that are
in decline, some industries may be innovational or expansionary. A
coherent package of instruments must therefore be created, such
as: '

_— improvement of the entire framework in order that the mobility
of (skilled) labour, capital, technology and management may be in-
creased;

— encourage the introduction of innovations by keeping up-to-
date with scientific and technological research in order to accelerate
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the innovational process and to redp the accruing financial
benefits;

— support to medium- and small~scale industry, in order to ac-
celerate the application of new technological developments, e.g. in
the field of micro-electronics, and to promote exports;

— support to individual enterprises in the innovational or expan-
sionary phase;

— considerable support to a _few spearhead industries over a longer
period (5-10 years), not only in the financial sphere {(subsidies or tax
facilities) but also in the substantive sphere (university and
technological research).

These are instruments that are applicable to all sectors, whether
agricultural, industrial or commercial.

As regards the non-commercial services sector, the so-called
quaternary sector, it is clear that if our main concern is to make the
economy strong and healthy sagain, this sector is of relatively less
importance than the others, with the exception of such items as
education and research. Here, too, short-term employment targets .
should not be allowed to stand in the way of economic viability in
the medium and long term. The quaternary sector is financed
almost entirely out of public funds. Decision making is in con-
siderable danger of being affected by the preferences of those who
are employed in this sector. It is well known that many measures
taken in the past with the intention of expanding employment in the
quaternary sector have improved the secondary employment condi-
tions of those engaged in that sector rather than the services provid-
ed.? This can only causc further pressure on public expenditure,
which has its own consequences lor the rest of the economy.

Stimudation of International Demand

It is of vital importance for the traditional industrial nations that
they should have an effective economic restructuring policy. But
the economic story also has its demand side.

It is absurd that part of our productive capacity (hyman and
physical) cannot be used because of the economic depression, while -
hundreds of millions of people in the world have to go without the
most basic necessities that would enable them to lead a reasonable
existence. A country such as the Netherlands, again because of its
open economy, should stimulate international demand in order (o
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-achieve further growth. Many proposals have been made in this
respect, most recently in the report of the Brandt Commission:
North-South: A Programme for Survival.

All these proposals advocate an important increase in capital
transfers to the developing countries, particularly to the poorest
among them. This will be in the interests of the poor countries, at
least inasfar as such transfers enable them to stimulate their own
economic development. It will also be in the interests of the rich
nations.whowill be able to increase their exports to the developing
countries. Such proposals have their snags, of course. Pressure will
be brought to bear to ensure that industries which are in trouble
will benefit from export orders. This would interfere with economic
restructuring and, in the fopg run, would have a negative effect.
Moreover, it would not be correct towards the poor countries — it
would be a very happy coincidence if the developing countries just
happened to be in need of those goods that are produced by our
problem industries!

The restructuring policy proposed above must therefore allow
for the effect of the needs of the poorest countries on the composi-
tion of our own export package. Institutional provisions might be
introduced by which medium- and small-scale industries are
mobilized within the framework of a plan for the stimulation of in-
ternational demand. Such a plan is more likely to gain acceptance if
it is oriented towards the realization of targets of general appeal,
e.g. in the fields of energy, food, infrastructure, etc. Moreover, a
regional or sub-regional alliance would enable both the poorest and
the less poor countries to benefit. A major problem, however, is
whether such a plan should be financed solely from development
aid moneys, or whether other government funds should be used.

A plan for major capital transfers should be financed primarily
from public funds {together with international levies, as suggested
by the Brandt Report). The financing should be realized as ruch as
possible through multilateral channels and should be tied to clear-
cut targets, while the moneys should be spent within alf countries
that participate in the pian. On the European level, the Netherlands
should make every effort to ensure that a European initiative is
taken in this respect.
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Towards Full Employment New Style

It has been remarked earlier in this article that a return to full
employment in the traditional sense cannot be attained in the short
and medium term. In the Netherlands the labour force is likely to
increase by 50,000 per annum during the coming decade. At this
moment (April 1982) the numbers of open and hidden unemployed
are estimated at over 750,000: i.e. 500,000 open unemployed,
200,000 ‘hidden’ unemployed who havé been declared ‘unfit’ to
work, and roughly 70,000 who want to work but who fall into the
category of ‘discouraged demand’ (particularly women, who no
longer register at the employment exchange because they do not
believe that they stand any chance of finding employment). If we
are to make up for this backiog, and keeping ‘frictional’ unemploy-
ment in mind, we shall need to create an extra 60,000 jobs each year
for the coming ten years. In total, therefore, over 100,000 jobs each
year during the 1980s.

Assume for a moment that an effective economic policy, as sug-
gested in this article, would enable us to climb back to an annual
economic growth rate of three per cent or perhaps even four per
cent. Labour productivity would be responsible for at least two to
two-and-a-half per cent of that growth, leaving at the most one to
one-and-a-half per cent for job creation, i.e: 40,000°to 50,000 new
jobs each year in the most optimistic hypothesis. This is obviously
far from sufficient and something will therefore need to be done on
the supply side of the labour market. Something is already done, of
course, in the sense that surplus labour is relegated to the categories
of unemployed, unfit to work, etc. The Dutch population has to
provide 35 billion guilders each year for this purpose, i.e. 35 billion
guilders to expel people from the labour process and to keep them
dissatisfied and unhappy!

What could be more simple than to use that enormous sum of
money in a far more positive manner, e.g. by giving pc0ple the
chance to withdraw from the tabour market for some length of time
in order to do things for which they feel motivated and which will
enable them to become more resistant and flexible with respect to
life in"general and to the labour market in particular.

This brings me to a brief survey, from an employmem perspec-
tive, of ways in which working time can be ‘reduced and/or
available work can be redistributed, all of which have attracted
some attention,
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Early retirement. To lower the retirement age from 65 to 63 will not
free many joBs since more than half the 63 and 64-year-olds are
already in the ‘unfit to work’ category. Many others are in jobs
which will be done away with once these older employees disappear
from the scene. This leaves maybe 20 to 25 per cent of the jobs
présently held by older people which can be taken over by younger
workers.

Raising the school-leaving age. To use the school as a parking place
in order to prevent youth from entering the labour market is a
somewhat negative measure. Moreover, most of the 16 and
17-year-olds already go to school and the remainder do not all seek
employment. There remain 20 to 25 per cent of this age group who
would normally enter the labour market but who will be obliged to
stay at school — if and when the school-leaving age is extended to
18 years,

Some people contend that such a measure helps to achieve an im-
portant secial objective, i.e. to keep working class youth at school
longer in order to increase their educational opportunities. This ob-
jective could be achieved in another and more effective manner,
however, to which I shall refer presently. A disadvantage of exten-
ding the school-leaving age is that more and more young people are
obliged to remain at school without motivation. This increases the
charges on the education budget while its contribution to the educa-
tional achievements of the young is dubious.

Longer vacdtions. This is only mentioned for the sake of com-
pleteness since, unless holidays become far longer {meaning, in ef-
fect, paid leave), such a measure has little or no effect on the
employment situation.

A shorter working week. In the medium term this measure is
unlikely to be of much benefit. The level of employment or of
unemployment will not change, whether the working week lasts 48,
40 or 35 hours. Employers have always protested when a shortening
of the working week has come up for discussion, but we have seen
repeatedly that the result has been better than anticipated, the lost
time being compensated by higher labour productivity and
technological adaptations. Nowadays, the trade unions go to the
other extreme, opining that such a measure would make it possible
to create more jobs, but this is just as naive as the position adopted
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by the employers. Technology and labour productivity would very
soon adapt to the new situation and a new cycle of worktime redu-
tions would be needed. This is a typical example of a measure that
is irreversible, which should be avoided at all costs in a society that
has a growing need for flexibility. Also, such a measure would only
aggravate the scarcity of certain qualifications. From the viewpoint
of global employment at feast, it would be a different. matter if the
working week were to be reduced with a comparable reduction of
wages,

A shorter working day. This alternative would redistribute rather
than free working places, and implies that income must be sur-
rendered. In effect, this would mean a shift from the present situa-
tion of one job for one person to a situation of one job for two
people. By definition, this measure means that far more people will
be in paid employment since ¢ach job will be split into two. It is
hardly surprising that the feminist movernents show particular sup-
port for such a measure: not only will paid work be re-allocated Biit
in principle the unpaid, e.g. household, work should also be af-
fected. On the other hand, this measure would mean not only that
everyone (particularly in the lower income categories) is obliged to
seek a partner, but that that partner is also obliged to work. At first
sight this might seem somewhat dictatorial unless a far more subtle
and differentiated system is favoured which would have its own
consequences on the effectiveness of the proposal. If this greater
elasticity should make it possible for an individual to accumulate
two jobs, however, the effect would soon: be nullified, and the
situation would be likely to worsen in the shorl term because people
would work more than an eight-hour day. ‘

Working less during the entire lifespan. In this concept the water-
tight divisions between life’s various phases of school, work
(whether paid or not) and retirement are discarded, and recurrent
education and paid leave is introduced. The undeviating division of
our lives relates less and less to individual aspirations and to the
demands that socio-economic and technological developments
make on the individual and society. The essence of this concept is
that, dependent on economic circumstances, a larger or smalier
part of the working population should be encouraged to withdraw
temporarily from the labour market or their other ‘normal’
occupations in order to continue their education or to do other
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things. This system would create flexibility and, like an accordion,
couid be extended and again contracted. Instead of expelling hun-
dreds of thousands of people from the labour market through
unemployment, being declared ‘unfit to work’, etc., the same
number would now be able to withdraw voluntarily and temporari-
ly ini order to do.something positive. In this way we would have a
continually changing group whose size would roughly equal that of
the ‘structural ejection’ from the labour market. Weaker groups
‘could thus be emancipated and need no longer be doomed to per-
manent unemployment. Women could be trained in such a way that
they could re-enter the labour market without handicap (for this
purpose, this is the only genuinely redistributive measure). The
policy tool which could make all this possible is known as *paid
educational leave’; who knows, perhaps one day we shall also have
‘paid creative leave’’

In two respects, paid educational leave is distinguished from
other work-sharing measures. Firstly, it is directed not only
towards redistribution of labour, but also towards achieving
equality of educational opportunity, towards realizing a flexible
labour market policy, towards adapting to economic restructuring
measures, and towards helping the individual to become socially
more resistant. Secondly, paid educational leave will have a con-
siderable effect that will extend far beyond the socio-cultural and
economic spheres, although our interest here is almost solely in
those characteristics that are of relevance to the labour market.

In the Netherlands, the Social Economic Council has conciuded
that reduction of working hours has little effect on employment,
but that it has a negative effect on the growth of national income
even if the workers surrender part of their wage and if the cost per
hour.worked. does not change. Experiences with early retirement
are also varied. In the metal and construction industries, roughly 70
per cent of the vacancies caused by early retirement have not been
re-filled .due to progressive automation; in the docks and harbours
this amounts to roughly 30 per cent.

Both these systems are contradictory to a policy of economic
restructuring which is active and oriented towards product innova-
‘tion, since both of them are based on fairly passive endurance of
non-employment. By linking shorter working hours to paid educa-
tional leave, however, the latter will form an effective link between
economic restructuring and shorter working time. Paid leave makes
it possible for employees to undergo re-training or to acquire
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new skills. It offers a perspective for the employed and
unemployed, and can also help to solve the problem of filling dif-
ficult vacancies.

Reduction of working time is a necessity,- but most of -the
measures that have been suggested are based on the situation of the
1960s. *‘More of the same’ is their usual tenor. In no way do they
seem to be inspired by present-day developments. As the starting
point for recurrent education, paid educational leave would offer
far more possibilities. It is no cure for all ills, but it would provide a
hopeful prospect in that it links up both with the shortage of jobs
and with the great changes that are likely to take place in the de-
mand for labour, enabling variable groups of people to be removed
from the labour rmarket for re-training.

If paid educational or creative leave is not only to give the people
more chance to determine their own future, but is also to help to
solve the unemployment problem, then a start must be made by
allowing people who are not in employment to leave the labour
market; their places will then be taken by people who are involun-
tarily unemployed. The starting phase will be the most difficult in
that it is always difficult to find guineapigs who can foresee the
possibilities of a new situation. Once the initiative has been taken
and the situation is stabilized, however, the benefits will be clear.
At regular intervals, groups of people will leave the labour market
temporarily on paid educational or creative leave, thus bringing
about a situation in which, rather than being expelléd from the
labour market, people will be able to prepare themselves for their
return at a later stage. This proposal would bring about a balanced
situation in which economic restructuring is paralleled by in-
dividual restructuring, and investment in physical assets by invest-
ment in human resources.

A CONCLUDING REMARK

In this article I have tried to identify positive-sum-game solutions -

for the social and economic problems of a small industrialized
country facing a rapidly changing world economic structure which
is not moving in its favour,

At the moment of writing (April 1982), it is not clear whether
Dutch policy will move in the direction indicated in the preceding
pages. At present, emphasis is placed far too much on cutting
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wages and salaries, public expenditure and social security. The im-
pression is often given that such measures alone are sufficient to
solve the Dutch economic and social problems, and that there is
nothing the matter with our economic structure, our export
package, our labour market situation, etc.

The simple-minded and partial policies which, visibly at least, are
being pursued, are putting the trade unions into an impossible
situation; they are asked to surrender the gains they have made in
the past, without any clarity as to what they will get in return. This
heightens social and political tension, which does not augur well for
enlightened policies such as have been described here,

[f such a sequence of events were to occur in many industrialized
countries, the big losers would be the poor countries rather than the
rich — and within the rich countries, the poorly-off rather than the
well-to-do.
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5. This suggestion is discussed extensively in L.J, Emmerij & 1. Clobus:
Voliedige werkgelegenheid door creatief verfof — naar een maatschappif van de
vrije keuze (Full Employment with the Aid of Creative Leave — Towards a Society of
Free Choice; Deventer, Kluwer, 1978),

Louis Emmerif is Rector of the Institute of Social
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AN ENGLISH ASTRONOMER ON THE ADRIATIC
Edmond Halley's surveys of 1703 and the imperial administration *)

Alan H. Cook

Cavendish Laboratory, Cambridge, UK.

I. Summary. — II. Introduction (p. 124)., — III, The Hofkammer records at Graz
(p. 127). — IV. The background and antecedents to Halley’s missions (p. 128}, —
V. Halley's first tour, January to March 1703 {(p. 131), = VI. The Imperial Re-
sponse (p. 134). — VII. Halley's second visit {p, 137). — VIIL. Halley's surveys of
Trieste and Buccari (p. 141). — IX. Conclusion (p. 149). — Appendices (p. 152).

1

Edmond Hailey, the English astronomer and navigator after whom the
weli-known comet is named, went at the request of the English govern-
ment to make surveys of ports on the Imperial coasts of Inner Austria and
was also in large part responsible for the speedy construction of batteries
that he had sufgested Should be built to defend the harbour of Buccari
(now Bakar). These tasks, which occupied Halley throughout most of 1703,
lwere undertaken to provide a secure harbour in which an English fleet

i ¥ My studies of Halley's surveys in the Imperial domains would have been
impossible without the ready and courteous assistance I have hagd from many
people, but here, writing especlally about the archives in Austria, I am above
all indebted to Dr. Christlane Thomas of the Haus-, Hof- und Staatsarchiv
Wien, who suggested that I should contribute this article, who in her corres-
"pondence has given me the most valuable guldance and who has corrected
the transcription of all documents., It 1s a great pleasure also to acknowl-
edge the help I have had from Dr. Anna Benna, the Director of the Haus-,
.Hot- und Staatsarchlv, from Dr. Erich Hillbrand of the Kriegsarchiv Wien,
from Dr. Tiepolo, the Director of the Archivio di Stato d! Venezia, and Signora
E. Zolla of that archive, as well as from Dr. Giorgio E. Ferrari, the former
Director of the Biblloteca Marciana in Venice. I am very grateful for the
help on questions on the sources from Graz which Dr, Heinrich Purkarthofer
and Dr. Karl Spreitzhofer of the Stelermarkisches Landesarchiv Graz always
were kindly willing to answer and explain, Professor Legovié, Professor Munié
and Dr. Danilo Klen of Rijeka have been of great assistance in connection with
the topography of Buccari (Bakar), Professor Leonard Forster has kindly
transcribed some of the documents from Graz for me, and Dr. Erwin Schmidl,
Milijirwissenschaftliches lastitut/Heeresgeschichtliches Museumn Wien redrew
the flgures and with Dr. Thomas cleared up some points connected with the sites
of batteries. I wish to record, finally, the continued interest that Professor An-

io Marussi of Trleste took in my studies, up to his last months — he did not
alas live to see this paper.

~143-

might winter in order to support the Empire in the War of Spanish Succes-
sicn. This article is principally concerned with documents relative to
Halley's mission and the support given him by the Emperor and his
officials, that are mainly to be found in the archives of the Innerdsterrei-
chische Hofkammer at Graz, while indicating the bearing of that material
upon some other aspects of the war at sea and the relations of the allies
in the war.

Iy

The contemporary English political diarist, Narcissus Luitrell ), tells us
that in 1703 Edmond Halley was sent by the English government of the
day to survey ports of the Empire upon the Adriatic and he also tells us
later on that when Halley had completed his mission, he was received by
the Emperor Leopold I who presented him with a diamond ring to the
value of £ 80. This dccount, slightly embellished, has appeared in subse-
quent notices and biographies of Halley from the time of his death until
now. Halley was a very distinguished member of the very distinguished
group of natural philosophers, conternporaries or younger associates of
Newton, who to a large extent developed the methods of mathematical
physics as we know them to-day. The great memorial of the age is Newton's
work, Philosophige Naturalis Principia Mathematica, and outstanding
among Halley's notable contributions to. science is the stimulation, con-
tinued encouragement and material support that he gave to Newton in
the writing, printing and publishing of that fundamental work. Halley
did much else. He was an active astronomer who became the second Astro- -
nomer Royal, the navigator who first made systematic surveys of the
Earth's magnetic field in the North and South Atlantic Oceans and
published the results in the form of the first maps on which were drawn’
lines joining places where the values of some guantity (here the magnetic'
variation) were the same; the navigator again who first studied and
surveyed the tides and drew the first map of the tides in the English
Channel 3); the seaman also whe had in those voyages, though a civilian,
commanded a Royal ship with the rank of Captain. A skilled seaman, the
best navigator of his day, enjoying the confidence of the Admiralty, this
was the man the government in London sent to survey Imperial ports.

The occasion of Halley's visit was the War ‘of Spdnish Succession, in

1) A preliminary account of Halley's surveys is Alan H. Cook Halley in
Istria, 1703; Navigator and Military Engineer in The Journal of Navigation 37
(1984) 1—23. A complete account of original Englis_h' documents together with
some matertal from Venice and Austria is being prepared.

?) Narcissus Luttrell Brief Relation of State Affairs 5 (Oxford 1357)
PP. 228, 265, 278, 285, 308,

%) Norman J. W. Thrower The three voyages of Edmond Halley.in the
Paramore 1698—1701 (London 1981).
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which the Empire was allied with England and the Netherlands against
the France of Louis XIV ailied with Spain. Hattendorf %) has called atten-
tion to the way in which the hostile stance of Bavaria obstruced the
major aims of the maritime powers with the consequence that the Blen-
heim campaign was planned to remove the threat from Bavaria. At the
same time, it was important for England and the Netherlands to help, so
far as they were able, the operations of the Imperial armies against the
Spanish possessions in Italy. The campaigns in the two theatres inter-
locked and the most effective way for the maritime powers to help in
'Iltaly was to prevent the French fleets operating in the Mediterranean.
At that tlme England had no naval base in the Mediterranean and her
statesmen thought to use an Imperial port to harbour a fleet during the
winter. The idea was in fact apparently first put forward by George
Stepney, the English ambassador to the Imperial court, and when it was
adopted in Londoen, the choice of the government fell upon Halley to
make the necessary surveys of possible ports.
In the English administration in the early years of the reign of Queen
Anne, diplomatic and naval policy was formed by a small group compris-
“ing thel' Queen, the Lord Treasurer Godolphin, the Duke of Marlborough,
and the Secretaries of State who were Daniel Finch, Earl of Nottingham
and Sir Charles Hedges at the time of Halley's mission #). The regular
corresportdence with Stepney was in the hands of Hedges, but naval affairs
were the particular responsibility of Nottingham and although Hedges
included matters concerning Halley, Halley sent the reports of his mission
to Nottingham when he wrote directly and not through Stepney, and the
instruetions that he received over the Queen’s sign manual were re-
corded, alo.ng with his-letter of introduction to Stepney, in Nottingham’s
letter book *).
Halley sent regular reports from the Imperial coasts about once a week,
sometimes directly to Nottingham, sometimes to Stepney in Vienna who
forwarded the complete letter or abstracts of it to London. It turns out
that most of those letters, if not the complete set, along with many other
documents related to Halley’s visit are still conserved. Halley's own
letters to London and Vienna survive in the State Papers in the Public
Reqo;d Office in London, either among the letters received by the Secre-
taries of State or in the archives of the embassy in Vienna, and they form

4) John B. Hattendorf English Grand Strategy and the Blenheim
Campalgn of 1704 in History Review 5 (1983) 3—19.

% John B. Hattendor{ The Machinery for the Plarning and Execution
of English Grand Strategy in the War of Spanish Succession, 1702—1713 in
Changing Interpretations and New Sources in Naval History (Papers from the
Third United States Naval Academy History Symposium, ed. by R. W. Love Jr.)
(New York—London 1880) Chapter 8 pp. 80—85.

%} Northamptonshire County Record Oftice Finch-Hatton papers 275, pp. 204,
206.
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a notable addition to his known correspondence for they were not known
to the compiler of Halley's papers”). Other parts of the correspondence
are in the British Library or in private collections ¥,

Venice was very concerned about any naval operations in the Adriatic,
as well as about commercial consequeénces 4f"stich activities, 'f';i’ld‘in their
regular despatches the Venetian ambassadors in London and Vienna sent
a number of reports about Halley to the Senate, of which one is of particu-
lar value in reconstructing Halley’s surveys. A third group of documents
is in the records of the Innerdsterreichische Hofkammer in the Steier-
mirkisches Landesarchiv in Graz, for the Adriatic coast was administrat-
ively dependent from the Hotkammer and it was that body that was charg-
ed by the Emperor with assisting Halley in his surveys anid other Works.

I have already published®) a brief account of Halley's jourheys and
surveys, and am now ‘preparing for publication full edited transcripts
(with translations where necessary) of the main documents written by
Halley or directly related to the surveys, and my aim in thix article is
to describe the Imperial background te Halley's visits and the reaction of
the Imperial authorities to it, as they appear from the archives' in Graz
and related material. The Imperial archives in Vienna (Haus-, Hof- und’
Staatsarchiv Wien) itself appear to contain little of significance. There
are some scattered references in the correspondence of Count Wratislaw,
the Imperial ambassador in London (Staatenabteilungen England Korre-
spondenz 32, 35 and 37), and there are a few admmlstrative documents,

such as a passport for Halley ™), but in particular there seems to be no-
record of an audience that Halley had with the Emperor at which he pre-
sented him with three maps and a Memoriall or report, Two contemporary
copies of the Memoriall survive elsewhere, one the English embassy of+'
fice copy, and the other a clandestine copy obtained by the Venetian
ambassador to Vienna (Francesco Loredan) that is now in- the Archivie
di Stato di Venezia (Doc. 4 of Appendix 2). Of the maps however, nothing
has yet come to light: there is not the slightest hint of their existence
in the Austrian State Archives (Osterrelchlsches Staatsarchiy), depart-
ments Haus-, Hof- und Staatsarchiv, Hofkammerarchiv and Kriegsarchiv,

nor in the Austrian National Library (Osterreichische Nationalbibliothek
Kartensammiung); the best account of them is in a despatch from Loredan
who had managed to see them (Doc¢. 5 of Appendix 2). It is worth rnention-
ing that the original Despatches of the Ambassadors are now in the Archi-

"y Edward F. MacPike Correspondence and Papers of Edmond Halley (Ox-
ford 1932).

8) In partlcular: British Library London (henceforth BL) Add. Mss. 7058
{Letters of Hedges to Stepney), and the Fintch-Hatton papers, see note 8.

% Cook In The Journal of Nevigation 37 1-—23, Reterences to letters of
Halley mentioned in the text will be found in this article.

%) See also Calendar of State Papers Domestic Anne 1702—1703, Entry Book
104, Table VII vol. 1 p, 412.
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vio-di Stato di Venezia, but were kept in the Vienna archives when Venice
was part of the Austrian Empire in .the nineteenth century, Even after
the loss of the Venetian possessions in 1886 the original Dtspaccx stayed
in the Haus- Hof- und Staatsarchlv in Vienna because of their gleat im-
portance forthe history of the Monarchy but Italy borrowed many volumes
"to have copies made by Italian specialists. Venice recovered the originals
after World War I and left the copies to Vienna where they are still
held *): volume 185 of Staatenabteilungen Venedig, Dispacci di Germa-
nig, contains the third and latest copy (pp. 360—363) of Halley's Memo-
riall. The original despatches for the earlier part of 1703 with the more
important material about Halley are in good condition and can be read
clearly in Venice but the later ones {those of Daniele Dolfin who succeeded
Loredan) are damaged and the copies in Vienna are more complete.

Jass

The récords of the Innerdsterreichische Hofkamrner are assembled accord-
ing to <subject in monthly bundles, The first relating to Halley is labelled
1703-1-53, namely bundle 53 of 1703 January, although some documents
‘in it are earlier than 1703 January and most are somewhat later. The
,most formal documents in any bundle are letters of command from the
Emperor-to the Hofkammer, with the sign manual in ink sprinkled over by
golden blotting sand particles of which survive on many of the letters.
“With each Imperial letter there is usuaily associated a similar letter from
the Court. Chancellor at Vienna, Count Julius Buceellini, and subsequently
there may be. a formal reply from the Hofkammer to the Emperor in
which the Hofkammer reports the action that has been taken. The bundles
contain related documents such as instructions from the Hofkammer to
officers at Imperial ports, reports from those officers to the Hofkammer,
‘notes'or drafts for letters or documents, and some other material. Halley
was instructed by the English government, in fact in a direct letter from
the Queen, to survey ports that might possibly receive a fleet, and alse
to report on what naval stores and provisions were available in the region,
and while to-day our interest is principally in Halley’s surveys and mili-
tary. emgineering,.the matter that more oceupied the Hofkammer was
arrax}gmg to provide stores and provisions, and much of the correspondence
'is concerned with that and making arrangements with a contractor.

The Imperial government was itself also greatly concerned about the
-defence of the Adriatic coast, apart from Halley’s mission. From the out-
break of the war in 1702, French ships had cruised in the Gulf of Venice
and soq;e of the documents at Graz contain reports and complaints from

b) Gesamtinventar des Wiener Haus-, Hof- und Staatsarchivs, hg. v. Ludwig
B[t{ner, 1 (Wien 1936) 550—3561; Richard Blaas Die Archivverhandlungen mit
Itailien nach dem Wiener Fr‘leden von 1868 in MOStA 28 (1875) 356—357, 359,
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the coast to the Hofkammer. Surveys of the land border with Venetian
Istria had been made just before Halley came out and the bundle HX
1703-IV-82 contains reports by Feldmarschall-Leutnant Count Hannibal Jo-
seph von Heister and by the Imperial Engineer David Jacob von Rauschen-
dorff, along with a map of their tour and reports from various border
towns of actions taken upon their orders.

‘The bundles of the Innerdsterreichische Hofkammer (henceforth HK) with
material about Halley are the following:

HK 1703-I-53

HK 1703-IV 62

HK 1703-VII 89

HK 1703-1X-11

HK 1703-IX-19

HK 1703-X-17. *

The more significant papers are listed in Appendix 1.

v

Halley was sent, as has been said, in response to a suggestion from George

Stepney (cf. note 5) that some experienced seamen should be sent. to

view Imperial ports at the head of the Adriatic in which anEmglish-
fleet might pass the winter in security. Lacking such a base. an English

fleet could spend only a few summer months cruising in the Mediterra-

nean and could do little to offer year long aid to the Emperor or con-

tinuous protection to English trade with the Levant and North Afriea,

a consideration that probably weighed more with the English administra-

tien than naval co-operation with the Empire. From the start of the war,

the Adriatic coasts of the Empire had been subject to raids by French.
cruisers; thus on 14 August 1702 ships under the command of the Comte

de Forbin, later to be a thorn in the English side in the North Sea, had

bombarded Trieste from 10.30 a.m. to 3.30 p.m., although the damage

they caused was scarcely serious: '

“Forbinus nuper Tergestum fulmine terret
Si damnum quaeris porcus et gallus erit” 19).

The archives at Graz contain in HK 1703-IV-62 a long report from Count
Hannibal Joseph von Heister concerning the state of affairs in Fiume
and Istria and seeking protection from French incursions!!), and at a
later date, Halley himsel! refers to French forces occupying Aquileia
(near Monfalcone) and to French activity near Segna (Zengg, now Senj).
The report from Count von Heister, together with a long account by

19) Quoted in Attilio Tamaro Storig di Trieste 2 (Roma 1829) p. 136! some
houses and the Jesult church were damaged.
1) HK 1703-1V-82: 1702 December 21:
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David Jacob von Rauschendorff of a survey that he had made of the
borders between the Empire and Venetian Istria !?), shows that scme
military surveys had been made and some military preparations contems-
plated before Halley arrived. Rauschenderff was an Impérial engineer
and subsegquently he was responsible for carrying out works proposed by
Halley (Section VI, p. 136).

If a fleet was to be sent to the Adriatic to winter in an Imperial port,
it was evidently necessary that the administration in London should have
first-hand knowledge of the state of those ports, how many ships they
could accommeodate, whether they were all protected from storms and the
enemy, and whether stores and provisions could be ¢btained in the neigh-
bourhood. The existing maps and plans were certainly inconsistent and
contained, it would seem, no information about the depth of the water
or the state of the sea bed. All these were matters upon which Halley,
by the Queen’s own instructions, was to report.

While many maps of the Adriatic coasts and plans of the ports had been
prepared .and printed before Halley’s time, and although he says that he
consulted printed maps that were available in Vienna, he does not say
anywhere.what maps he was able to see, and it would probably be im-
possible now to determine which they were. Some recent publications do
however give an idea of the character of the maps in print in Halley's
day. In looking at them to see what Halley had available to him it has
to be remembered that the whole of the coast of Istria, from just beyond
Trieste almost to Fiume (or St. Veit am Pflaum as it was sometimes
shown on maps) was Venetian as were the islands and the coast south of
Carlopago (Figure 1). Consequently the only ports in the possession of the
Empire were Trieste and those along the coast from Fiume to Carlopago,
that is along the shore of the Canale della Morlacca, and so those are
the regions of which the delineation in contemporary maps concern us.
An handsome collection of maps of Istria which gives a comprehensive
idea of contemporary knowledge of those coasts, has recently been publish-
ed %), Trieste appears in more or less its correct position on every
map from the Tabula Peutingeriana onwards, but the harbour of Buccari,
which Halley recommended as the naval base, which he surveyed in de-
tail and subsequently fortified, is less certain. If, for example, we take
one of the best-known European cartographers of the seventeenth cen-
tury, Nicholas Sanson, we see in a map of Styria, Carinthia and Car-
niola %), that of Buccari and Buccarizza, the two little towns on the har-
hour of Buccari, the.smaller, Buccarizza appears on the very distort-
ed harbour and the larger, Buccari, is not shown, nor is Porto Re (now

1) Ibid. fol. 56—61.
13) Luciano Lago— Claudioc Rossit Descriptio Histride (Trieste 1981).
14y Ibid. Tav. XC.

Mittellungen, Band 33 ?
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Kraljevica), the port at the entrance to the harbour on the map. On the
other hand, the map printed by Ferrando Bertelli in 1569 !*) shows Buc-
carl upon its harbour, but neither Buccarizza ner Porto Re. The most
accurate maps of the region of Buccari available at the end of the seven-
teenth century seem to be those of Vincenzo Coronelli, Versions of dif-
ferent areas and different dates exist, but a map of the whoele of the
Adriatic with a reasonably accurate representation of the harbour of
Buccari was printed in 1688 %), Germany and Holland were also sources
of maps of the Adriatie, but generally they do not give a good idea of the
harbour of Buccari at the turn of the century. A further instance of the
unreliability of printed maps is provided by Trieste. Halley himéelf refers
to a little island to one side of the port, the Zuccho, connected to thk
mainland by a decayed mole, which may possibly have been of Roman
construction. Nowadays the Zuccho and the mele are built over by later
works (Mcio Fratelli Bandiere) including a small lighthouse, which to-
gether form a rather inconspicucus feature of the modern port. On many
of the maps dating from before the eighteenth century, the Zuccho is
shown as a separate feature almost as prominent as the city of Trieste
itself and much too far from the city. '

The maps that Halley saw in Vienna must have shown the harbour of
Buccari in reasonable detail, for before he went to the coast, he had
already formed the opinion that Buccari was likely to be the miost suitable
port, but it is always possible that he had manuscript maps available
that gave a more accurate view., A number of such maps survive in Vene-
tian archives and libraries, but wouid probably not have been known in
Vienna. There is also a great collection of manuscript drafts and. plans
and sketches of Istria and adjacent regions in the Steierméirk'isches Lan-
desarchiv in Graz, the work of Ivan Klobu#arié, an Augustinian friar
who was at one time prior of the Augustinian house in Fiume, and who
was charged by the Archduke Ferdinand with mal-ﬁng a complete survey
and map of Inner Austria, a task that he undertook between 1604 and
1605. A sketch map and a water colour view, both of which include the
harbour of Buccari, are quite accurate 1}, but it is unlikely that Halley
would have seen them in Vienna, and I have not noticed anything to
indicate that he studied maps in Graz.

There is also a manuscript map of 1702 in the archives of Graz 1", with
the legend Geographische Charte von Istrien und Welchergestaldten [hro

13) Ibid. Tav. XXXVI

16) Ibid. Tav. XCIV,

17} Reproduced in ibid. Tav. LXIX and LXX; for Klcbudatif see for examnple
Johannes I. Gavigan Iohannes Globucciarich in Q. 8. A. Analecta Augustiana
31 (1968) T4—50.

18y HK 1703-1V-62: fol. 133.
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Hochgriffliche Excellenz, der Herr General Feldtwachtmeister Herr Herr
Graff von Heister, bis endt Decembris 1702 die Confinen an denen See-
kisten, von Trieste an bis Fiume visitiret.

It does not extend so far as Buecari.

Manuscript maps of Istria and the Dalmatian coast are also to be found
in collections in Venice, in particular the Archivio di Stato, among the
records of such bodies as the Provveditori dei Fortezze dei Confine, but
they would not have been accessible to Halley in Vienna. The printed
maps that Halley would have found in Vienna in 1703 most probably dif-
fered considerably among themselves and he was later to comment that
they were very inaccurate and that where he could not check them him-
self, he could often not come to any conclusion,

Halley's survey of the coast and ports was preceded by a survey of the
land boundary between Imperial and Venetian territory in Istria made
by the Imperial engincer, David Jacob von Rauschendorff ™). It consists
of a main report (undated) with two appendices dated 25 October 1702 and
19 December 1702. The main report is an account of the state of towns
and fortifications along the border and is presumably later than the se-
cond appendix. The {irst appendix lists works that are needed to improve

- the fortifications of Antignana, the present Tinjan, and the second gives

similar details for Chersano, the present Krsan (both towns are on the
modern road 2a that runs inland from Parenzo, now Poreé). Although
Rauschendorff's report does not refer to anywhere that Halley wisited, it
is of interest in that it indicates the decayed state of Thany 'of the Austrian

towns as well as giving an idea of the activities of Rauschendorff, with
whom Halley was later to work.

v

English documents show that Halley received his instructions from the
Queen at the end of November 1702 and that he arrived at the Hague on
12 December, that he explained his mission to the Grand Pensionary, and
that he left for Germany about 16 December, arriving in Vienna on
10 January, 1703. He spent two weeks in Viennz waiting for his passes,
and set out for Istria on 24 January, arriving at Trieste on 1 February.
He wrote a short account of his survey of Trieste on 4 February and on
10 February he wrote from Fiume. He was at Segna on the 13th, wrote
again from Fiume on the 17th, from Graz on the 25th and reached Vienna
again on the 27th. There he assembled his material, prepared his maps
and wrote a report for the Emperor, who received him in audience on

10 March; Halley left Vienna for London on 17 March 20).

1% Ibid. fol. 56—61.
20) At this time the Gregorian calendar was In general use in the Empire
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Upon Halley’s arrival in Vienna, the Emperor and his Court Chancellor,
Count Julius Buecellini wrote to the Innerbsterreichische Hofkammer at
Graz to explain the nature of Halley's mission and to ask that he be assist-
ed. The Emperor’s letter, over his sign manual in ink, is dated 13 Janubry
and the Chancellor's, which is in very similar terms, is dated 17 Jan-
uary. The first letter is reproduced as Document 1 (bundle HK 1703-I-
53: fol. 15) of Appendix 2. Halley was accompanied in part of his tour
by a Sig. Antonio Andreassi who was designated as the Inspector General
of the Imperial Fleet, should one be created, and on 27 January (fol. 17
the Emperor wrote to the Hofkammer to introduce him and to say that
he would be bringing two thousand guilders, presumably for Halley's
expenses. In response to the Emperor’s letter of 13 January (fol. 15), the
‘Hofkammer wrote to officials at Trieste, Fiume, Buccari, and Segna, in-
structing them to assist Halley — the dates of these letters, of which the
drafts are conserved in Graz (fol. 1), and that of the first letter from the
"Emperor, show that the post could not have taken more than two days
from Vienna to Graz, which accords with the fact, noted above, that
Halley was. in Graz on 25 February on his way back to Vienna, and in
Vienna on the 27th. The Hofkammer wrote further to the same officials
on 1 February (fol. 2) but now included mention of Andreassi, having pre-
‘sumably received the Imperial letter of 27 January. It seems indeed that
the Emperor acted quickly upon Halley's arrival, although, in a letter to
England, Halley complained about the delays in the Imperial court and
that he had to spend two weeks in Vienna {cf. note 20).
Because he did not think Trieste suitable as a winter port, Halley did not
send more than a brief account of it to Vienna and London, but a much
fuller’ account of his survey is to be found in the report that the Governor
of the Clty, Conte Vito di Strasoldi, sent to the Hofkammer on 11 February
(Document 2 of Appendix 2: fol. 10—12r}). The report shows how Strasoldi
gave Ha11h|y information about the hinterland of Trieste and the provisions
that it afforded, and that together with Count Johann Ernst von Herber-
stein, the military Governor, he provided Halley with ships, introduced
him to experienced seamen, and accompanied him in his survey of the
port. It also summarizes the results of the survey, and enables some idea
of Tridste as it was at that time, to be obtained independently of other
sources, The survey is discussed below in Section VIII {p. 141—144),

and letters written from those countries were mostly dated by that calendar.
England still used the Julian calendar, which differed by 11 days from the
Gregorlan, and letters from England are usually dated in the Julian calendar.
Halley sometlmes gives both dates; English writers sometimes also denoted
Julian dates:by 8. V. (Stilo Vecchio) or O.5. (Old Style) and Gregorian dates
by S. N. (Stilo Nucvo) or N. 8. (New Style). So far as possible, all dates are given
in the text as Gregorian dates. — For the Instructions from the Queen see Cook
in The Journal of Navigation 37 p. 5, for the dates of his journey and his staying
in Vienna ibid. pp. 8--8.
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Strasoldi tells us that Halley left in haste, and that Andreassi followed
him, having apparently arrived later than Halley in Trieste.

No reports of Halley's visits to Fiume and Buccari appear to exist in the
archives at Graz, but Halley himself writes that he was in Fiume on
10 February and again on the 17th, having visited Segna and Carlopago
in the meantime (Figure 1; cf. note 9). A letter from a priest of the cathe-
dral at Segna, Marc Antonio Orbich, to the Hofkammer dated 15 Feb-
tuary, gives us the further detail that Halley arrived in Segna on 13 Feb-
ruary, that he left the following day Igf Carlopago and that he expected
to return on the 16th %), As will be seen in Section VIII, it is evxdent that
Halley made a thorough survey of the harbour of Buccari, either during
the few days between his departure from Trieste and the letter he wrote
from Fiume on 10 February or after 17 February.

When Halley returned to Vienna, he prepared his results in the form of
a Memoriall and three maps. As has already been mentioned in Section
IT (p. 126), a copy of the Memoriall ‘was obtained clandestinely by the
Venetian Ambassador in Vienna and now rests in the Archivio di Stato
di Venezia; Loredan was unable to obtain copies of the maps, which he
tells us were jealously guarded, but he did see them and described them
in a despatch to Venice. The Memoriall and the relevant parts of the
despatches are reproduced as Documents 3, 4 and 5 of Appendix 2. The
Memoriall contains essentiaily the same material as Halley sent to London
in a less formal way in his letters, but it omits the information about
stores and victualling contained in those letters. Thus Halley wrote to
the Secretary of State, Daniel Finch, Earl of Nottingham, on 25 February
from Graz;

"As to Navall Stores, here are none at. present, but very good masts of moderate
sizes grow in the mountains near the Sea Side above Zeng [Segnal; Hemp may
be raised in what quantity desired in Croatia, from whence and Hungary may
be drawn any quantity of Beef and Corn desired, Beef about a penny English
per pound, but good wheat delivered at the Seaside will cost ‘about 3¢ per
Bushell, and Pease 3* 6d. Pork is scarce here, and very little butter or cheese
and that bad, but in lleu therefore Oyle grows both at Fiume and Trieste, and
tis both good and cheap. Oatmeal is not known nor used here, but in lieu thereot

they use Rice brought from Lombardy. Wine of the growth of those parts is
also reascnable’ 22),

As a result of his general survey of the Imperial coast and of his more
detailed surveys of Trieste and Buccari, Halley confirmed the opinion
that he had formed from examining maps in Vienna, that the best port
for wintering a fleet was Buccari. He so reported in the Memorigll, and
went on to propese fortifications that should make it defensible against
enemy attack. He also states that he had laid out these fortifications on

) HK 103-1-53: tol. 5.
22) Public Record Office London (henceforth: PRO) State Papers (henceforth
SP) 80/20: fol. 145,
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the plan of the harbour of Buccari that he had prepared, and Loredan
reports that he saw them marked on the plan. Halley also specified what
guns should be placed in the batteries. Although Halley’s maps haye not
come to light, hie Memoriell and Loredan's report, when taken with
accounts of his second visit in which he saw the batteries constructed,
enable their sites to be located with some confidence (Section VIII).

Vi

It is evident that Halley's propesals for the fortification of the harbour
of Buccari were accepted in London, for even before he returned to Lon-
don Sir Charles Hedges, Nottingham's colleague as Secretary of State,
was writing to Stepney on 27 March:
HYou.must take care to move the Emperor that provision be made for the re-
freshment of our sea men and stores and necessaryes for the fleet and also that
Buccari be fortifled for the security of our ships according to Mr. Halley's
proposal with-all expedition™ #3),
and it was 1o doubt in response to that letter that on 18 April Stepney
‘andi the Ambassador of the States General, Count de Bruyninx, went
together to the Emperor, “hand in hand”, as Stepney reported to Lon-
-don, and presented to him a memorandum on the conduct of the war
including the following passage about the fortification of Buceari;

1
“Et sl comeav'é dell’apparenza de la ragione di Guerra unitarsi I'Interesse della
Vostra Maestd potrd richiedere ch'una parte della Flotta dovesse operare nel
Mare Adriatico il sopra mentlonata ministre della Regina d’Inghilterra ha ordine
di Sellecitare Vostra Maestd Cesarea ch’Ella commandl di tenere pronti sulli
lidi Austriaci le provisione necessarii per fornire rinfreschi ai suof matelotti e
le materiali propril per racconevare li vascelll; cose bene che di mettere il Porto
di Buccari in Stato di riceverli con Slcurezza facendo a tal fine fortificarlo,

secondo 1l dissegni che il Capitano Halley ha havuto l'onore di presentare a
Vostra Maestd Ceasarea” ),

A problem that was to bedevil the whole project is however already set
out in a letter of the Emperor to Count Johann Wenzel Wratislaw, the
Imperial ambassador to London, dated the 27th March (Doc. 6 of Appen-
dix 2). Ircn foundries for casting cannon did not it seems exist near the
Dalmatian coast and it was useless to build batteries if there were no
guns to place in them. The guns that Halley specified were much larger
and heavier than the field guns that an army would have and it would
probably have been impracticable to have brought them in by road from
other parts of the Empire, Thus from the first the Inner@isterreichische
Hoﬂkam:ner asked that the allied fleet itself should bring with it guns to
arm the biatteries, but the Enghsh government was most reluctant to do
that, for the sixty guns that Halley wanted were the armament of a

£3) BL Add. Mss. T058: 1703 March 18 (0. 8.).
) PRO SP 105/68: fol, 83.
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third rate ship of the line, The letter to Wratislaw 'is wtittén in the con-
text of the idea, then held in the Imperial court, of building an Adriatic
fleet of which Andreassi was to be Inspector General, but problems of
supply suggest that idea was never more than fantasy.

The bundle, HK 1703-IV-62, of the Graz archives, contains various letters
in which the Emperor gives instructions for fortifying Buccari accerding
to Halley's plans, as well as for strengthening the defences of Fiume, and
for the supply of provisions for the fleet. The engineering work was to be
directed by Rauschendorff, and in a letter of 21 April (fol, 35—42), the
Hofkammer reported to the Emperor that they had sent on the Imperial
order of the 18th April directly to Rauschendorif and the commandant at
Trieste by their Commissioner so that Rauschenderff should lose no time
in setting out for Buceari and Porte Re. (The instructions to the Commis-
sioner, Endtres, are reproduced in Doc. 7 of Appendix 2.) The Hofkammer
represented that more than one engineer would be needed, but they also
argued that the new man should not be subordinate to the Chief Engineer
von Hollstein but directly to the Hofkammer which was responsible for
Buceari and Porto Re. The Hofkammer itself zet out the difficulties of
obtaining large guns for Halley's batteries from local sources and asked
the Emperor to ask to have them brought with the fleet. The letter goes
on to set out what was being done to supply small arms 'and field artillery
to Fiume, Buccari and Porto Re, and also to obtain provisions for the
fleet. The supply of loeng guns, ,schlangen" or serpents, to Fiume, as
well as the works on the fortifications there, meant even more work for
the Hofkammer, who wrote to the Emperor on ‘14 April (fol: 98) about
putting the batteries at the Capucines and S. Lorenzo at Fiume in a
better state of defence. The Emperor replied to the Hofkammer's letter
of 21 April on the 23rd May (fol. 104-—105) and said that Hollstein would
soon visit Porto Re to see if an additional engineer was needed, that a
request had been put to the Netherlands and England that the fleet should
bring the guns for the batteries at Buccari and Porto Re, and.also thal
the Archbishop of Salzburg, Johann Ernst von Thun (1687—1703}, had
been asked to send foundry workers: Salzburg was the main metalworking
region of the Empire. ' '
Much of the correspondence in the archives of the Hofkammer — in this
case HK 1703-IV-82 — is concerned with the supply of food and other
provisions for the fleet, with the preparations of contracts with a merchant,
Simone Milesi (fol. 5), and with such instructions as that to the Haupt-
mann at Buccari on July 24 to have a butcher available (fol. 27—28).
The Hofkammer also reported that it was having the roads from Gorz
(Gorizia) to Trieste and on to Fiume, repaired (fol. 19—21, fol. 22).” t
Taking the letters of Halley himsel? with the records in the Hofkammer
archives, it appears that the engineering works proposed by Halley were
entrusted to Rauschendorff, and that the additional engineer or engineer:
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for - whom the Hofkammer had asked never came. The arrangements for
the supply of labour seem to have been that unskilled labour came from
the forced (corvée) labour of peasants according to the custom of she
kingdom of Hungary, and that that was arranged by the Hauptmann at
Bucecari, while the skilled labour, especially that of masons and carpen-
ters for the upper works of the batteries, was paid for with money brought
by the three commissioners, Endtres, Pacher and Cilli. In a letter of
22 September 1703 Halley says that the commissioners were very reluc-
tant to spend money on skilled men %),

Meanwhile the governmént in London was anxious to hear what progress
-was being made with the fortifications and on April 24 (April 13 O. 8)
Hedges wrote to Stepney:

“I desire you will let me know what they are dolng at Buccari and whether
they are fortifying it as Mr, Halley hath proposed %),

and again on Muy 11'(April 30 0. S.):

“You are directed to sollicite the fortifying of the port of Buccari and to glve
an account from time to time of their proceedings therein. The Queen will soon
send some bodi to see what progress they make and it is believed Mr, Halley
will scon be there again” 7},

In response to these instructions, Stepney made formal enquiries of Count
Buccellini and on 19 May he wrote to Hedges that he had asked Buccel-
lini for information in writing about the activities at Buccari and he
entlosed a translation of a paper from Buccellini:

“In pursuance to the instances which the English Envoy made, orders have been
sent ‘'to press the States of Inner Austrla, that Porto Re (according to Captaln
Halley's Project which having been communicated to them) should be forthwith
fortityed preferably to zll other places and be provided with Stores of all sorts
against the time that a squadron of the Allles Ships can arrive in those Seas,
And according to severall advices from thence these orders have in great
measure been executed; Engenler Rauschendorif having heen dispatch'd to Porto
Re with Mr Endres (Counsellor to the Hofkammer) who carry'd a Summ of money
for laylng in the necessary provisions ... We have notice of their being arrived
there the latter end April and that ail hands are at work. So there is no doubt,
.but ye Fleet upon thefr arrivall there will tind all things in a good posture of
Defence and quantities of provisions at tolerable rates”.

{Note by Stepney?):
“It {s the style of ye Chancery to call ye whole Bay of Buccari by ye name of
Porto Re which is the entrance into that Bay™ 28),

Stepney wrote again to Hedges on 2nd June after making further en-
quiries of Buccellini:
i *

%) PRO SP 80/20: fa]. 345. ,
20) BL Add. Mss. 7058: fol. 221
7) Ibid.: no folio nes.

) PRO SP 80/20: fol. 380.
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»1 enquired again this morning of Chancellor Buccellinl, what further infor-
mation He had of the preparations making at Buccari; And.I have received an
answer in writing under his own hand to this purpose; That the Fortiticatinns
are now in a perfect state of Defence, or will be 30 {n a little time. That' Count
Bruenes [Count Carl Weikhardt Breuner], the President of the Chamber in
those parts has assured Him a sufficient guantity of victualls are provided
and that their loss would be great if it should so happen that the Fleet should
not appear in the Gulph’ 9,

On 7 June Stepney wrote further to Nottingham:

“The fortifications about Buccari will be perfected in ten days according to
Captain Halley’s proposals” ),

That was too optimistic.

VII

It is clear that the Secretaries of State in London were not content with
the assurances that Stepney had had from Count Buecellini, and as indi-
cated above, Halley was asked to return. On 22 June, Hedges wrote from
London to Stepney:

“Mr Halley has received his money and. is_gone from hence .towards Istria™ 3).

Stepney had meanwhile written to Hedges {16 June):

"It will be an ease to me to have Captain Halley In these parts to look after
the fortifications and provisions which are things I do not understand and I,
should have been unwilling to rely on the assurances these Ministers can give
me, that all is in readiness, wherein they are apt to decelve both themselves
and others" 32),

No doubt Stepney was glad to hear, on 21 July, that Halley had left the
Hague, and indeed, he arrived in Vienna on 23 July with directions from
Nottingham for him to be sent on to Buccari to see how the works had
progressed. Stepney had an audience of the Emperor at which he presented‘
Halley, and orders were issued for Halley to be assisted in all things ),

The orders, of which copies were put in the archives of the English embas-
sy, were from the Emperor to the Hofkammer at Graz, from Count Buc-
cellini to the Hofkammer, and from Princé Eugen to Rauschentdorff.

In fact, the Emperor wrote directly to the Hofkammer on 24 July (HK
1703-1-12: fol. 19) to say that Halley was- coming himself, and the letter
in the embassy archives is a copy of one that Halley evidently took with

29) PRO SP 105/68: fol, 204; Buccellini’s holograph letter is at fol. 300—301.

10} PRO SP 80/21: fol. 31,

3) PRO SP 105/69: no folio nos. Istria is the Venetian peninsila which Halley
in fact never visited. The region that he did visit was called the Austrian Lito-
rale (Litorale Austriaco).

3) PRO SP 80/21: fol. 40.

3%) PRO SP 80/21: fol. 180, 1703 July 25: Stepney reports Halley's arrival;
fol. 168, 1703 July 25: report of Halley.
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him, and a further copy is in the archives at Graz in bundle HK 1703-
VII-89. Huccellini's letter, which is in Italian in the English embassy
copy, is to the president of the Hofkammer, Count Breuner, and asksythat
Halley should be told of all that he had done to prepare Buccari and other
ports for the needs of the combined fleet, so that good relations may be
malntained with the Queen of England, and he asks that Hailley should
be shown every courtesy 34),

The letter from Prince Eugen to Rauschendorif is the only one from the
Prince in the correspondence about Halley, and shows that the Prince,
who was by now President of the Supreme War Council (Hofkriegsrats-
prisident), was concerned himself with the preparation of the Adriatic
ports. The letter just asks Rauschendorff to show Halley all that had been
done at the ports, especially at Bucecari and Porto Re (Doc. 8 of Appen-
dix 2).

The Hofkammer had in the meantime written an account of their actions
to the Erﬁperbr on 24th July in which they set out what they had done
to obtain provisions and how they had ordered the officials at Buccari
and in the neighbourhood to lock for suitable timber for shipbuilding
and masts. They had also instructed their officers or counsellors, Count
Johann Ernst von Herberstein (who had helped Halley at Trieste) and
Endtres (who had been sent with money to Buccari) to prepare for the
arrival of the fleet and to welcome the admiral %),

Thete had thus been considerable administrative activity, but when Halley
arrived at Buccari he found it had not resulted in much construction on
the ground.

The Venetians had also observed Halley's return. Op 28 July, the ambassa-
dor, now Daniele Dolfin, reported to the Senate:

JE gia arrivaio e partito verso Buceari il Capitan Hall percorso da due Ingenieri
che vanno a rivider e stabilire l'operazione gla disposte per la sicurezza dl quel
Porto. Std procurato che parta ben impresso verso le publiche convenienze né
Fespressioni potevano desiderarsi pilt favorevoli, Resterad asslcurato In valida
forma quel ricovero perché si riflette che la flotta non né ha nel Mediterraneo
altro nel quale abbia pronta e sicura la retirata 29),

As on his first visit, Halley wrote regularly to Stepney in Vienna and
to Nottingham in London to report his findings and activities. On 25 July
he wrote that he had arrived in Vienna, that he had been presented to
the Emperor and that he had been shown the profile and plan of the
works that were supposed to be under way (see n. 33). He arrived in
Fiume on the night of August 4th and writing from there on 5 August he
says that he had been to Buccari and had found only the battery on the

I M) PRO SP 105/69: 1703 July 25.
35) HK 1703-IV-62: fol. 126—128,
) Archivio di Stato di Venezia Senato, Dispacei di Germania £. 186, ¢, 188.
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left hand side going in partly finished; a fuller account is to wait for a
view that they are all to take on the morrow. In the meantime, Halley
sends an account of a French attack upon Aquilea:

“As to the account you commanded me to give you of what news I ¢ould, plck
up at Grats or elsewhere, I must humbly beg your pardon, telling you, that at
Grats I only met the ill news of Aquilea, then three days old there [and conse-
quently then known at Vienna] which proves too true. I will serve rarely to
embellish the Paris Gazette, that 300 Francois should be able to carry by assault,
plunder and burn a citty once capable to hould out a siege againat the Emperour
Maximine [C. J. Verus, 238 A. C.]; but they will hardly tell how little damage they
have done in it, that once famous citty being then scarce any other than a heap
of rubbish, and a few inconsiderable cottages” 37).

Halley wrote again to Stepney on August 11th enclosing a letter for the
Earl of Nottingham. He found that besides the one battery he had pre-
viously mentioned, foundations for a second near Porto Re had been
cleared but no stone laid. The commissioners, he said, did not believe that-
a fleet would come that year so that it was not necessary to hurry, and
meanwhile they were drawing substantial daily payments for their time.
Halley tried to convince them of the need for haste, and assured Notting-
ham that they should have no peace until the business is done. He also
reported the appearance of two French warships, and smaller vessels,
before Fiume, The following week, on August 18th, Hailey was able to
tell Stepney that good progress had been made on the battery near Porto
Re with one hundred and fifty workmen, and also said that unsuccesstul
attempts to cast iron cannon had been made in the neighbourhood.,
Halley continued to press the Imperial commissioners and on Septembqr
1st he could report to Nottingham that the framework of the battery on
the right going in under Porto Re was complete and ready for planking
{on which the guns were {o be placed), while foundations had been laid
of a second battery on the same side, for 20 guns. He also reported that
the French ships had retired from the Gulf on the 19th of August because
they were very sickly. Further, on 8th September, Halley could tell Step-
ney that the third battery was very near finished and the foundations ot
the fourth, opposite the third across the harbour entrance, hgdibeen cleared
defences on the landward side were also being planned In fact, the works
were how close to completion, for on 15 September Halley reported that
the fourth battery was well under way and on September 22nd he wrote
to Nottingham:
“I Mave with all my skill, pusht on the Imperlal Commissioners here to finish
the works In hand, and have at length gotten our Port in the desired state of
defence, had we but the Cannon to place on cur Batteries, which are so disposed

as to defend one another in case of the landing of an Enemy, I have likewise
concerted with the Emperours Engineer [Rauschendorff] what may be proper

31 PRO SP 105/6%: no folio nos.
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1o be dene further within land, if the enemy should land at a distance, which
will be very difficult for him, both as to the march in a country so full of stones
a3 this is, and to the opposition he will find from the numerous Militia which are
kept well disciplined it being scarce possible to do anything here by surprise” ).

Halley's last letter is dated October 13th from Vienna, reporting that he
left Buccari on September 30th when the batteries were then in a state
to receive the cannon, and his final word is, that having intended to speak
with the Imperial officers about the cannon, he learns from Stepney that
they still hope to have them from the fleet 3%).

* Halley's letters give us a clear and at times sardonic view of how he saw
his responsibilities and the obligations of the Imperial officers and their
performance of them. How did things appear from the Imperial side?

The archives of the Innerdsterreichische Hofkammer contain two reports
by Endtres, the first from Porto Re on September 1st %) and the second
also from Porto Re on September 8th, and a further report from his fellow
commissioner, von Herberstein, is written from Fiume on September
28th *%). Based, it would appear on those letters the Hofkammer sent its
own reports to the Emperor on September 17th ¢!) and on Qctober 9th 4%,
According to Halley's letters referred to above, the state of affairs by
September 1st was. that the battery *“on the left hand side going in” had
been effectively finished, that one “under Porto Re" had been completed
"up to the ievel of the planking on which the gun carriages would stand,
and the foundations for a further battery on the same side as Porto Re
had been laid. Halley says that he was told by the engineer, presumably
Rauschendorff, that this battery would be finished in eight to ten days.
Endtres's letter of September 1st {Doe. 9 of Appendix 2} gives the same
information, and taken together the two letters show that the battery
on the left hand side going in is the one at “Scherchiza” (now Sriica)
. the first to be constructed whilst the third to be built, on the same side
of the entrance as Porto Re, is the one on the point by Buccarizza; it will
be' seen in the rext segnon that taken with later accounts of the site,
these statements enable the posmons of the respective batteries to be
established with 'some certainty. The description of the second battery,
“"under Porto Re™ is less informative, and the site is less certain, as is
that of the fourth, "over against” the third. Endtres also mentions a fifth
battery, and a note on Halley's letter of September 15th to Stepney, but
in a different ink from the main letter, reads:

) PRQ SP 80/21: fol. 345, 1703 September 22. All the other letters: Cook
In The Journal of Navigation 37 p. 21—23,

1388} PRO SF.80/21: fol. 418,

) HEK 1703-1X-11: fol. 4 {Doc. 8 of Appendix 2).

) HK 1703-1X-19: 3—4 and HK 1703-X-17: fol. 9—11.

41) HK 1703-X-11: tol. 7.

i) MK 1703-X-17: fol. 6—8.

-161-

“There are 4 Batteries of Stone for 58 great guns and one of Earth for 8 more’
in the inner valley on ye Lar bord side going in" ).

On 8th September Halley wrote that the stonework of the third battery
was nearly finished and that a start had been made on clearing the
foundations of the fourth; Endtres's letter of the same date likewise re-
ported further progress with the batteries, but it was more concerned
with stores and provisions and the supply of timber.

The letter of the Hofkammer to the Emperor of September 17th follows
closely in some of its werding that of Endtres of September 1st.

Count Herberstein's letter of September 29th to the Hofkammer sets out
the work that has been done and the report of the Hofkammer to the
Emperor dated October 9th is based on that letter and uses some of the
phrases. Herberstein wrote his letter at the same time as Halley was
about to leave Buccari, satisfied that he had done all that he could, and
that the defence of the harbour had been taken as far as was possible
without the cannon for his batteries.

The letter of October 9th of the Hotkammer was acknowledged by the
Emperor on October 24th, who noted what the commissioners had done
at Buccari and went on to discuss the problems of iron guns and whether
they might be brought in the allied fleets #), By this time it was much
too late for a fleet to come into the Adriatic and the allied fleet under
the command of Sir Cloudesley Shovell that had entered the Mediterranean
in July left it in October.

VIII

Halley himself said little of what he did at Trieste because he considered
the harbour too open to shelter a fleet throughout the winter. It should
be remembered that in the days of sail, crews and stores would usually
be removed from ships in harbour during the winter, so that a fleet in
those conditions would be vulnerable to enemy attack upon an undefend-
&d harbour as well as to bad weather if it were not protected from winds
and waves, Halley accordingly sought an enclosed harbour which would
give natural defence from sea and storm and which could easily be forti-
fied against enemy ships. Trieste did Hét satisfy those conditions, Buccari
did. Nonetheless, Halley made quite a careful survey of Trieste and an
account of it is given by Count Strasoldi (Doc. 2 of Appendix 2).

Figure 2 shows a plan of the city and port of Trieste as it now is, with.
the probable features of Halley's day placed upon it. There are extensive
reljes of the old city still in existence, in particular the castle and the
cathedral of 5. Giusto which stand together on' a' steep- hill, a Romar
theatre (which may have been buried in Halley's time) a.nd some ol

15 PRO SP 105/70: fol. 29.

) HK 1703-IX-18: fol. 3—4; HK 1703-IX-11: fol. 7, HK 1703-X-17: fol. —11
fol. 6—8, fol. 13—14,
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streets and buildings below the castle hill, but the present aspect of the
harbour is very different from that of Halley's day, in three man re-
spects. First, the area to the north of the old city which in the earlier
period was salt marshes and salt pans, is now covered by the city built
in the reign of Maria Theresa. Secondly, the railway station lies on made
ground beyond the former shore line by the Torre S. Pietro, a feature
that is recalled by a modern street of that name; and lastly, the whole
of the waterfront is lined with quays and moles that were constructed
mainly in the nineteenth century when Trieste developed as a port for
steamship trade through the Suez canal to the East. The Campo Marzio
‘survives in the name of a street and a district, but the Zucco which was
so prominent on early maps has been incorporated into a quay with a
small light upon it (Molo Fratelli Bandiere) that now shelters a yacht
harbour. For these reasons it is difficult to relate what Strasoldi says
of Halley’s surveys to the modern topography, and in particular construe-
tion and dredging must have changed the depths of the water. The old
port also has disappeared under modern roads and buildings and the mo-
dern waterfront lies slightly further seaward. Some points can however
be fixed, the castle and S. Giusto, the Zuccho, and very probably the old
shore line behind the modern railway station, for the present road to
Miramare by the station marks the foot of a stcep slope that seems to
have been a low cliff at the edge of the sea. The registration in Figure 2
depends on these correspondences.

I have already published a plan of the harbour of Trieste — in The Jour-
nal of Navigation 37 Figure 2 — according to Halley’s surveys but I now
believe that that was based on a misinterpretation of the distances and
depths given by Strasoldi. The issue turns upon iwo points — the value
of the passo used by Strasoldi, and whether Halley used the passo for
depths or rather used the English fathom. As to the first peint, all refer-
ences to distances in the correspondence are to the Italian passo and
the local one of Trieste seems not to be mentioned. The Italian passe was
most likely that of Venice, of 1.74m and not, as I previously suppoesed, the
classical Roman passus of 1.47m which is less than any passo of Halley's
day. I give' my reasons below for thinking that Halley measured the
depths of water in fathoms, but the value of the fathom, 1.83m is not
very different from that of the Venetian passo; consequently, it will not
Qe of great significance to convert the figures given by Strasoldi for the
depths of water to be equivalent to 1.83m and that is what I have done
in giving the depths on Figure 2.

Halley probably determined the positions at sea at which he tock the
depths of the water by triangulation from known points on the land, as
he described in & letter to Southwell %), Halley and Strasoldi both point

) Royal Society London Collectanea Newtoniana I'V (MNe 4 27), 1701 January
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out that the Zuccho, the smali island ioined to land by a broken down
causeway, could be fortified. They also both reported that the ground in
the bay is firm and clear of rocks and that ships at anchor may ride
firmly,

Halley tells us little of his surveys at Buccari for the good reason that
he made a detailed chart of the harbour which, with his other maps of
the head of the Adriatic and of the coast south of Fiume, he brought
back to London, as well as leaving copies with the Emperor in Vienna.
It is of course frustrating that those maps, which would no doubt tell
us much of the state of surveying and of cartography at that time, have
not so far come to light, but because they were seen by the Venetian
ambassador Loredan, and described by him in his dispatch to the Senate
(doc. 5 of Appendix 2), we do have a good idea of the nature of the chart
of the harbour of Buccari. A sketch plan based on modern SUrveys is
shown in Figure 3. The harbour is about 45km jong and about 1.0km
across at its widest and is entered through a mouth that is some 400 m
_wide at the narrowest point. Halley in his letters and the ambassador
from his sight of the chart agree on some key distances which in the Table
are compared with the distances on the modern Admiralty chart (Appendix
3). Evidently Halley's plan agreed reasonably well with modern mapping.
It is possible “to make more meaningful comparisons between Halley's work
and modern maps at Buccari than at Trieste because the harbour of Buc-
carl is surrounded by bare limestone hills and although there are some
industrial installations that did not exist in Halley’s day, it does not
appear that they would have changed the configuration of the land or
of the sea bed in any significant way. Thus when Loredan reports that
the depth of water in the entrance is 25 (given as a figure without units),
Wwe may compare it with depths on the modern chart in that position
which are indeed close to 25 fathoms in much of the entrance, and we
may compare Loredan's statement, that the depth of water inside the
harbour is shown by figures, 20, 18, 16, that diminish in proportion to the
distance from. the land, with the modern chart where we see depths with
almost exactly that range and that behaviour. It is for this reason that
I think that Halley measured the depths in the unit with which he would
have been familiar, the fathom, rather than the local passo, for the dif-
{erence between 25 fathoms and 25 passi of Venice is about 1.3 fathoms
and that seems too large a discrepancy between the figures seen by
Loredan and the modern values.

Halley also laid out on his chart of Buccari the locations of the batteries
that he proposed for the defence of the harbour. I published previously
(cf. note 1)'a somewhat speculative sketch of where the sites might be

27/2: "From Captain Halley to Sr. R. Southwell, about taking the survey of a
coast”,
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but further information has now come to my attention that makes the
locations more certain.-

The;e exists in the Hofkammerarchiv in Vienna a collectiom of maps
and plans (Kartensammlung C 16) that was assembled by Matthia Antonio
.Weiss in connection with plans for a new road (Via Carolina) from Trieste
‘vila Buccari to Carlstadt. Some of the plans were drawn by Weiss him-
self (for example, one of Trieste) but others were not. A plan of the har-
bour of Buccari (no. 14, fol. 37—38) is a version of one in the Xriegsarchiv
in Vienna (Kartensammlung G I h 62), and is asscciated in the Weiss
collection with a more detailed plan of the entrance (no. 15, fol. 39—40}
and a pen and wash sketch. of Porto Re and other parts of the entrance
(no. 186, fol. 41—42),

'None of the three decuments bears a date, but in the catalogue of the
Kriegsarchiv Kortensammlung the date of the large map is given as 1728,
The plans and view agree in showing batteries at points D, B, and C on
Figyre 3, but nothing is shown at point A, nor is there any sign of an
earthwork battery E. It is said that fortifications were laid out at Porto Re
in the reign of Charles VI, about 1728, but if the date of 1726 is correct,
the works shown on the plan and view of Hofkammerarchiv Kartensamm-
lung C 16 (nos. 14 and 16) must antedate those of Charles VI and can
cjmly be Halley's.

There is a further map in the Kriegsarchiv Kartensammlung, B IX b 89,
drawn by Antonioc de Verneda in 1733. It labels batteries at points A, C and
D of Figure 3 and has symbols that could indicate a battery at point B
but has no legend there. This map was produced in connection with ‘new
works’ at Porto Re (the fortifications of Charles VI?) and it shows the Via
Carclina with a branch to Buccarizza which is also to be found in the
Weiss.plang: Again there is no indication of the earthwork battery E.

In July 1983 I was fortunately able to visit Buccari in company with Pro-
fessor Munié of Rijeka (the old Fiume), and found that no remains of
any battery now exist on the shores of the entrance, but a book published
in 1871 by Archduke Louis Salvator of the House of Habsburg—Lothrin-
gen{(—Toskana) *) gives accounts of the ruins of {wo batteries that may
have been Halley's. The book is an account of the topography, flora and
auna of the harbour (or gulf} of Buccari in the form of a guided walk
around the harbour from the left hand side of the entrance going in, all
the way to Buccari, Buccarizza and Porto Re and so to the right hand
side of the entrance, and it includes a rather detailed map of the harbour
of Bu’gcari based on Austrian surveys of 1821 to 1867, with depths of
water in Wiener Ful and a scale of Wiener Klafter. Remains of two bat-

48} Anon. [Archduke Louls Salvator] Der Golf von Buccarli — Porto Re.
Bilder und Skizzen (Prag 1871).

-167-

teries are shown on the map, at the sites marked D and C on Figure 3.
Of the battery at site D Louis Salvator writes:

. - bemerkt man eine verfallene Strandbatterie (Batteria), weiche ehemals dazu
diente, den Hafeneingang und Porto Ré, welches sie vollkommen bestreicht, zu
vertheidigen. Sie liegt auf einem kleinen Vorsprung von zahnartigen Felsen und
hat drei Seiten, wovon die zwel lingeren, welche nach Sddwesten unter einem
stumpfen Winkel zusammenstossen, allein mit Schiessscharten versehen sind.
Dle Seite, zu der man zuerst gelangt, enthilt deren fUnf, dle zweite, menhr der
Hafenelnfahrt zugekehrte, neun* +7),

A total of 14 gun ports accords with the description given by Halley.
There is no proof that the remains that the Archduke saw in 1870 are
of Halley’s works, for there may have been later fortifications, but they
do appear consistent with the accounts of Halley and Endtres. They werk
not the only remajns in that neighbourhood however, for on Point Sriica
there was a small fort, now vanished, that the Archduke thought was
built in the sixteenth century, but with gun ports and outworks that
might have been later *%). Though neither Halley nor Endtres suggest that
they made use of pre-existing structures, it seems most likely that this is
the site of Halley’s first battery A.

Leaving the old Zriny castle (on the Porto Re side of the harbour} and
walking in a north-east direction to the rocky point of the shore the
Archduke noticed an old ruined house with ruined fortifications which
might be remains of a battery on site B 1), but he did not mention
anything at site E which seems to be an obvious place for a battery, per-
haps that of earth, being “in the inner valley on ye Lar bord side going
in" *), There were however, remains of a battery at site C, on the Punta
Gavrani¢, which is “by Buccarizza”, aithough the remains are across the
headland from Buccarizza. Of them the Archduke writes:

Etwas welterhin liegt eine Strandbatterie (Batteria), welche der Form des Vor-
sprunges folgt und auf dessen Felsen aufgebaut wurde, welche, wie auf der
gegeniiberliegenden Seite, die Mesembryanthemum itberwuchern. Sle weist noch
vierzehn wohl erhaltene Schiessscharten auf, unter welchen ein Cordonsims ver-
lduft: in der Mitte ist sie aber elngestiirzt, und die in das Wasser hinabgerollten
Mauertriimmer werden nun von den schiumenden Wellen umspitlt” ).

47y [Archduke Louis Salvator] Der Golf von Buccari p. 10.

iy Thid. p. 8—9.

a7%) Tbid. p. 106—107: ,.... Felsenspitze, welthe von dem kleinen, darauf ge-
bauten Werke den Namen Punta della Fortezza erhielt. Aut der etwas verflach-
ten Mitte der Punta steht ein verfallenes Haus, die Befestigungen aber nehmen
das Ende der Punta ein und bestehen aus einem dreispitzigen, aus geblichen
und schwirzlichen Steinquadern erbauten Bollwerke, welches ein Cordon um-
giirtet ... Eigenthitmlich sind die bel diesem Bau verwendeten, ganz gelben
Ziegel. Bis vor wenigen Jahren war das kleine Werk armirt .. -

48) Cf. p. 141 n. 43. Probably nothing was left of the earthiworks which would
have decayed by then.

49} Ibid. p. $7—88.

10
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In my previous article (c¢f. note 1) I suggested that the batteries would
most likely be sited at a height about the same as that of the deck of a
ship. The Archduke’s description of the battery at site D is consistant with
the plan and-the view in the Weiss collection for the view shows the
battery at some height above the shore, and Salvator speaks of batteries
high up on the rocks above the shore, The ruins may however have slip-
ped. down the hillside by the time the Archduke saw them. The site at
Porto Re is now covered by houses and other buildings, while that at E can-
not now be visited because there is a private road leading to the oil instal-
lations.

Altogether, according to the note on Halley's letter of 15th Septernber %),
the masonry batteries were to contain 58 great guns, or fourteen or fifteen
each, in accordance with the observations of the Archduke in 1870/71, but
in Halley's letter of September 1st, he says:

“We ... have likewise laid the foundaticns of another on the same side fas

Porto Re] which commands the entrance of the Harbour completely, and will be
of 20 Guns' 81),

This is clearly the battery at the site C, on Punta Gavranié, where
the Archduke saw 14 well preserved gun ports, but in a somewhat ruined
.structure, so that originally there may have been more. It is not now
possible to say how many guns were provided for in each battery.

The available evidence shows that there is a high probability that Halley
built four masonry batteries at the sites A, B, C, and D and that the last
three are those shown in Weiss's collection nos. 14 and 16. No signs remain
of the -earthwork battery E.

If' the state of mapping of the Dalmatian coast was rudimentary and
inconsistent when Halley set out for Austria, did his work have any
effect on subsequent maps?

IIt might not be expected that it would have, since his maps were kept
carefully in Vienna, and it seems that maps for twenty years after Hal-
ley’s visit were no better than they were before it. The catalogue of an
exhibition at Trieste in 19823 contains reproductions of a number of
maps of Trieste from the decades immediately following Halley's wvisit;
that of Bodenehr of 1720%%) is clearly unreliable and the first plans of
Trieste that seem reasonably accurate are those of Weiss before 1735 %)
and Pallavicini of 1734 %). Neither shows depths of water in the harbour
and there is no reason to suppose that they ewe anything to Halley.

50) PRO SP 105/70: fol. 29.

51} RO SP 80/21: fol. 302.

82) Fulvio Caputo (ed) Le Carte del I'mpero (Venezia 1982),

83) Ibid. p. 86 from Museo Clvico di Storia ed Arte Trieste, 11/570.

84) Ibid. p. 16 from Hofkammerarchiv Wien Kartensammlung C 16.

) Ibid, pp. 38, 33 from Kriegsarchiv Wien Kartensammlung, Inlend C IIJ,
Mappe D; Triest n. 12 {(scheda n. 2). )
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The delineation of the Larbour of Buccari on maps of the same period
is nc more reliable than on these of the decades before Halléy’s visit
and the first printed map that shows the harbour with any accuracy is
that of Florjanti¢ #). The detailed plan of Bodenehr$) shows a few
depths of the water in Klafter, as well as what might be batteries on the
shore at Sriica, but the plan is altogether erroneocus. One manuseript
map that may come from the ten years after Halley's visit was included
in the archives of the English consulaté in Venice. It is one of a set of
plans of Dalmatian ports and is among the papers for 1714, although
there is no date on the plans. They seem to bé a miscellaneous collection
with scales in different units and legends in different languages®), and
a version of the Buccari plan is in the Kriegsarchiv Kartensemmlung G
1a 162, Plan 17. The interest of the plan of Buccari §s| thatl it §hows forti-
fications “that might be buiit” in roughly the places that Halley pro-
posed, so raising‘the question whether the unknown surveyor {perhaps
Oberingenieur Hans Friedrich von Hollstein) had some knowledge of
Halley’s work.

X

No allicd fleet ever entered the Adriatic nor made use of ‘Halley’s sur-
veys and batteries. A {leet under the command of -Sir Cloudesley Shovell

did enter the Mediterranean in 1703 but it was so delayed by Dutch

% Lago-Rossit Descriptic Tav. CXII is a reproduction of Ducatus Car-
niolae by Joannes D. Florjandié de Grienteld, published nLabaci® 1744; the sec-
tion with Trieste is reproduced on a larger scale on p. 226, and that of Buccari
on p. 230,

%) Reproduced in E. Schwarzenberg La cittd murcta di Fiume e la
costa liburnica in una pianting di Gabriel Bodenehr (Flume 1976) p. 5—47.

88) PRO Maps and Plans F (henceforth MPF) 352, originally in SP 99/60
fol. 419—423. Therc are altogether five maps in the same style, on sheets of
the same size, of Fiume, Buccarl and Porto Re, Segna, Jablanac and Carlopago.
Two of them are signed by Oberingenieur Hans Friedrich von Hollstein, no
doubt the same person as referred to in the letter of 21 April 1703 from
the Innerdsterreichische Hotkammer to the Emperor: HK 1703-IV-62: fol. 30—42.
The Buccari map in MPF 352 is slightly larger than the version of the Kriegs=
archiv Kertensammlung G I a 102 Plan 17, its lettering is larger and more regu-
lar and elaborate. The words of the description are the same, except for sorne
small differences in spelling; in fact the Kriegsarchiv map shows a more archaic
spelling when using ,.,newe*, ,lavirt" and ,gebawt" {nstead of Sneue’, laviert
and ,gebauet' as on the map of the English consulate. The Kriegsarchiv Karten-
seammlung not only includes the maps of the four other perts Fiume, Segna, Ja-
blanac and Carlopago, but they are part of a series of about 50 maps of
the same style, some signed by Hollstein. — Associated with the five (English)
maps there is a description of them in PRO SP 99%/80, fol. 417—418: wDescrip-
tion of the 5 Imperial Ports in the Gulph of Venice" with brief undated
explanations in French, There is nothing to show why the maps and their
descriptions were included in the archive_s of the English consulate at Venice.
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reluctance and adverse winds in the English channel that it could spend
only a few months there before having to withdraw before the winter.
The fpllowing year saw the first of major shifts of fortune at sea. Gibraltar
was captured by English forces, the French fleet was effectively aestroyed
in harbour at Toulon, and finally, in 1706, Port Mahon was captured, to
serve thereafter as the main English base in the Mediterranean; the French
could no longer operate in the Adriatie, and the main English and Dutch
land effort in the war was to be in the Low Countries, while the Empire
was occupied with the revolt in Hungary. The project of naval action in
the Adriatic was briefly raised again by Stepney in 1706 %"} and there-
after no more was heard of it.

"For Halley there was a rather direct consequence — it seems clear that
it was his work for the Administration in Austria that led to his elec-
tion to the Savilian professorship of Geometry in Oxford which had be-
come vacant while he was on his way-back to England %),

Although-the story of Haliey's year of 1703 seems to lead nowhere except
to his election to the Oxford chair, it does nonetheless extend our knowl-
edge of Halley himself and of aspects of early eighteenth century admin-
istration and technology as well as of the difficulties of the allies in the
War of Spanish Succession. Halley's ability to manage men, to get things
done, and his skill as navigator and surveyor were already known from
the accounts of his cruises in the Atlantic and the English Channel of
the, preceeding years and they receive emphasis in his letters and the
“accounts that they give of his drive in getting his batteries built. That he
was a military engineer is a new aspect of his capacities. Were only his
maps to come to light, we would no doubt gain more knowledge of the
state of marine survey as he practised it. .

t the same time, the story of Halley on the Dalmatian coast reminds
us of the difficulties of pursuing any large enterprise in early modern
times. It took about a month for a courier to take a letter from England
to Vi:enna or Venice, so that information was often out of date when it
arrived, and a great deal of latitude was necessarily left to commanders
or diplomats on-the spot to act as they thought best in accordance with
general directions. Naval operations suffered under many handicaps, of
which two are particularly evident in the story of Halley's mission. Sailing
ships depend on the winds, and plans could be quite deranged by un-
favourable winds as Sir Cloudesley Shovell's fleet was prevented from
leaving the English Channel for the Mediterranean in the summer of
1703. Another evident handicap was the inadequate state of many charts
and the lack of any general world-wide systemn of charts such as the

89) PRO SP 80/28: fol. 120,
80} Alan H. Cook The election of Edmond Halley to the Savilian Professor-
ship of Geometry in Journal of the History of Astronomy 15 (1984) p. 34—36.
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British Admiralty charts now supply and that would enable a ship to
navigate in any sea. The difficulties with the supply of guns for Halley’s
batteries remind us that metallurgy was still often unreliable. England,
France and Holland could cast the largest guns that could reasonably be
carried on board ship, while the guns that were produced in the Ottoman
Empire were known to be unsafe. It is curious that while the relief of
Vienna from the Ottoman besiegers on 12 September 1683 had come from
superior artillery, Austrian founders, at least in Inner Austria, could not
produce satisfactory naval cannon.

In retrospect it must seem that the-idea of sending a squadron into the
Adriatic, however desirable, was not practical. The construction of a
fleet of ships of the line was the greatest industrial activity of early mo-
dern times, and besides the shipyards themselves, and iron founding for
the great guns,.it Tequired many other contributory enterprises. Naval
stations such as Deptford or Portsmouth or Toulon were not only hives
of activity but behind them were regions like the Weald of Kent devoted
to metallurgy and forestry. Buceari, Buccarizza and Porto Re were tiny
places, as they are still, with only twenty houses at Buccarizza so Halley
tells us, and they could never have housed throughout the winter the
crew of a squadron of perhaps ten ships of the line that would have
amounted to about five thousand men; nor, small ports that they were,
had they the rope yards or the timber stores or carpentry-shops, naot
to speak of the gun foundries that were the cause of so much debate.
Hemp and masts might grow in the hini:erlandL but there cannot havé
been the same means of working them at Buccari on the scale needed
for warships. Victualling also would have been very difficult. The Hof-
kammer gave orders for supplies to be obtained, but there would have
been no warehouses for the stocks of wine and wheat, no yards for the
live oxen, no slaughterhouses or butchers' shops to provide for five thou-
sand men. _ l ‘
An air of frustration hangs over Halley’s missions, but they are still of
great interest, not only for what they tell us about Halley, and about
surveying and map making and fortification, but alse because they came
at a turning point in Mediterranean and naval affairs. The foray of Forbin
into the Adriatic, the bombardment of Trieste and the burning of English
ships at Malamocco within the lagoon of Venice itself, happened because
the dominance of Venice was at an end. Thereafter it was the northern
sea powers, and especially England, that were to contrel the Mediterra-
nean for two hundred and fifty years. It is intriguing that some of our
understanding of this erucial period in European sea power should come
from the archives of an Empire that was not then.a maritime power and
indeed was only to become one of significance much later, in the nine-
teenth century.
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APPENDIX 1

List of significant docurnents relating to Halley in the archives of the
Innerdsterreichische Hofkammer in the Stelermirkisches Landesarchiv at

Graz:

Konvolut HE 1703-1-53
fol. 1: 18 January

tol, 2;: 1 February

fol. 3: 3 February
fol. 5: 15 February

fol. 8: 10 February

tol. 10-—[2: 11 Febfiiary

{0'.13: 17 Japuary
fol. 15: 13 January
fol. 17: 27 January
fol, 19: 24 July

Konvolut HK 1703-1V-62
fol. 1—3:

fo1.'5: 21 April
fol 31, 35: 11 May

{ol. 39—42: 21 April

fol, 45—55: 29 December
17021

fol. 56—59: undated

fol. 97, 100: 18 April
ol. 98: 14 April
{ol.101; 21 April

tol, 104—105: 23 May

Draft letter to Trieste, Fiume, Buccari and Segna,
to assist Halley.

Similar draft, with mentlon of Andreassi. Halley is
ail'incognito.

Draft letter about Andreassi.

Letter from Marc Antonio QOrbich at Segna to Hof-
kammer reporting assistance given to Halley.
Further letter from Fiume requesting assistance
given to Halley,

Count Vite Strasoldi to Hoefkammer reporiing Hal-
ley's surveys at Trleste and that he had gone on to
Fiume {Doc. 2 of Appendix 2).

Letter from Imperial Privy Council {Geheimer Rat)
introducing Halley and asking that he be assisted.
Imperial letter that Halley should be assisted (Doc.
1 of Appendix 2).

Imperial letter that Andreass! should be assisted.
Imperial letter for Halley to be assisted (on his se-
cond visit).

Drafts concerning preparations for the expected
allied fleet,

Notes for a contract with Simone Milesi,

Two latin letters from Segna; the see is vacani but
supplies will be provided for the fleet.

From Hofkammer to Emperor, reporting their actions
in preparation for the fleet. Rauschendorft has been
despatched to Buccarl to construct fortificatlons as
laid down by Halley, but further engineers are
needed; small arms are being provided and provi-
sions arranged.

Long report from Count Hannibal Joseph von Hei-
ster with postseript about affairs of Fiume and
Istria and reference to Rauschendorff. Protection
sought from French incursions.

Report from Rauschendorff on the state of defences
on the boundary with Venetian territory in Istria,
with appendices dated 28 October and 19 December
1702 (tol. 60—61).

Imperlal Privy Council (Geheimer Rat) to President
of the Hotkammer Count Carl Weikhardt Breuner.
Hotkammer to Emperor about repairing the batte-
rles at Fiurne.

From Imperial Privy Council with instructions about
Buccarf and Porto Re.

Emperor to Hofkammer concerning fortification of

~17 3~

fol, 107—108: 18 July
fcl. 11%: 30 April

fol. 116: 21 April

fol. 126—129: 24 July
fol. 131: 31 July
fol. 133:

Konvelut HK 1703-VI1I-89

fol. 1—5: 30 July
fol. §—9: 27 July

Konvolut HK 1763-1X-11
tol. 4: 1 September

fol. 7: 17 September

Konvolut HK 1703-1X-19
fol. 1: 10 Qctober
fol. 3—4: 8 September

Konvolut HK 1703-X-17

fcl. 1—2: 9 October
fol. 6—8: § October

fol. 89—11: 29 September

fol. 13—14: 24 October

APPENDIX 2
1

1703 January 13, Vienna

Buccar! and Porto Re and preparations for the arti-
val of the fleet.

From Emperor about arrival of fleet.

From Hofkammer to Commissioner Endtres concern-
ing the contract with Simone Milesi about buying
cattle, .

Hofkammer to Endtres, with his instructions to de-
part for Porto Re to arrange fortifications and vie-
tualling (Doc. 7 of Appendix 2).

Hofkammer to Emperor reporting actions.

Emperor to Hofkammer, concerning Halley's return,
Map of Istria as of December 1702 by Count Heister,
see fol. 45—153, report of 29 December 1702,

Drafts of {our letters about Halley's second-visit.
Emperor to Hofkammer concerning Halley's return;
shorter version -— given as a kind of credential to
Halley personally — of the Emperor’s letter of
24 July (HK 1703-1-12, fol. 19).

From Endires to Hofkammer; progress of fortifica-
ticns under Halley's urging (Doc. 8 of Appendix 2).
Hofkammer to Emperor; repart of Endtres’s actions.

Dratt letter to Commissioners.
Report to Hofkammer from Endires at Porto Re.

Dralt of letter at fol. 6—8.

Letter from Hofkammer to Emperor, reporting ac-
tions of Count Johann Ernst von Herberstein.

Report to Hofkammer from Count Johann Ernst von
Herberstein at Fiume about actions at Buccari and
Porto Re,

Letter from Emperor to Hofkammer, concerning iron
guns for the batteries at Buccari,

Emperor Leopold I to the Innerosterreichische Hofkammer at Graz

Orig.: Steiermdrkisches Landesarchiv Graz, Hofkammer 1703-1-53, fol. 15.
Hoch- und Wohlgebohrne, auch Wohlgebohrne Edle, liebe getreue. Wir
erindern Euch gnidigist, walmassen der Konigin in Engellandt Liebden
Einen Wohlerfahrnen obristen, Edmund Halley genant, zu dem Ende in
Unsere Erblinder geschickhet, auf daB Er sambt seinen mithabenden
Leuthen Unsere an dem Adriatischen Meer ligende hi#ifen besichiigen,
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auch deren dieffe und standt Erforschen, und waB etwo sonsten darbey
zu thuen wahre, an die handt geben, nicht weniger auch, ob in Unsern
drinnigen Lidndern die Néthige requisiten zu reparirung der Kriegsschuff
und die sonst fiir dieselbe erforderliche provisionen zu bekhombefi seyndt,
sich inforthiren solte; solchemnach Wir Euch hiemit gnadigist befehlen,
daf} Thr gedachten obristen sambt seinen Leuthen nicht allein alle Civilitet
und Hofflichkheit erweisen, sondern Ihne auch gemelte seine obhabende
Commission frey Verrichten, die Verlangende Informationen erthaillen
und Thne mit allen dergestalt an die handt gehen sollet, damit Er in Einem
und andern Einige Unzufridenheit zu tragen nicht Ursach haben mége,
wie Ihr dann deme schon rechts zu thuen und derentwegen Euren Unter-
habenden beambten die Noturfft Ernstlich anzubefehlen wissen werdet,
Wir bleiben Euch anbey mit Kayser- und landsfiirstlichen gnaden Wohl-
gewogen.

Geben in Unserer Statt Wienn, den 13ten Januarii im Sibenzehenhundert-
unddritten, Unserer Reiche des Romischen im finffundvierzigisten, def3
Hungarischen im achtundvierzigisten unnd des Bthaimbischen im Siben-
undvierzigisten Jahre.

2
1703 February 11, Trieste

Count Vito Strasoldi to the Innerdsterreichische Hofkammer at Graz

Orig. holograph: Steiermdrkisches Landesarchiv Graz, Hofkammer 1703-
I-53, fol. 10r—12r,

Eccelsa Aulica Camera. Capitato in guesta citta, il Signore Colonello
Edelmonde Halley speditto dalla Maestd della Regina d'Inghilterra a
riveder queste riviere Austriache a scandagliﬁr l'acque e prender altre
informationi necessarie, io con tutta assiduitd e prontezza humile in ese-
cutione del gratiose ordine di catosta [= codesta] Eccelsa Aulica Camera
delli 16 spirato Genaro, gh prestai non solo ogni allistenza {= assistenza)
et in ormatione, ma anco con tutta la possibile civiltd e cortesia l'ho
{ratenuto e nguardato

Per primo lo fecci restar informato che nelli stati e provincie Austriache
non solo si potevano con faciltd havere abbondantamente tutti 1i neces-
sarii materiali per bisognio delli vascelli da guerra, come ferri, legni, telle,
cdrdaggl, pece et altri occorenti, ma anco tutte le necessarie provigioni
di carni, vini e farine per proviandarli ogni cosa a prezzi competenti e
soportabili, introducendolo in altre dalla facilita, dalle condotte della quan-
titd de nolli che si pagano, e delli paesi de qualli si puono senza molta
difficolkd estrahere tutte li sudette robbe,

Per secondo lo fecci restar informato della situatione del paese, del quale
ello dilligentamente prese in carte la sua positura con 'annotatione delle
sue distanze,
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Per terzo lo fecci provedere di barche e chiamati li marinari pia veechi e
pratici di questi mari, accompagnandelo io in persona, si portd a far scan-
dagliare l'acque ove si dovevano servire li vascelli di porto in faccia di
questa cittd e fortezza e ritrovd una somena [!] in distanza da terra, cicé
30 in 60 passa geometrici lontano, 4 passa e mezzo d'acqua, in lontananza
da terra di 70 in 80 passa, I'acqua si trové di 5 in 6 passa et in lontananza
di passa 100 in circa, I'acqua si trovd alta 6 in 7 passa sino vicino all'Isola
del Zuceo lontana 700 in 800 passa della cittd ove si trové 'acqua alta
8 in 9 passa.

L'Isola pol dal Zuceco si trovd haver di circumiferemza 30.e. pili passa
geometrici con fondamenti fermi e stabili quasi tutti di scolgio, ove giu-
dicd non solo utile e profitevole ma necessaria l'eretione d'un fortino,
e cosi la ristauratione del molo o sia strada che da detta Isola si congionge
con la punta di Campo Marzo in terra forma di lungezza [!] circa 200 passa
con che non solo si potrobbe [!] apporre in sicurezza il posto dalli Veneti,
ma si assicurarabbe [!] dalli attentati nemiei i1 porto stesso e la cztta tutta.
La spesa poi per tal erretione non giudicata come né pué esser grande, per
esser il fondo dall'Isolletta quasi tutto scolgio e secho e percid facilissima
a fabricar sopra, et la strada o sia molo dall’ Isola alla terra ferma di
Campo Marzo di simil qualitd e gid con bucna parte de suoi fondamenti,
essendo altra volta ab antiquo stata erretta.

Dalla detta Isoletta poi del Zucco si trasportd per dritta linea alla punta ‘)
detta di Musiella che li sta incontro, lontano una dell'altra eirca mille e
300 passa che formano la boca dal porto, et in questa distanza scandalgiata
l'acqua ne trové per tutto 12 passa sino vicino alla'detta punta di Musiella
circa 80 passa che si ridusse a 5 passa, qual punta di Musiella pure sta
distante dalla citta 1000 passa in circa.

In tutto questo circuito di posto che arivera circa tre miglia italiane, o siano
3000 passa, il fondo si & trovato ottimo e sicuro per tener fermili vascelli
sopra l'ancore, oltre che puono avicinarsi volendo in terra a fine di legarst
con le loro 50 ... 5 e corde. Questo e quanto posso humilmente informare
circa la mia assistenza e l'operationi di detto Signore Collonelo Haltey, in
resto poi nel mentre che si facevano questo osservationi capitd in una
barcha il Signore Conte Comandante &' Herberstein, quale io invitai nella
mia barcha ove anco se ne vene, non essendo io mai contrario che tutti
unitamente concorino ad assistere ove si trata del bon servitio di Sua
Sacra Cesarea Maestd per promovere ... %) vicibus di lei avantaggi detto
Signore Conte Comandante s'espressd ancho di tenir ordini gratiosi con
simili alli miei in questo particolare, quali perd io non vidi, si che sara
noto a cotosta Eccelsa Aulica Camera, se gli siano statt transmessi, o no
finito poi dal Signore Halley sudetto le sue operationi, si partl verso Fiurne
a cui ho esebito ogni mia assistenza, anzi l'istella compagnia dal mio secre-
tario, qual esso stimd superflua per essersi introdotte ad accompagnarlo il
tenente di questa fortezza Alesandro Cechini, capitd poi pid il Signore
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d'Andreassi con ordine gratiose di cotesta Eccelsa Aulica Camera, a cui
participai tutto l'operato, ma per egser gid partito il Signore di Halley, il
detto Signore di Andreassi lo seguitd, promettendo poi il suo ritorno a
Triste [!] al quale in tal cosa non mancherd d'ogni assistenza et informa-
tione col raccomandarmi alla gratia mi inchino,

Triste, lo'11 febrald ¥703.
a) Orig. quinta, — ) Orig. destroyed. — c) Space left to add a word.

3
1703 March 3, Vienna

Francesco Loredan, Venetian ambassador in Vienna, to the Senate of
Venice

Orig.! Archivio di Stato di Venezie, Senato, Dispacct di Germania, filza 185,
ce. 287v, 288r. — Cop.: HHStA Wien, Staatenabteilungen Venedig, Dispacci
di Germania; vol, 185, pp. 330 §., de anno 1880.

Hieri & ritornato dalla sua espeditione il Capitan Hall, Applica presente-
mente a prodduire le sue informationi e diligense a questa Corte per poi
passare personalmente a spiegarle alla sua Regina. Io non ho havuto tempo
né occasione di vederle, né d'internarmi con esetiezza nelle notitie che
desidero, al qual fine certo non mancard d'ogni studic per tutto rassegnare
a publico lume. Cié che mi & sortito rittrarre da breve e passaggiero dis-
corsso dell'inviato Brittanico é: che ha esaminato tutti li porti e le spiaggie
Austriache da Trieste fino Carlobago, scandagliando il fondo de' canali e
de' porti, misurando la loro capacitd, rillevando i confini con lo Stato
Veneto e tutto riducendo in pontuale disegneo. Io non dispero di vederlo,
. ma non spero dihaverne copia. Confermo poi che sopra tutti esaltava il
porto di Buecari, che disse trovar piu comodo, pin capace e sicuro di Tolon
medesimo e di molti altri porti pit famosi; haver l'imboccatura assai stretta
e che erretti sopra le due punte di terra della medesima due piccioli forti,
sarebbe da qualunque forza nemica diffeso 1'ingresso, cosi che potrebhe
trattenervisi una squadra anche nellinverno senza l'apprenssione d'alcun
pericolo né da venti né da nemici. Mi fu osservabile questo ultimo tocco
di supposta permanenza anche nell'inverno, benché per lo pitl tutti li
discorssi non habbiano fondamento, né tutte le idee sempre'effetto. Intanto
tra i raccordi che saranno suggerriti da questo perito non é quasi a dubi-
tarsi, sard quello di promovere le sudette fortifficationi. Chi rifflette alla

_solita incuria, tarditd e penuria di denarodi questa Corte, dovrebbe credere
che, quando anche non havesserc Iuogo altri riguardi, facilmente potesse
trascurraréi o almeno non esser si pronta e fervorosa l'essecutione. Pure
in questo caso potrebbe apprendersi che la Camera di Gratz avidissima di
simili novita, e che non manca di mezi, fosse per dar contanti e calore
all'operatione.
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4

s d.
Captain Edmond Halley's ,,Memoriall" to Emperor Leopold T

Cop.: Archivio di Stato di Venezia, Senato, Dtspacct di Germama j:Iza 185
¢, 317r—318r (obtained by Francesco Loredan). — Public Record Off'lce
London, State Papers 105/67, fol. 418r—-419v (from the archives of the
English embassy in Vienna, slightly differing from Loredan's copy). —
HHStA Wien, Staatenabteilungen Venedig, Dispacci di Germania, vol. 185,
pp. 360363, de anno 1880,

Sacra Cesarea e Real Maestd. Essendosi compiacciuta la Maestd Vostra
Cesarea non solamente di concedermi la libertd di visitare le costiere
maritime e suoi porti nell’Adriatico per riconoscer in essi qual fosse la
speranza de’ comodi, secondo mi era stato comandato dalla Serenissima
Regina d'Inghilterra mia padrona, ma ancora essersi comp1accuxta clemen-
tissimamente di far dare gl'ordini pid proprii perché mi venisse sommini-
strato ogni aiuto accidé potessi dar effetto all’opra et in primo luogo per
la navigatione e sicurrezza in essi mari de' vascelli da guerra che vi potes-
sero pervenire; havendo dunque principiate a riveder le carte, che da di-
verssi auttori song state messe alle stampe, e trovatele molto fallaci nel
vero in prattica: mi son dato l'ardire di formare una deite medesime di
tutte le costiere della Maestd Vostra e dell'isole convicine che ho potuto
riconoscere la quale mi rendo ardite di presentare alla Maest3 Vostra.
Doppo di che mi sono trovato in obligo di osservare qual sicurrezza vi
fosse contro le fortune de’ venti che spesse volte si sentono in e$si mari,
particolarmente l'inverno, et ho riconosciuto che per tutto il Canale di
Morlacchia correndo le coste di ferra ferma d'ubidienza della Maesta
Vostra Cesarea all'opposto dell'lsole di Veglia, Arbe e Pago li vascelli
possono ben star sull'ancore, essendo il mare netto e privo di segatori, ma
la gran profondita dell'aque rende un pocco incomode il darvi fondo.
Venendeo poi alli porti di dominio di Viostra Maestid Cesarea ne’ quali possa
esservi sicurrezza da una podercsa armata nemica, non ho saputo ritrovar
altro che quello di Buccari, essendo buonissimo e capace di numerose nave
da guerra, dilatandosi nella lunghezza per lo spazio di circa di tre miglia
italiani e la bocea non pid larga di passi duecento, di modo che si pud
facilmente assicurare con batterie di cannoni, rendendosi in tal modo im-
propio il cimento di volerne tentar l'entrata, ogni volta venga con simil
maniera fortifficata, essendomi preso l'ardire d'annotare.le hattarie ne’
luoghi proprii sopra il dissegno dello stesso porto che unitamente alla carta
geographica ardisco presentare alla Maestd Vostra Cesarea, giudicando
neccessario per la guarniggione delle mede[si)me battarle sessanta pezzi
di cannone, cio# quaranta da dieciotto e venti da dodeci, dovendosi ripar-
tire i medesimj alla dovuta ripartizione, convenendosi la grossezza della
palla, perché dalle picciole non molto patiseono le navi grosse, et il numero’
de’ cannoni, perché tentandosi l'entrata dalle navi nemiche con vento
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fresco, si rendera quasi impossibile il far piu d'un sparro; et circa la pro-
vista d'essa artigliaria potra la Maestd Vostra Cesarea degnarsi dare a
suol ministri gl'ordini pit solleciti perché vi sia condotta in tempp, tanto
pill che basterd esser di ferro, della quale o ne’ proprii stati deila Maesta
Vostra Cesares o altrove non mancard modo di prontamente provederla.

La fabrica poi delle predette battarie la stimo di non rillevante spesa,
ritrovandosi sopra il Iuogo tutto iI necessario e solo la rena dovra condursi
da Fiume che si riduce al solo camino di due ore. In oitre stimo neccessario
che clementissimamente si degni ordinare che si riconoschino ne' proprii
boschi le qualitd degl'arborl per navi accid che ad ogni bisogno possa
sapersi ove trovarll. Cosl che resti pronta ogni pit regolata dispositione per
la provista sollecita di tutta quella provianda che sar stimata propria alla
neccessitd d'un mantenimento delle navi che potessero passare nell'Adria-
tico.

Con che sospirando d'haver la consolatione che con questo mio viaggio
oltre I'obedienza prestata alli comandi deila mia Serenissima Regina d’ha-
vere incontrato le fortune di servire a vantaggi della Augustissima Sua
Casa e Persona humilmente prosirato al Suo Imperial Trono m’inchino.

5

1703 March 17, Vienna

Francesco Loredan, Venetian ambassador in Vienna, to the Senate of
Venice

Orig.: Archivio di Stato di Venezia, Senato, Dispacci di Germandia, filza 185,
.cq. 30rv—311r. — Cop.; HHStA Wién, Staatenabteilungen Venedig, Dis-
pacci di Germania, vol. 185, pp. 353—356, de anno 1880.

" Allo studio delle mie fervide e caute diligenze & in fine riuscito haver copia
‘della relatione del Capitan Hall presentata a Sua Maestd Cesarea doppo
le ossérvationi del Littorale Austriaco. Viene rassegnata a publico lume
come haverei desiderato poter fare anche de’ dissegni che hebbi occasion
di vedere, ma non fin hora d’haverne copia. Li medesimi perd non conten-
gono osservationi di essentiale novitd o rifflesso, oltre quelle pit distinte
del Plorto di Bueccari, Occupa questo un dissegno particolare in cui si vede
distintamente dellineato I'ingresse o l'imboccatura larga incirca 200 passi.
E segnata la profonditd dell'acqua nella medesima di 25 e comparriscono
abbozzate due battarie per parte per diffenderla. Nella parte interna si
stende poi il maggior seno versso Buccari e sard incirca di due miglia
italiane, continuando l'altro alla parte opposta versso Bucarizza di un
miglio, con li numeri in ogni sitto dell’altezza del fondo di 20, 18 e 16 passi
¢he vanno diminuendo a proportione che si avvicinano a terra. L'altro
dissegnd & generico di tutto il Littorale cominciando dalle sboccature del
Po fino a Carlobago, distinguendo con diversita di colori li possessi di
Cesare da quelli della Republica. In questo punto osservabile mi & parito
rillevar molta pontualitd senza alcun publico pregiuditio perché alla
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Morlacca, dove cade l'occasion del maggior rifflesso, doppo il territario di
Carlobago segue subito il color che marca il dominio Veneto. Pud cader
alcun dubbio di disturbo circa il Canale della mede[silma per quello
addita la relatione. Nel resto # denominato parte di Dalmatia quel sitto
che confina con 1'Istria, notando sopra la Licea e la Corbavia, et in situa-
tione piu alta la Croatia, il che tutto & utile a comprobare nella nota dif-
ferenza di Zvonigrado e questione insorta sopra gl'acquisti publici in quella
provincia che anche per il sentimento di questo soggetto molto verssato la
Dalmatia arriva fino all'lIstria. Non havendo perd lo stesso occularmente
esaminato se non il Littorale Austriaco, tutto il resto & tratto da carte et
osservationi degl'altri auttori. Quanto alla di lui relatione, che veramente
pare non esca dalle sole inspetioni che rigiardanc il ricovero e sicurrezza
della flotta in occasione che dovesse penetrare nell’Adriatico, non devo
tacer la mia gelosia che in voce o in altrp foglic pitl cusiodito possa esser
corsso alcun racordo o propositione piu pericolosa e di pregiuditio pid
permanente., Ho mottivo di dubitare che secondando le suggestioni di quei
confinanti e la vaghezza di farsi merito, habbia esagerato le facilitad et i
proffitti di applicare alla struttura et armamento de' légni proprii, addit-
tando il comodo de’ boschi vicini, delle telle, ferramenta et altri requisiti
de’ quali abondano 1i Stati Imperiali, producende anche le eshibitioni de’
sudditti con gl'oggetti non sele d’una diffesa perpetua, ma d'un continuato
proffitto nel corsso d'un ricco traffico. Procuraré méggiormente internarmi
per verifficar li miei sospetti, de’ quali traspirerad sempre alcun confrorito,
anche dalle voci e diligenze che si dilatassero in quelle parti, Circa la
prontezza o difficoltd poi che si potesse supporre nella essecutione di tali
idee, non posso che conformarmi a quanto ho humilliato in anteriori dis-
pacci, Adempite le sue incombenze doppo haver conferrito con ministri
et esser stato admesso all’audienza di Cesare, in nome di cui fu regallato
d'una gioia di qualche prezzo; hoggi & poi partito questo soggetto per
Londra, ‘

6
1703 March 27, Vienna .

Emperor Leopold I to Count Johann Wenzel Wratislaw von Mitrowits,
his ambassador in London
QOrig.; Haus-, Hof- und Staatsarchiv Wien, Staatenabteilungen England,
Korrespondenz 32, fol. 68.

Hoch- und wohlgebohrner, Lieber Gethreuer. Wiir Erindern Dich hiemit
gnidigist, wafmalen Wiir resolviert, Einige armierte Schiiff in Unsern
Meer Porthen bauen und aufirissten zu lafen und derentwegen die Not-
turfft an Unsere Innertsterreichische Camer gnidigist rescribiert haben,
difle aber darauf berichtet, wie dafl Es Ihro an Einigen wohl Erfahrnen
Schiiffbauleiithen, wie auch an einen guetten EiBenen StuckhgieBSer.-Er-
manglen thette, und UnB dahero gehdrsambst eingerathen, Wiir méchten
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Unsere Allyerte See Potenzen ersuechen laflen, dafl Sye mit Gelegenheit
der in das Mediterraneum und Adriaticum khombenden Flotta nicht allein
Etliche von gemeiten wohl Erfahrnen Bau- und Giefleuthen, sond&rn auch
eine Quantitet unmontierter eifienen Stuckh, so fiir die Schiff tauglich
seint, mitbringen und In Unfern Meer Porthen, gegen Bezahiung des
billichen Werths, aullschiiffen lafilen wolten.

Wie Wir nun kheinesweegs zweifflen, dafl sowohl dergleichen Bau- und
Giellelith, als auch eiBene Stuckh aldorthen genuegsamb vorhandten
und nach der alhier von dem Englischen Obristen Hallay gegebenen Ver-
tréstung leichtlich zu bekhomben seyn werden, alfi wollest Du derent-
wegen gehdriger Orthen Instanz machen und darob seyn, damit gemelte
Leiith'und Stuckh mit der Allyerten Flotta in Unsere Meer Porthen {iber-
bracht werden, deme Du schon rechts zu thuen waist, und Wiir verbleiben
Dir mit Kayserlichen und kdniglichen Gnaden wohlgewogen.

Geben in Unserer Statt Wienn, den 27ten Martii im 1703ten, Unserer
Reiche des Rémischen im 45ten, des Hungarischen im 48ten und des Bé-
haimbischen im 47Tten Jahre.

7
1703 April 21 (Graz)
Innergsterreichische Hofkammer at Graz to Johenn Andreas Endtres

Contemporary copy: Steiermidrkisches Landesarchiv Graz, Hofkammer
1703-1V-62, fol. 116.

Hoffcarmmer dero Mitlsrath Herrn Endrees.

Aub hiebeyliegenden abschrifften hat derselbe mit mehrern zu ersechen,
was Jhre Kayserliche Mayestet in puncto alstbaltiger anieg- und Ver-
fertigung der Nothigen fortificationswerkch zu Porto Ré und Buccari
durch den Ingegniur von Rausendorff [!] unterm 18ten dits allergni-
digst anbefolchen. Und weillen Eine Lgbliche Hoffcammer Einen Lobli-
chen Hoffkriegsrath Mindtlichen requirieren lassen, derentwillen die
weithere Verordnung an den Herrn Commendanten zu Triest und Beriihr-
ten von RauBendorff in originali und Copia heriiber zu geben, al} werden
Thme Herrn soiche nicht allein zu gehoriger Bestellung, sondern auch
beyligende Landtcarthen, damit Er mit Ihme von RauBendorff sich also-
baldt von Triest nacher Porto Ré begeben und Ihre Kayserliche Majestet
in sachen Ergangnen gnidigsten befeich gehorsamst volziechen und die
von dem Obristen Hallay an die handt gegebene fortificationes also gleich
anfangen und Verfertigen lassen solle, gleichfahls beygeschlossen. Sovill
aber dig. Verschaffung Einer guetten provision von allerhandt victualien
fiir dle ankotnbende Englische Flotta anbetrifft, da hat Eine L#bliche
Stsll in Thme das’ Gnidige Vertrauen sezen und denselben dise Commis-
sion gnidigst auftragen wollen, Sich ditsfahls mit dem Herrn Haubtman
zu underréden und solche anstalten machen, damit ein zueldnglicher
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Vorrath von allerhandt victualien fliir gedachte Flotta verschafft werde,
auff welches Sich Eine Ldbliche St61l genzlichen verlasset, derentwillen
dieselbe Ein gleichmessiges und was dem anhingig Berlihrten Haubtman
zu Buccari, Herrn Baron ven Kerzn[?], unterm heutigen dito lauth
besonderer Verordnung anbefolchen und von solcher Thrme gleichfahls
hiebeyligende abschrifft zu seiner Nachricht Mithaillet. In ybrigen: weil-
len aus angeregter Kayserlicher allergniddigster resoclution zu Ersechen,
wie Praemuros und Sorgfoltig Ihre Kayserliche Mayestet dises werkch
Einer Loblichen St6ll allergnidist anbefolchen, zur Folge dessen, weillen
dises in loco am Ersten geschechen kan, so hat Eine Lébliche Hoffcammer
Thme Herrn dises werkeh auch {ibergeben wollen, der wirdet das weithére
alda zu veranstalten und den Einfolg, au[cjh wal Sensten vorbey gehet,
zu berichten wissen.

Datum [?! den 21. April 1703.

8

1703 July 26

Prince Eugene, President of the I'mperial War Council (Hofkriegsrat) to
the military engineer David Jakob von Rauschendorff

Contemporary copy: Public Record Office London, State Papers 105/69,
no folio numbers.

Unsern grus zuvor, Sonders freundtiicher, Lieber Herr Haubtman.
Demnach Ihrer Kéniglichen Mayestet zu Grossbrittanien bestelter Schiff-
capitain Herr Hallay nach denen Keyserlichen Innerésterreichischen Meer-
porten in obhabender sehr wichtiger Comission abraiset und solchem nach
nothig seyn will, das demselben alle Information gegeben werde, also
wird Er, Herr Haubtman, gedachten Herrn Schiffcapitain alle in Erwehn-
ten Seeporten gemacht und angelegte absonderlich zu Buccari und Por-
toré zeigen und sehen Lassen, auch denselben allerdings an die hand
gehen, was zur sicherheit bedeuter Porten noch anzulegen und zu machen
ubrig oder besagter Herr Schiffcapitain fir nottig urtheilen wird, wie
deme der Herr recht zu thun schon wohl weiss, demselben benebens gott-
licher bewahrung Empfohien.

Wienn, den 26 July 1703.

9

1703 September I, Porto Re

Johann Andreas Endtres to President and Councillors of the Innerdster-
reiche Hofkammer at Graz

Orig.: Steiermdrkisches Landesarchiv Graz, Hofkammer 1703-1X-11, fol. 4.

Hochlsbliche Innergsterreichische Hoffcammer. Hoch- und Wollgebohrner
Herr, Herr Praesident, auch andere Hoch- undt wollgebohrne, wollge-

Mittellungen, Band 1
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bohrne, woll, Edl Gehohrne, gniidig undt Hochgebiettige Herrn Herrn. In
Crafft' der Erhaltenen gnidigen Verordnung, dal ich Bey anhaltendter
schwerer Unpislichkeit des Herrn Graffen von Herberstain ein und ande-
re bericht allein Erstatten solle, hab ich zu gehériger nachlebung dessen
unterthinig berichten wollen, daB Herr Obrist Halay zu schlainiger Ver-
ferttigung der anlegente Batterien negst Porto Re unglaublich insistiert,
da doch bis dito aller miglichster Fleil angewendt undt die zu Scherchiza
alB die principal orth beraith verferttiget worden. Morgen wierdet auch
die vor Porto Re bis auf die legung dell Podens zuer perfection gebracht
werden. Innerhalb 8 oder lengist 10 Tagen solle auch die an der punta
gegen Buccariza anlegendte unndt meo judicio beste Batteria nach Verlang
des Herrn Obristen Halay in standt gebracht, nebst deme auch die vierte
von Porto Re iiber vollendet, mithin vier Batterien perfectionirt, undt
nach disem auch die finffte in wenig Tagen gemacht werden; welliches
Ihme Herrn Obrist Halay hegstens Conscliert, dahero nicht ursach haben
wierdet, na[clher hoff ein widriges’ zu erinern, wie dan zu wintschen,
das nach vollendten Batterien die Englische undt Hollendische Flotta
alhier zu sehen wir: weliches ich Einer Hochléblichen Stell gehérig be-
richten, mich aber anbey zu hohen gnaden empfel[c]hen wollen.

Porto Re, den Ersten Septembris 1703,

APPENDIX 3

Table of some distances in the Harbour of Buccari

Distances are In metres, using the equivalence, 1 pagso = 1,74 m.

Halley Admiralty Chart
Total length 5220 4600
Width of entrance 350 400
From Entrance to
Buccarl : 3500 3200
From Entrance to
Buccarizza 1700 1400
Greatest width of
harbour 580 1000
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SCIENCE AND TECHNOLOGY:
THE THIRD WORLD'S DILEMMA

Akhtar Mahmud Faruqui
Pakistan Atomic Energy Commission, Karachi, Pakistan.

Big sci'EhCe and high technology today are the almost exclusive domains of the developed
countries, while the developing world lags far behind. What are the prospects for change? A

Pf.lkaﬂdm' author gives his view, which serves as an introduction to this issue on research,
high technology and the multingtionals.

‘It is indeed possible that the psychologicat factors working against science develop-
ment will become more intense in the ACs (advanced countries) but will lessen in the
LDCs (less-developed countries). If so, the LDCs would have an exciting opportunity
indeed .., From 4 historical point of view, there is precedent for a reversal of roles.
Civilizations rise and fall... the opportunity is so momentous and exciting that this
task descrves the primary attention of the whole scientific communityof LDCs.'Science
Development. The Building of Science in Less-Developed Countries, by Michael J.
Moravcsik?,

Present world conditions hardly allow one to share Moravesik’s euphoria about
the prospects of science development in the developing countries. That the developed
world would largely fall behind the Third World seems so preposterous a suggestion
that one might readily discard it as improbable.

The colossal investment of the developed world renders the Third World's
expenditure on rescarch and development (R&D) ignominiously miniscule. In 1984,
the United States carmarked $30-S billion for defence-oriented research alone?.
Another $400 miflion was sct aside to meet ‘a long-standing complaint from university
researchers to upgrade research tools”. In the 1960s, America was spending more on
research and development ‘than [what] President Roosevelt had at his disposal for alf
purposes before Pearl Harbour'. The effort paid rich dividends. In 1966, the United

* States’ Gross National Product increased by an amount that exceeded the combined

GNP of all countrics in the African continent! The trend continues.

Science apd the Third World
Yet Moravcsik's Buoyant optimism about the future of science in the Third World is

not wholly misplaged. Viewed from an historical perspective, his observation is
justified. The world's four carliest civilizations—Mesopotamia, the Nile Valley, the
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Indus Valiey, and the Yellow River Valley—sprang up and flourished outside the
geographical boundaries of Europe and Amertca. They nurtured scientific enquiry and
sustairied the creative impulse. According to Thomas, “The citizens of the towns of what
is now [raq were responsibie for [the] fundamental innovations... They reached a
mathematicai level of achievement not touched elsewhere until the Renaissance™.
Much later, before 200 D, according to Thomas, Alexandria *had made almost all
discoveries necessary for the achievement of modern Western civilization”. Throughout
the early ages, the march of science in the regions now forming parts of the Third World
was religiously sustained. The universitics of Cordova and Toledo in Spain formed the
hub of scientific activity where scholars from the rich East—-Syria, Egypt, Iraq and
Alghanistan 1o name a few— dabbled in scicnce, and prospective researchers from the
poor Westlooked askance when told to go back to clipping sheep because their teachers
‘doubted the wisdom and value of training them for advanced scientific research™. By
the time North America was opened up, ‘much of North Africa, South and East Asia
were both densely populated and highly organized politically, culturaily, and
time, technologically™®. China appeared decidely more innovative than Mediacval
Europe, and better poised (o stage a renaissance in Asia than was ltaly in Europe. Itis
not surprising that the chronicles of scientific achievements, including George Sarton's
History of Science, make only a bricf mention of the West's carlicr contributions to
science.

Big science and early failings

The Renaissance marked a critical development in modern history. As Cordova
and Toledo faded into oblivion and a civil war inhibited China lrom diffusing science
anew in the Asian continent, scientific enquiry came to be identified with Europe and
Anglo-America.

But the going was difficult. Early inventors were an unwelcome lot. Universities
appeared indifferent to the application of research findings. Rutherford, for example,
poured scom on the idea that his great discoveries would ever be of any commercial
use. Social assimilation of the mass-production concept posed problems. The
demographic pattern—a 4% birth rate in the [8th century—severely taxed limited
resources. Technology's rote was decried as well as appreciated in such diverse works as
Edward Bellamy's Looking Backward, Aldous Huxley's Brave New World, Dickens’
Hard Times. and as late as 1954, Jacques Eliul’s La Technique. '

The first full-time professor of chemistry at Cambridge University, Richard
Watson, aspired to be a professor of divinity and took pride that he knew nothing of
chemistry! ‘“His greatest scientific achievement was to persuade the university to pay
him £100 a year™. The Clarendon Physics Laboratory in Oxford was modelied on the
kitchens in Glastonbury Abbey on the grounds that physics and chemistry were much
the same and that chemistry was indistinguishabie from cooking. The budget of
Cambridge’s Cavendish laboratories in 1895 was £1000, pius the salary of Professor
1. J. Thompson. Lord Rutherford, in the 19205, never had more than £2500 a year to
spend on science. And some argued that experimental skill was an art that could not be
taught and that experimental physics could have no place in a university.
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R&D and GNP correlated

What are the motivations for R&D today? Christopher Freeman identifics five
principal catalysts: war, prestige, economic growth or competitiveness, welfare, and
science for its own sake—'one of the supreme achievements of the human intellect’
Military motivation, with war acting as the mother of science, has precipitated many
fxcientjﬁc developments. Today, quite a few developed countries attribute considerable
importance to military research and invest heavily. In 1980, nearly one-fourth of the
world's expenditure on R&D was consumed by military research, and more than half a
million scientists were engaged in the development of new weapons and defence
systems. Simon Ramo, founder of TRW, 2 major defence contractor in the United
States, has argued that *had the tota! dollars we spent on military R&D over the last 30
years been expended instead in those areas of science and technology promising the
most economic progress, we probably would be today where we are going to find
ourselves arriving technologically in the year 2000...'". Ironicaily, some Third World
countries whose progress is scriously jeopardized due to denial of technology,

.contribute to the military research of developed countries through arms importation.

But while military research takes precedence over civilian research in a few
countries, economic growth remains the prime motivation for science in all countries—
both the haves and the have-nots. The scientific size of a country is significantly
correlated with its GNP—the more productive a country is in the sciences, the largerits
GNP tends to be. A unified concept of R&D forms an integral part of economic
planning in the United States, Europe and Japan and largely explains their burgeoning
GNPs and enviable state of economic well-being, which act as an impetus {or emerging
nations to take to science and technology.

Western _scienee's constraints and the Third World's dilemma

The spectacular °big science’ achievements, a consummate fusion of science and
technology, bear a distinct Western imprint. Moravesik’s abservation seems relevant:

The origins of science may be traced back to civilizations in Northern Africa and
clscwhere but in a functional sense, modern science is the product of Western
civilization. Hence, scientific assistance has primarily emanated from Europe and
North America.

Regrettably, the flow of scientific assistance from the West has remained at a low
ebb. “The ever-widening gap’, the title of the address of Professor P, M. S. Blackett, then
president of the Royal Society, Londow, *o the American Association for the
Advancement of Science in December 1967, statea (hat science’s world-wide supra-
national evolution could be sustained through heavy finai.mal investment, loans, and
gifts from the developed to the developing nations. That a.4 not come about, The
Pearson Report, a laudable effort undertaken at the behest of the World Bank in 1969,
noted that technical assistance from the developed world had failed to adapt to the
requirements of the developing countries. Western scienee certainly had created
manifold opportunities for man, but sadly its beneficiaries had been a chosen few. Why?

Science is no longer the gentlemanly enquiry of yestaryear—independent, disinter-
ested, and without frontiers. (Sir Humphry Davy lectured at Panis in the middle of the
Napoleonic wars and Captain Cook continued his exploitation, unhindered and
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unharmed, in the Caribbean during the American War of Independence.) The present
trend is seriously disconcerting, particularly. as Alexander King succinctly put it. ‘the
traditions of science and its nature are essentiaily and intrinsically international™. The
individualistic tendency of each country, atlempting to break new ground on its own
and containing newly-gained expertise/knowledge within its borders, tends to cripple
scientific enquiry, which thrives when unrestrained efforts are unicashed and research
remains a collective effort. It particularly hurts activity in sciences relating to the carth
and sea (climatology, geophysics, biology, and medicine}, which require pooled
resources and knowhow. The same is true for research in high energy physics, a costly
proposition made lighter through multinational undertakings and the sharing of
expenses. If scientific co-operation is perpetually discouraged for gaining political
leverage or safeguarding corporate interests, science's cause will suffer irrcparably,
particulariy in countries where its [ramework is [rail. In such a situation, the Third
World's dilemma can easily be imagined. Isolation at the critical formative phase can
be very damaging. Moravcsik maintains that ‘No ¢country has yet managed to develop
its own science without assistance’. A UN study confirms that 'there is a great doubt that
the growth of an indigenous scientific community can be effected without active
participation by the international scientific community™.

Frail science versus strong

The world's scientific and technical manpower resources are shared in an uneven way
by developed and developing states. Gross inequalitics draw an invisible line between
the haves and the have-nots. Salam vividly spotlights the alarming disparity between
developed and developing countries—the former, generating an income of $5 trillion,
spend $100 billion (2% of the eamnings) on noa-military science and research, while the
latter, with an income of $1 trillion, spend a niggardly 52 billion when they should
actually be spending 320 billion, according to the percentage norms of the richer
nations. ‘A world so divided between the haves and have-nots cannot endure’, Salam
comments®,

Roughly 92% of the world’s scientists are engaged in R&D in the developed regions
and account for about 98% of the world's total expenditure for these activities. The
developing countries, according to a 1971 uN study, contain a dismal 8% of the global
technical corps and spend a nominal (+2% of their GNP on R&D. Tn recent years, a
healthy trend has been witnessed in some developing countries, which invest more.
Nevertheless, the per capita expenditure on R&D in the Third World is about 300 times
less than that in developed countries.

The number* of researchers per million population illustrates the same discrep-
ancies between the developed and developing world: in the United States, 2500, the
developed world as a whole between 500 and 2000, France/United Kingdom 1000, FR
Germany 900, Japan 1400, Canada 900, Iedia/China 200, Africa 20, Argentina 194,
Chile 246, and Brazil 70. The manpower requirements for a self-sustaining functional
research infra-structure are rated by A. B. Zahlan at 1000 research-active persons in
science and 3000 research-active persons in technology per million population.

The same disconcerting trend scems to manifest itself in the schools. Students of
science and technology per million population number 180 in Africa, 445 in Asia, 550in
Latin America and 1170 in Western Europe according to a 1971 un study. The position

*1in recent years the number has gone up, particulariy o the developod countries.

-187-~

has certainly improved in more recent years, but so have populations. To further
compound the situation, enrolment in social sciences and humanitics in somc
developing countries accounts for 50-70%, Adjusting production activities in such
countries to rescarch results cartied out elsewhere is an onerous task, not to speak of
the problems encountered in assimilating the technologies they import.

The academic scene, often plagued with poor laboratery equipment and mis-
directed goals, is also beset with an outstanding and chronic problem—-a serious
shortage of scientific books. Books, in fact, are generally in short supply in developing
countries, A recent study suggests the availability of only halfa book per reader in 1981!

A general perspective of Third World science

The developing countries are a heterogenecous assemblage of nations with many
cultural, cthnic and historic backgrounds. But most share ‘a concept of emergence and
characterize themselves as being developed socially and culturally and as bemng
underdeveloped economically and technically’®, Their patterns of scientific growth are
anything but uniform. Some are extremely backward, their amorphous science
presenting a pictire of what has been called a ‘rescarch desert’, and neither progress nor
retrogress; others have made a beginning and have marginally assimilated science;
while a few have covered considerzble ground and spark a glimmer of hope. All
demonstrate an urge to assimilate change and to draw science and technology into
their production lines. Their common failings include:

(1) Implentation failures and bureaucratic highhandedness

The most common and disturbing feature of Third World science is that it remainsina
perpetual state of planning. Concern is often voiced for upgrading the status of science
and technology: plans are enthusiastically drawn up, priorities exuberantly defined,
reappraisals eagerly made, commissions frequently formed. But at the critical stage of
implementation, the urgency and enthusiasm disappear and the task is entrusted to the
next generation of planners. And astute science planners, a rare breed in the developed
world, are even rarer in the developing countries.

Bureaucracy has always stultified scientific enquiry. Much to the chagrin of the
tesearcher, buréaucrats and economists act in conjunction to seriously distort the
priorities of a research programme. They adopt an even more high-handed approach in
some parts of the Third World where democracy, a friend of science, makes only an
clusive appearance and burcaucracy cnjoys a freed hand. The problem is often
compounded when older élitist groups of scientists, having severed links with research,
turn into full-time science planners.

{2) Fauity career.pasierns

Research in developing countries is mostly undertaken in government-run laboratories
which often, if not always, are rendered inert partly because of an odious career system
which catapults a senior unimaginative scientist into the director's seat and leaves a
younger, enterprising researcher at his mercy. Mediocrity is thus perpetuated.
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131 Educdational weaknesses

University research in most developing countries is still in a stage of infancy, and in
quite a few countries even basic research is sadly ignored. But this is not true for all. In
some developing countries university research has taken firm root and piays a useful
supportive role in strengthening laboratory research, both in the public and private
sectors.

The educational scene in the Third World must soon be transformed. The schools,
nurseries of science, should speedily inculcate a spirit of enquiry. The colleges should
promote science learning—not at the expense of, but in conjunction with, the
humanities—and groom potential researchers. The universitics should have a fresh
infuston of science, recast their curricula, refurbish their laboratories, and produce a
new breed of rescarchers whose functional orientation can contribute to scicntific
productivity.

(4} Industrial research inadequacies

Industrial research ip the developing countries has a low priodity: in Asia it represents
only 3% of total rescarch activity. Fhe reasoas are oot difficult to find. Most industrial
concerns are subsidiarics of big multinational firms and depend on the R&D effort
undertaken in the home country. Indigenous research is considered superfluous and a
drain on company profits. Even the local firms with no foreign links often shy away
from investing in R&D as they are little conscious of the benefits.

(5) Inadequacies in the basic/applied research connection

A redecming feature of Third World science is that despite a pronounced emphasis on
applicd research, the importact role of basic science is not altogether neglected. The
proportional investment in the two conforms to what is generally considered an ideal
ratio, with basic science claiming a 10-20% slice of the whole. ‘UNEsco statistical
studies on R&D show that the lower the per capita GNP in countries, the higher tends
to be the amount of fundamental research’, says a UNEsco teport. It applauds this trend
and claims that it ‘corresponds to the actual needs of developing countries at the present
juncture™® Maravesik tends to concur: 'the ratio between basic and applied research is
the desired one’ but contends, and rightly so, that the connection between the twe
remains underdeveioped. Hence the effectiveness of both, particularly applied research,
is considerably lessened. *Tt is the improvement of quality in applied research and the
establishment of finks between basic and applied which should be the primary targets
of attention, not the redressing of numerical ratios between the two',

(6} The brain drain

According to Robin Clarke's 1971 estimate, the developing countries had then lost
40000 scientists to the developed world. Other studies suggested that while the
situation in Africa and Latin America may not have been alarming, that in Asia was
cause for serious concern. In 1972, between one-half and two-thirds of ali Arab pHD
scientists and two-thirds of engineers lived outside the Arab world. In Turkey, the
number of PHDs in natural sciences who had emigrated was seven times the annual
production of PHDs. During the 1960s, it was estimated that only 10% of the students
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rom Taiwan, Hong Kong, ¥orea and Greece returned home and 607, of the students
who went from [ran to American universitics stayed in the United States, At a seminar
in 1967 Lord Bowdea complained about the lasses of Britain to the United States: 198
PHDs in 1961, 415 in 1963, and one FHD physicist out of every three wha graduated in
1966. I we capitalize the value of those who have eft the British Islcs for America since
the war, we have very much more than paid back the whole of thé Marshall Aid’, he
plaintively observed’. No computations have been made to work out the Third World
lesses on this count, put the brain drain has a more poignant aspect in the context of the
developing world. It reminds one of the Biblical adage: “Ta him that hath shall more be
given and from him that hath not shall be taken even that which he hath'.

{7} tarck of international support

Sacace’s commerciatization and its newly-acquired initiating role in technological
nnovatior have seriously impeded the international promotion of ‘science for
science’s sake” Only 600 American scieatists, comprising 019 of the total strength of
the US research comemunity, participated in international conferences, symposia,
and mectings duning the tast decade. Capitol Hill finds Little appeal in international
sticnce, and fechmcal assistance occupies a ‘less-distinguished-position’ in the
Amcncan Congress. What is true for the United Stales is, by and large, also true lor
most of the Eurcpean couatries.

The United Nations has shown sincere concern for inlernational science and has

promoted R&D effort on a global scale in order to live up to its world-body image. fn |
the absenice of a universal science policy, the United Nations perception of some global
probitm-arcas has not been entirely without gains. [t bas helped to define a strategy
and to frame well-meaning long-term programmes. Some of the UN's sucoesses have
won accolades, and deservedly so. But its programmes coatribute only in a fesbls way
to the elephantine scicnce needs of the Third World and have serious limitations. First,
the paucity of funds restnicts the scope of the Uaited Nations operation. [n [968 its
budget for this purpose, as Victor A, Kovda perceptively observed, was a meagre 100
millicn dollars or § ceats for each citizea of LDCs. The United Nations science budget
today must be far greater—but theo 50 is the population of the Third World. Secondly,
‘emphasis in United Natioos programmes is primanly on planning activities;
achicvements in implementation are less pronounced’, says Moravesik. Quoting
Zahlan, he mentons that at the 1966 UnEsco meeting in Algicrs (dealing with science
policy in the gouctnies of Northern Africa and the Middle East) 21 recommendations
were adopted, but ‘Six years later none had been implemented, not even the eight which
should have been implemented by uUn agencies themselves' Finally, the science
progzammes of UN agencies are often too highly speaialized in nature.
. Despite these limicacfons,UN agencies have uone uch for sclence
in developing countries. ‘An  ocutstanding example is the
International Centre .for Theoretical Physicg at  Trieste, an
{nstiturion with considerable internaticnal stature erhanced by
the personal reputation of its Director Abdus Salam. This Centre,
run by the International Atomic Energy Agency and YNESCO, has made
an immense contribution to the fostering of sclence in LDCs. But
such hright spots ere more the exception than the rule.

One may conclude that naither bilateralism, nor international
agsistance nor UN agencies can resclva the overvhelming problems
of Third World sclence unless the developing countries also act on
their own. Some have already done so, others should follow their
example. There is not much time to lose.
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A changing scene?

The Third World's increased investment in R&D is a good omen. 1a Ching, it rose from
0:0L% of the GNP in 1950 to 1-54% in 1960. Between 1962 and 1965, Chins's R&D
expenditure registered an impressive 1007 increase. The upward trend continues
Happily, China has also shown serious coocern about its burgeoning population. In
1980, its population growth rate fell to }-3%, compared to 2:1% for Third World
countrics as 2 whole and the |-7% world average. The Bei)ing Declaration, drawn up at
the Asian Conference of Parliamentarians on Population and Development, has called
for a 1% population growth rate by the year 2000,

Egypt's R&D expenditure between 1961 and 1967 expericnoed a 23-fold absolute
increase, or a four-fold increase as a percentage of GNP. In India, a five-fold absolute
increase—a two-fold in percentage of GNP —took place between [958 and 1969.

The number of Third World students in loreign universities bad been steadily
mounting. In the United States, their oumber increased [rom 3200 in 1938 to 70000 in
1968 and to 110000 in 1972, The upward trend continues. Simultanecusty, the number
of educational institutions and research centres in the developing countries themselves
has visibly increased. In addition to this educational ferment, ‘talented individuals are
becoming increasingly invelved in the important and exciting activities of institution-
building' to transform ‘alarming situations into surprising opportunities''®. A
particularly heartening feature of these developments is that the curricuia, eagerly and
hastily copied from the West in the 1960s, are being imaginatively revised: in the 19705 a
healthy trend to build pational curricula based on local experience was mudh in
evidence.

Thus, while large-scale rejuvenation of science in the Third World may not bein the
offing, hints of a change in parts of it at least; persist. One sanguinely hopes that the
advent of the Third World into the science-oriented te:hnolosn:.l era mll be lr.:lneved
with minimal [riction with the West. "

The West has a moral obligation to erase some of the present lechnoloptzl
imbalances, which are largely its own doing. It is hard to deny that ‘for most of the
sovereign states of the world, the length of time and the degree of intensity to which they
have been subjected to European influence has much to do with their present political,
economic, material and technological levels and systems of orpm:nuon" The scars of
colonialism are still visibie in many parts of the battered developing world. Sadly,
science was left to suffer and languish during the colonial period.

At the same time, the Third World must act or its own to adapt itself to the worid of
science, History provides many instructive lssops. The Industrial Revolution in
Britain, and the later industriafization of Europe and America, were financed by private
savings and profits from the Great Trade Triangle. German industries grew in ope
generation between 1840 and 1875: in this short span of 35 years Germany passed from
the Middle Ages to modern limes. The vast sums that brought about the transform-
ation of Europe and America are more than matched by a contemporary Third World
entity, the oPEC coasortium. Here is food for thought for the oil-rich countries,
particuiarly the Arab states, which were the torchhearcrs of international scientific
research in the 8th to the 11th centurics and who are ordained by Isiam to pursue
kpowiedge and learning.

The UN could also help. More international research institutes on the ICTP pattern
are needed by Third World scientists for studying disciplines other than physics.
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High technoiogy

High technology has recently dominated the science-based business world. R&D
inputs in high technology in the United States account for 60% of industrial investment
in R&D. The returns are on a similar scale. High technology products form a key
clement of US foreign trade today: their share of the country’s total exports has risen
from less than 40% in 1967 to more than 44%, in 1980

Commercial stakes being high, the field is fiercely contested, with the United States
and Japan labouting to retain their ascendancy and the developed countries striving to
caich up. Recently, the European Community lauached a $1-2 billioa plan ‘to achieve
parity, if not superionity, over American and Japanese competitors within the next ten
years' 2, Within the United States, there is anxiety over the growing technological
onslaught from the competitors.

The United States lead could be maintained both by consistent R&D operations
and by denying technological gains to others—even to allics and fricnds, a method that
recently had generated bitterness and resentment. Norman Tebbit, Britain's Secretary
of State for Trade and Industry, told the US Chamber of Commerce in February 1984,
that the ‘most persistent cause of tension between the US and Britain is Washington's
attempts to impose [its] laws on people in other countries, inside their homes, and their
business'’ 3. The attitude smacks of the multinationals’ indifference to the diffusion of
their technicai’ krow-how among the developing states where they operate.

Lately, commercial motivations have prompted a fairly large-scale interaction
between the United States and many developing countries in the high-tech field. ‘At a
time when many US high-technology firms have taken to waiving the flag and
sounding the cry “buy American” lo counter the threat of growing competition from the
Japanese and other foreign-rivals', says a writer in Datamation, ‘a number of these firms
are “buying foreign™ when it comes to the fabour market’**. These corporations are
offering jobs ‘to non-US workers in ¢countries where wages are often a fraction of those
paid here and corporate taxes minimal or non-¢xistent”. The offshore development had
grown at a fast pace and major American corporations now have as large a share of
their operations outside the United States as in it. *Hall our business is outside the US',
explains Richard Love, director of international marketing for Hewlett-Packard which
has major facilities in Mexico, Singapore and a number of other countries. Today,
more than 70 countries are vying to attract US facilities including Korea, Singapore,
Taiwan, Sri Lanka, Scotland, Mexico, Jamaica, India, The Philippines and Malaysia,
Eire alone has successfully drawn as much as $1 billion in fixed-asset investment from
about 350 US firmy, including IBM, Apple, Cado, Digital Equipment, Storage
Technology, Prime, Modular Computer, Wang Labs, General Electric and Four-
Phase. A few other developing countries, including Singapore, Barbados, The
Philippines, and Mexico (where 650 American plants cmploy 140000 workers), have
also benefitted from the overscas operations of American high-tech corporations. More
recently, some American companies have been ‘scouting around for enginecring and
data processing assistance overseas’ National Semiconductor had its 32-bit micro-
processor developed in a Third Worid country. IT the present trend is any indication,
the hubs of American technology—Route 128, Siticon Valley etc.-—will become pro-
gressively Jess labour-intensive and more automated, providing a grim picture for thosc
who have been unfortunate enough to tic their careers to a high-tech assembly line.

Thus, commercizl interests act as a constraint against the diffusion of high-tech
knowledge in the developed world, and as a catalyst for the overseas expansion of high-
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tech American assembly lines in parts of the Third World. Commercial interests may or
may not restrict the fow of technology in one part to its slow diffusion in another.

The emergence of Third World multinationais

Applauded by some as an economic link between the disparate segments of our world
and as an agent of development, and castigated by others as exploitative business
houses, the multinationals are trading republics aperating on a massive global scale as
a commercial manifestation of the West's technological supremacy. Their turnovers
exceed the gross domestic products (Gop) of some of European countries. General
Motors' sales, for instance, can be favourably compared with the GoP of Austria or FR
Germany, while British Petroleum’s turnover roughly approximates the Gop of
Portugal. 'The whole of tropical Aftica {excluding the northern group of countries and
South Africa) does not greatly exceed the sales of the largest US company’, according 1o
Cole. The political influence of the multinationals, too, is by no means small. ‘Instances
such as the alleged involvement of International Telephone and Telegraph in
persuading the American government to undermine the government of Chilc's Allende,
have put the leaders of the Third World under an increased sense of insecurity in their
dealings with the multinationals’, one study suggests®, )

Viewed carlier as partners in development—the Third World contributing labour
and raw materials, and the developed countries providing the technological nutrient-—
the multinationals' role is little appreciated in deveioping countries today. And for
obvious reasons. Commerce between developed and developing countries has gone on
for centuries on an even keel, but with the infusion of technology into commercial
ventures, the West's 18th- and 19th-century industrialization and 20th century
techoological innovations acting as a catalyst, the trade pattern drastically altered to
the advantage of Europe and Anglo-America. The trading of cheap labour and raw
materials for Western technelogy meant that the major portion of value added was
credited to the advanced countries'®. Trade between the developing and developed
world grew into a whopping $277 billion by the mid-1970s, making up about 393 of the
‘world total, but the major share of the benefits went to the developed world. Indeed
increased trade between the haves and have-nots today, as James McGuinnis vividly
described in Bread and Justice, actually ‘reinforce the privileged position of the few on
the top at the expense of the many at the bottom. Increasing the interaction between
parties of unequal bargaining power only perpetuates the inequities of the current
economic system’.

Partnership in multinational trade has provided neither technology nor economic
gains to the Third World. This agent of change hardly gencrates any, yet accumulates
profits. Today, the hapless developing world is unable to market technical goods and
helplessly relies on the exportation of cheap primary products. (The total exports of §9
billion in technical products by the developing countries contrast sharply with the
$219-5 billion by the developed regions'®)

Pressing for new legisiation

Contemporary imbalances of international trade have raised a clamour for legislation
for an international code of conduct on the transfer of technology and a revision of the
international patent system, but to little avail, The developed world steadfastly clings to
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its technological secrets and obstructs the diffusion of knowhow, since ‘Iree diffusion
preempts markets that the creator might have served, and may thus remove the
incentive to innovate. .. Control over the supply [of technology]. plus the buyer's
ignorance regarding the true value of technology can lead to excessively high prices''®,
This pro-business atmosphere has been characteristic of European and American

dominance of the world throughout most of the 20th century.
Disenchantment with Western business houses spurred the Third World to

- ¢establish its own breed of multinationals, and with commendabie rapidity. The scale of

their overseas investment is fairly impressive, especially considering the small size of
most developing economies and their number has soared from six to 23 in the past
decade. There are 1300 foreign manufacturing and trading subsidiaries among 15
developing countries, according to Professor Louis T. Wells of the Harvard Business
School. Brazil's Petrobras and K uwait Petroieum alrcady rank among the world's top
manufacturing companies, while Hyundai (Republic of Korea) has grown bigger than
France's Michelin and Britain's Rio Tinto-Zine, and Taiwan's Wilsin Lihwa outranks
Distillers of Britain, Atlas Copco of Sweden and DeBeers of South Africa. But the Third
World multinationals have little to offer in terms of technology and have yet to acquire

' the high sophistication levels of their Western couaterparts.

Rapport between the Western and Third World multinationals has already begun.
And therc arc sane and timely suggestions that host governments may allow Western-
based multinational operations into their markets if the multinationals will help the
host countries develop indigencous technology and R&D capabilitics. The Western
multinationals would be well advised to heed such suggestions rather than solicit the
opinions of highly-paid political scicatists and former foreign service officers about the
political and cconomic risks of investing abroad. After all, R&D operations in
developing countries require little firancial outlay.

WIll the science scene alter with the emergence of the Third World multinationals?
The prospects appear remote. Nevertheless, corporate interests and increased interac-
tion between the old multiationals and the new just might bring about some changes.
We shall have to wait and see. ]
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YUGOSLAVIAN EXPERIENCE IN DEVELOPING NUCLEAR POWER

N. Nazjer
Institute Josef Stefan, Ljubljana, Yugoslavia.

WAY OF PRESENTATION:

- THROUGH THE DEVELOPMENT OF NUCLEAR
POWER RESEARCH N THE J. STEFAN INSTITUTE

CONTENTS:

FACTS ADOQUT YU - 51 N 1965

- NUCLEAR POWER YU - )51 N 1985
-~ HISTORICAL BACKGROUND

1945 - 19350
1950 « 1965
195 < 1973
(973 - 1985

= FUTURE PLANS

- CONCLUOING REMARGLES
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FACTS ABOUT YUGODSLAVIA IN

1985

STATISTICS

- POPLLATION 22 MILLION
- AREA  756.000 km?
- NGP 2000 - 2500 $ PER CAPITA

CONSTITUTION

~ FEDERATION
- 6 REPUBLICS + 2 AUTONOM REGIONS
~ FEDERAL RESPONSBILITIES

- ARMY

- FOREIGN POLICY

- OTHERS BASED ON CASE BY
CASE CONSENSUS OF 6R + 2A

- REPUBLICS RESPONSIBLITIES
- BASICALLY ALL OTHERS

CHARACTERISTICS

- BIG DFFFERENCES - AVERY ASPECTS

ECONOMY

= IN PRINCP - FREE MARKET

- N PRACTICE - LOT OF RECULATION
AND ADMINISTRATION

BIG FOREIGH DEBTS - 20 BILLION §

FOREIGN EXCHANGE - 15 BILLION §

FOREIGN POLICY

MEMBER OF NONALLIEFD COUNTRIES
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FACTS - ). STEFAN INSTITUTE

STATUS
- INDEPENDENT RESEARCH INSTITUTE

- NATIONAL RESEARCH INST. OF T+ REPUBLIC
OF SLOVENEA (1D %)

PERSONNEL

- PO 430
- MSc + DPL. ENG. asp
- TECHNITIANS 130
- OTHERS {00
- TOTAL h:ls_o'

ACTIVITIES

- BASK: RESEARCH s
- AFPLED RESEARCH

- CONSULTING 0
- PRODUCTION

- EDUCATION AND TRAINING
- LIUBUIANA NUCLEAR TRAINING (EMTRE
- POST DOC., PHD, MSc, DipLEng.
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DISCIPLINES

- BASIC
- PHYSICS
~ CHEMISTRY
~ BIOCHEMISTRY
- ELECTRONICS, ®™NFORMATICS

- MUALTIDISCIPLINARY
- NUCLEAR POWER
~ ENVRONMENTAL PROTECTION
- AUTOMATION + PROCESS CONTROL
- CYBERNETICS

COOPERATION

- DOMESTIC
~ UNIVERSITES
- UNIV. PROF. WORKING AT Xi
- J51 MEMBERS TEACHING AT U
- RESEARCH INSTTTUTES
- INDUSTRY
- FOREIGN
- IAEA
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FINANCING HISTORICAL BACKCROUND
[ asm e s

- 30 % MATIONAL RESEARCH FUNDS

1945 ~ 1930 NG AR PRODGRAM
- 70 % OTHERS - INOUSTRY NUCLE

RECOVERY FROM THE 2™ ww

1930 - 196% GROWTH OF NMUCILEAR PROGRAM

O U TP U TS (1984)

420 - YU « CENTRALIZED
- FEDERAL ATOMIC ENERGY COMMISSION

- SCENTFIC JOURNALS

- MEETINGS 230
~ INTERNAL boo - ESTABUSHED NUCLEAR INSTITUTES

NUCLEAR POWER CEMNERAL
- DESIGN OF YU REACTOR - BASIC NATURAL SCIENCES
- FUEL TECHNOLOGY - SCENTFIC APPROACH

- FLUORINE CHEMISTRY

« CERAMICS
- REACTOR PHYSICS
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1965 - 1973 DECREASE OF NUCLEAR_PROGRAM

YU - CONSTITUTIONAL CHANGES
- REPUBLICS AUTONOMY INCREASED
- FED-ATOMIC ENERG. COM. DISMISSED
- NO FEDERAL FUNOS

- NO YU NUCLEAR PROGRAM

REDUCED NUCLEAR PROGRAM

- X1 - REACTOR PHYSKS
- NMUCLEAR SAFETY

1973 - 1965 EXPANSION OF NUCLEAR POWER

- START CONSTRUCTION 1% NPP IN KREKO

- PURE COMMERCIAL PROIECT

- NO SYSTEMATIC TECHNOLOGY TRANSFER
- TURN KEY PROXECT

- DOMESTIC PARTICPATION

CIVE. AND ERRECTION WORK
STARTAP TESTING

SAFETY ANALYSES

SOME EQUIPMENT

BASKC TRANGNG

OPERATION

- PROBLEMS IN DOMESTIC PARTICPATION
- LITTLE TIME FOR PREPARATION
« ACCOMODATION TO FOREIGN STANDARDS
- GA/GC
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NUCLEAR POWER IN YUGOSLAVIA - 1985

1. INDUSTRIAL

- KRSKO NUCLEAR POWER PLANT

- N OPERATION SINCE 1985

- PWR, 2 LOOPS

- 662 MWe

- DOMESTIC OPERATION, MAINTENANCE, INSPECTION
- AVALARLITY 1984 - MORE THAN 70 %

- DOMESTIC TRAINING - EXCEPT SIMULATOR

« URANIM MINE 2IROVSKI VRH

- N CPERATION SINCE 1965

- DOMESTIC TECHNGLOGY /
PROTECTION OF ENVIRONMENT

« PROCLCTION 170 tondyear - U,0,

~ PRODUCTION OF SOME COMPONENTS

1. REGULATORY

~ LAW ON RADIATION PROTECTION
- INOLLICES NUCLEAR POWER
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- REGLLATIONS
- NATIONAL - GENERAL
- IAEA SAFETY GUIDES
- VENDOR'S REGULATIONS

FUTURE OF NUCLEAR POWER

- NATIONAL PROGRAM AGREED

- REGULATORY BODIES - SERES OF &4 NPPx IN 1000 Mwe
- NSPECTORS ENFORLCEMENT 2 untit y. 1000
2 untsl y. 2010
- EVALUATIONS  AUTHORIZED ORGANIZATIONS
= 1" PREVILAKA NP
- EQUAL NFC

~ GRADUAL INDEPENDENCE N THE WHOLE NFC
STRONG DOMESTIC DEVELOPMENT +

RESEARCH AND DEVEL OPMENT TECHNOLOGY TRANSFER
- BID INVITATION - OCTOBER 1903
- NUCLEAR FLEL CYQLE - NFC
NUKLIN - 8 INSTITUTES - SERES
maie & KidriE Ist. - Beograd - PREVLAKA NPP
R. Bolkovi¢d It - Zagreb - SPLIT PACKAGE APPROACH
1 Stefen ket ~ Ljubljane - CONTRACT FOR THE 1™ ALANT - 1987

- FRONT END OF NFC
- ORE PROCESSING - DOMESTIC TECHNOLOGY - NULEAR FUEL. CYQLE
- FUEL: FABRICATION - LABORATORY SCALE - START: LABORATORY SCALE: NUKLIN
- CORE DESIGN CALL. - JUST COMPLETED -seum:smm} PDUSTRY +
- COMMERCIAL NN
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?onc lv dina remat ls

A. Bcgt'unin%: um-c.uln'tﬂb._go@l YU reactor

Faclure 2 !

“‘[‘5 M

-no YV reactor
~end of YU nuclear programv

NO . -3 .dl-oaa research institotes

why

-astablished research preqroms
- later . expansion of nen NP disepl,
basic NP research remaind

N0l — NP s molHdiseplinary
— 18 years of constant expansion

a. Constrvetion of Hue 4 PP

Y‘S:

ho :

400 % turn key, BAD!

- ne demestic design | engincering
~ litHle eqipment manvfactvring
- Jcttle vﬁﬁh‘aaﬁm of on-fbe-job

heaining possibilih'es «f vendor
— no cooperation asrq,&mud

— Feasonable price
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ochiovemants i - operation y marnteuance
~ uranivm concentrate
~in-core fuvel manegement
- noclear sa.h.ty mlis79
- suvironmental control

| ~traming

fodlures L - savsing on demeshc pers.

~little direct cuppert b
domestic RyD
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38| development (450 -148s

== reasearch funds

e —

11l contracts

?

o RESBARCH REAcCTIORS

RR 4SS MW, HWR , BLOLRAD - PINCA I—_L\
v ~

RB 1K W, CRITICAL FALILITY - VINCA

TRIGA 2504w, LWR , LIUVBLIANA 200h

e POWER PLANTS

JEK  GCLMW, PWR , KRSKO oo |
NEP Plannad , A%, Hee series

T UPANIVM MINE ; TiRoVSKI VRH 41450 {§%
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THE USE OF PERSONAL COMPUTERS IN APPLIEDG RESEARCH

D.E. CULLEN
International Atomic Energy Agency, Vienna, Austria.

INTRODUCTION

The purpose of this lecture is to peinr out that at the present time personal
computers are powerful enough {in terms of speed and core size) and at the same
time inexpensive enough to be used in applied research in even small institutes

and laboratories. In particular the current low cost of persanal computers can

allow institures that cannot afford larger computers to now have significant computer

power available for rheir use.

BRIEF HISTORY

In order to examine the direction that computer development has taken over the

last few decades. I would like to briefly review the history of computers.

The earliest electronic computets used fixed programs, essentially plug boards
with many wires to allow a fixed set of operations to be performed on data. The
birth of the moderncomputer may be considered to begin with the idea of J. Van
Neumann to store mot only data, but also the computer program within the computer.
Storing the program within the computer allowed programs to be handled like dots,
e.g. the programs could be written inhigher level languages and then compiled and
checked for errors. More important is the fact that programs could be modified

during execution and could be designed to make decisions based on computed results.

Once computer programs were stored within computers it was possible to
consider solving much more complicated problems. Fortunately the possibility of
solving more complicated problems due to stored programs was accompanied by a

tremendous increase in the speed and reliability of computers.
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Forty ycars ago the most advanced computers were composcd of thousands
ol vacuum tubes and for the first time in history it was possible to perform
arithmetic operations in milliseconds. However, these computers were not very
reliable, since vacuum tubes failed too often. Roughly thirty years ago the
introducrion of the transistor allowed operations to be performed in micro-
seconds and greatly improved the reliabilicy of computers. About twenty—iive
years ago IBM introduced their 7090/7094 computer - the first “big" scientific
computers with 32K words of memory and a 2 microsecond cycle time. At that

time this computer cost roughly $1,000.000.

Over the last twenty-five years the increase in computer speed and size has
been absolutely in¢redible, to give but a few examples:

20 years ago — CDC - 6600 — 200 nanoseconds

15 years ago - CDC - 7600 — 50 nanoseconds

10 years ago — CRAY-l -~ nanoseconds (parailel processing)

tomorrow — CRAY -3 — picosecondsiii

To summarize this brief history, in only thirty years there has been a
tremendous increase in the speed of computers as we went from operations in
milliseconds to microseconds to nanoseconds and in the near future picoseconds.
This increase in speed has been accompanied by a tremendous reductien in the cost
per operation and today we can perform 10-100,000 operations for the same cost

as one operation in 1960.

PROBLEM

The problem is that with all the advances in computers large computers today
still cost roughly that they cost in 1960; roughly $1,000,000 or more. This means
that even with all of our advances in computer technology we are still not moving

in the direction of allowing everyone to use large computers; this is particularly
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true ftor developing countrics which simply cannot afford large computers.
SOLUTION

Forcunately during the last few years there appears that there may yet be
hope for the common man. The introduction of personal computers and their rapid
increase in speed and size and at the same time reduction in cost now makes ir

possible for even small institutes to afford computers that can be used for

practical applications.

As an example of currently available personal computer consider the I1BM-AT

which has,
+ 254-512 K (up to 4 megabytes)
+ 40 megabytes of [ixed disk
. math co-processor (floating point hardware)
- excellent and very up to date software

When this personal computer was announced in mid 1984 it cast approximacely

$12,000, but the cost for IBM-AT compatible computers is now under $5,000.

The efficient use of this computer for applied research depends very much
on the availability of the co-processor and software to utilize the co-processor.
With the co-processor fleating point operations can be performed 10 to 20 times
faster and very accurately {co 80 bits precision). Fortunately the Ryan-McFarland
FORTRAN compiler and the INLINE/8087 BASIC cowpiler both use the cCo~processor
very efficiently resulting in application programs which can execute very
quickly.
RUNNING TIME

In order to illustrate the power of persomal computers the ENDF/B pre—

processing cedes have been converted for use on an IBM-AT. There was an iomediate
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gain in the sense thar the diagnostics from the Ryan-McFarland FORTRAN compiler
were found to be much superior to the diagnostics on an 1BM-3083 central
computer using either the H or VS compiler. This led to improvements in the
codes. Once operational the same codes were run on both the IBM-3083 central
computer and an IBM-AT. The surprising result was that the codes only ran 6 to
§ time longer on the IBM-AT (this seems amazing since we are comparing a multi-

million dollar mainframe computer to a $5,000 personal computer).

AVATLABLE PROGRAMS

The ability to use these personal computers in applied research naturally
depends on the availability of application programs. Fortunarely code
centres are now beginning to distribute programs on diskettes for use on personal
computers. The Radiation Shielding Information Center (RSIC), Dak Ridge Natrional
Laboratory has already announced that they will distribute programs on diskettes

and the NEA/Data bank will probably sconmake a similar announcement.
CONCLUSIONS

Personal computers are now available with sufficient core memory and
processing speed to be used in applied research., In addition personal computers
are now inexpensive enough to be affordable by even small institutes. As such
personal computers should be seriously considered for use in scientific

application as either an alternative or a complement te large mainframe computers.
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THE NATURE OF ENVIRONMENTAL PROBLEMS FACING DEVELOPING COUNTRIES
WITH GHANA AS AN EXAMPLE

M.K. Gbordzoe
Ghana Atomic Energy Commission, Legon, Ghana.

DISTINGUISHED PROFESSORS, FELLOW SCIENTISTS;

1 feel highly honoured to have been allowed to talk on the nature
of envirormental problems facing developing countries with examples from
Chans. 1 feel honoured because 1 cannot claim to to be an expert om the
complex problems of the environment in a formalistic sense. The science
of the environment has becowe a speclalized diecipline in itgelf, applying as
it were, very sophisticated techniques both in theory and practical observa-
tions; some of the practical techniques involve remote sensing reaching
out to space via satellites - to study vegetation and soils, rocks and
mineral deposits, atmosphere and waters as well as organisms which characterize

life in the biosphere and the interactions between all these subsystems.

INTERD1SCIPLINARY APPROAGH TO STUDYING  THE PROBLEMS OF THE ENVIRONMENT

The approach to understanding, handling and possibly controlling
the problems of the enviromment is typically interdisciplimary involving
not only the basic sciences like physics, biology and chemistry, but alsc
engineering as well as social sciences, nacional ecomomy, national legislation
and international relations involving politics, eonomics and sometimes

even military power.

My aim is to attempt in a modest way, to bring to the notice of
all of us present here, some of the problems of envircamental pollution
and destruction £acing our countries in their peculiarsituation as developing
countries gl:ruggling to free themselves from sclentific, technical and
econowic backwardness. Through this, it is hoped to stimulate some interest

in, and discussion of, this complex problea.

RELEVANCE TO SCIENCE AND DEVELOPMENT

The relevance of the problems of environmemtal pollution and control

to science and development is immediately obvious:
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Understanding air pollution in order to comoot 1t demansty
understanding of & combination of physical, cheniexzl, aeteorclo-
gical and biological aspects of air pollution - thinzs like micl-
eation of particles, movement of air masses, spectroscopy of
atmospheric constituents such as carbon dioxide; phoio dissocin-
tion, harmful eiffects of rollutants on living orcanisms, ond the
like.

w
whiE

<k

If we want to lmow whether a nuclear expleosion, be it in
Nevada, or the Pacifie, the Soharz or in Australia affects us in
our own countries, we rust be uble to eatchlich the level o hoeu-
rround radistion and deternine increcgces.

If we went to lmow whether the gboerved increzases of the inci-
dence of some types of cancer in our countries are only anparen
or due to specific factors, we mist be able to establish bascline
volues and follow trends. “hat role does the consumption of chemi-
cally treated grains - which was not the case with our zrand-
fathers and grandmothers — play? Tant zbout food dyes and sweel-
eners, skin hleachers and costnetics: or drugs which probably Tind
their way to us without having been well tested in the indusiriz-
lized countries? Or the habit of packing food in all soris of
papers? Does possible over-exposure to ionizing radiation in our
X-ray units as result of defective eguipment contribute in any vay
How significant is the pollution srom the way-side industries, or
the fitting workshons?

“hat kinds of pollutants d¢o we have in our waters, zoils,
vegetation? How far are we destroying the very basis of our
exigtence by continued large scale exportation of the natural

resources of our environment?

G1L0BAL EiVIROITENTAL PROBLILS

POLIUTION AS BY-PRODUCT OF TSTRIALIZATION

In man’s endeavour to use resgurces in his environment to
promote economic growth and social harmomy, to acguire scientific

knowledge and technical excellence and reduce the comstraints of

time and space, he has passed from the stage when he used primitive
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cannot be overlocked. This is the case especially if one takes

i 4 i T icles ying our roads.
tools to produce food, clothing and shelter to the stage involving large into account the technical defects of vehicles plying

Industries as sources of ovollution in cdeveloping countries are
scale manufacturing and conscruction with sophisticated technology.

no exceptions even if the derree of industrial pollution may not

In this process, he has created global environmental problems. The be as widespread as in the industrialized ones.

developing countriea today are no exceptions, even if the benefics of ACTD ZATH
sclentific knowledge and technical progress to them remain relatively

Years o¢f industrial pollution has led subsequentily to precipi-
modest, small or to some, even insignificanc. ) . ) ]

tation of what is now called acid rain over wvarts of Zurone,

Today,developing countries have their economies closely tied to for example, Scandinavian countries and narts of Zastern USa
those of industrialized countries.Third World countries mot only export and Canada. The extent of damase cauzed by acid rain to forests,
. . . kit e i s -
raw materials; many also import raw materials wsually in their desperate fish in lakes and rivers, crops and historical miildings is

currently in the news in Zurone.
efforts to keep import - subatitution industries running. In this endeavour, N

ST TR

they are bound by relations on which they casnot exert much influence. GREEN HOUSZ ZFFICT

X , Pt i _ ] .
1 an trying to suggest that the environmental problems of developing An environmentzl problem of sisnificant slobal character is the

50 called Greenhouse effect, whereby the atmosnhere zenerazlly

coontries cannot be seen completely in isolationm from the general economic,
acts as z window for sunlight »ut asz a blanket for thermal radis-

technical and even political forces determining their relations with the . R P

tion reflected from the eerth’s surface. This results from the

industrialized nations d resa. . . . 1z : . . .
= and sta fact that while both carvon dioxide and water in the atmosvhere

are essentially transnparent to visible light, carbon dioxide is
SOME EXAMPLES OF ENVIRONMENTAL PROBLEMS WITH INTERNATIONAL IMPLICATIONS: -

a geod absorber of infrared light. Thus, the increasing concen-
SMOG ALARM tration of CO, in the atmosphere as = result of anthropogenic

factors - mainly the burning of coal and 0il - is causing globel
In the 1960s and early seventies, it was fashionable to talk of : . . .
concern, This is beeause the increase of caerbon dioxide in the
'smog' alarm over London, or Ruhr area of West Germany etc. swog being a . . : .
! 4 ' 8 atmospinere would inveriably lead¢ to thie incrence in the velue of

combination of smoke and fog, resulting from reactiom of pollutants from the average temperature on the earth’s surfzce. ZEstimates suggest

exhaust gases of traffic and industry — cabon monoxide, sulphour dicxide, an increase of about 200 - 50(} by the year 2050 with projected
oxides of nitrogen, hydrocarbons, etc. Today, in industrialized countries, carbon dioxide increase. Interested readers would recall that

efforts are on way to produce automobiles which would be more"friendly™to measurements of the concentration of atmospheric carbon dioxide
the environment;and industries are being forced by legislation to observe have been carried out since 1957 at the IIAUNA I0A OBSTIVATORY in

. ™ HILO, HAUATILL, 21 .
‘minimum emission standards for atmospheric pollutants. With regard to

daveloping countries, even if the density of traffic may not be as high as 0Z0K= TLPLETION I THE STRATOSFHERE
in & typical European city, pollution resulting from traffic in urban areas Concern has also been expressed about the global effects of the
reduction ¢f ozone in the stratosphere by the action of chemicals
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such as:

chlorfluoronethan , CFM(CCI3F, CCl2F2) through catalytic reaction
eycles[ 1 ], or eventually by supersonic flights. The concern
surrcunds the probable increase in the incidence of slikin cancer
as a result of increased Ultra-violet roediation(UV) which would

reach the earth.
POLIUTION OF THE OCTANS

The problem of pellution of the oceans by crude oil - wether
at an off-shore érilling sive, or Zrsm 2 Liberian or Trznonaeiion
tanker wihich "bresls anzrd” or sinks on the high seas, or throuzh
military conflicts as is haprening in the GULF war, should not be
a matter of concern to Insurance companies and Cil Hultinztionals

only; it has global environmental implications.
NUCLZAR JINTER/NUCLEAR HAZARD

The latest fashionable enviro-word is "Huclear “'inter" which
gcientific studies suzgest would result,should there be a full
scale nuclear war between the nuclear powers; this state would
be characterized by prolonged darkness, abnormally low tempera—
tures, vioclent windsiorms, toxic smog and persistent radicactive
fallout on the planet “earth"[ 3 J.

It should not be forgotten that in the absence of such a nuclear
econflagration, there is #till a hazard from nuclear accidents:
There are military bases with formidable nuclear weapons spread
all sround the world:; nuclearsubmarines are constantly patrolling
under the oceans; nuclear armed planes and other nuclear warhezds
delivery systems are ever ready to be set inte action; and the
probability of acting on false alarms cannot be ruled out. A
nuclear accident, whereever, and in whichever form it may occur,
nas serious environmental repercussions not only for the auclear
powcr states, but for the whole of mankind. This is valid,
naturally also for chemical and biclogical wreaponry or warfare.

lMuclear Reactors/Muclear vmste management:

Concerning the peaceful uses aof ruclear energy, it has been noted
that despite the growth of strong anti-nuclear opposition in a
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number of industrialized countries, aud the slowing dovm of the
development of power reactors in others, the development of nuclear
power reactors world-wide will continue, In his statement to the
27th Regular Session of the Generel Conference of the International
Atomic Energy Agency in Vienna on 10th CGctober 1933, the Directer
General, Hans Blix, gave the number of nuclear nower reactors
operating in the world by 1302 as 297 =¥, accounting for about
105 of the world’s electricity production[ 4 ", He mentioned ag
one of the obstacles to increasing the use of ruclear nower in
developing countries the fact that existing electricity r~rifs
were not suited to zccept generstion canceity increments of
600 Negawatta(electric), or more, associzted with larze nuclear
reactors commercially available teodey. He indieated that stens had
however been taken in cocperation with interested TAEA members to
initiate a study of the general case for Small znd liedium Size
Power Reactors which might satisZy the needs of develonin: souniriez.
T+ is clear that if rore develonins couniries should ori for
the accuisition of nuclear pewer reactors, they should take into
account, the envirenmental problems involved. The ruestions of
safety, nuclear waste management - how to trear them, store them
and dispose of them - must be clearly answered.

Today, the matter of safe dispesal of radiocactive waste is
posing a formidable problem even Tor the technically -dvonced
countries. Thus, it is not uncommeon to hear or read from tine to
time of approaches made to some develoning countries %o accept ilhe
dumping of muclear waste in these countries, The disposal of nuc-
lear waste in the oceans also has global environmental imnlice-
tions end is coming more and more under criticlsm.

From the foregoing, one may assert that the scientific, tech-
nical and safety aspects of nuclear power and their short and long
term enviranmental implications are relevant noi only to the nuclear

power states but also %o developing countries generally.

##[Tatest number quoted by the Director Ceneral is 313 for 1933 ]
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ENVIRONMENTAL PROBLENS OF THIRD ORLD COUNTRIES

the highway of the century - was to be built from the Atlantic

Against the foregoing background of global environmental problems, Coast to the border with Peru. With this project never having
we may now turn to the situation of developing countries with been realized, it left behind 2 rithless destruction of virgin
specific examples. In this regerd, it is remarked that although forests and displacement of Indiosz,
particular examples of environmental problems may be attributed Naturally it is not only commercial lozging for export which
to natural or man-mediated(anthropogenic) causes, these causes is destroying tropical forests. Firewood and charcoal have been
cannot alwaygy%ully separated. Thqamay overlap and reinforce each the main source of fuel in Ghana - like many other African
other as the case may be. IZspecizlly some causes which may seem to countries - especially for domestic use. This has remained so
be natural today may have had some athronogenic origin in the distant even in the urban commnities, although slectricity and gas have
past. become available to a very small section of the urban population

DEFORESTATICN for boiling and cooking purposes. There is neo doubt that the

demané for wood as fuel will continue to incresse in (Ghana .
The clearing of ftropicel forests continues unabated. “stimates . ;
o enie It is also noteworthy that Ghana has depended for many decades -
of the Food and Agricultural Organization{PAQ} suggest that . .
g almost a century - on cocoa as the main export item(monoculture
11.3 x 10" ha or more of tropical forests are clezred annually ) _ . )
— cash cropping). This has necessitated the conversion of large

. 4 2 .
world-wid ha = {0 . Naturally my country Ghans is not an .
el 1 ha m” ] 8 ally my r} forest areas into cacoa plantations over the decades. With the

exception. Ghana has some of the hardest tropical woocds such es R - . . s
aginrg of cocoa trees and drop irn soil fertility, Tarmers hove
Bmiri, Dahoma, Odum and the like; these types of species reruire tens . . . .
' ' ' ye N ’ had to start new plantations, This takes us to shifting culti-
if not,hundreds of years to grow to commercial size. Like other . . . . .
vation which accompanies not only cocoa farming, but is charac-

tropical countries such as Brazil, Burma and others, Ghanz has Lo . . . .
F ’ ' = teristic of traditional agricultural practice. This practice and
exported tropical hard wood since ages. The country’s tropics A . )
seasonal bushfires in the dry season have also contributed to
virgin forest has alnest completely disappeared, Some really very . . i .
the reduction of forest zones and their transformation into

valuable species such as ebony face the threat of complete dis-
savannah-grassland.

appearance. In the most intensive periods of exploiting these natu- . .
One serious result of the eatec.ted cl2aring of forests near

ral resources, commercial legging was never accompznied by replan- . .
tine sources of stireams and small rivers is the drying up of such

The example of Brazil’s Amazona = an area of about 350 million ha aguatic systems which in the past served as scurces of water for

with about 12 ¢ of the world’s forest reserves illustrates the domestic use in many rural areac in forest zones.

deforestation provlem even more dramatically, Evaluation of TEREAT TO SAVANITAH AYD TROPTCAL GRASSLAND- DLSERTIFICATION

tellite phot hs indicate that beiween i d 1980, the 1 d
s ¢ photograpas indicave ab bewe 975 an 930, € ~oese The Savannah and Grassland areas constitute imporitant farming

rea of the Ama f t % 2,8 to 12,4 milli 1,
area e zona forest rose from 4 million ha [ 5 1 areas not only for tubers but also for grains and vegetables.

And apparently as a way to solving the economic problems of drought- .
93 ¥ ¥ g P They are also the main grazing land as well as important sources

stricken North-Easterm Brazil, = project was launched in 1 - with
& ' pred 979 of woed for fuel. Although forest areas do suffer seasonal

the blessing of the VWorld Bank - to resettle millions of Brazilians .
& bush-fires, it is the Savannah and Grasslands which suffer most.

in the Amazons, A 5200 Em. transemazonian highway — "Transamazonica"”
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Subjected to annual bushfires, overgrazing, drought and seil
deterioration, these areas which have the greatest potential
for a reasonable degree of agricultural mechanization are the
ones most threatened by desertification.

It is estimated that about 4% of the area of Ghana which
borders on the Sahelian zone to the north is threatened by the
Sahara desert which is zdvancing southwards., Although dams have
been built in the Northern and Upper Regions for domestic and
agricultural purposes, extended periods of drought, siltation,
erosion and seepage have resulted in reduced 1life expectancy
of such dams [ 6a ]. This kind of situation means great uncer-
tainties in agricultural activity in an area where farmers

depend mainly on rainfall !
GHANA'S ENERGY GCRISIS

Extended periods of drought since the 1970s have seriously
affected the largest man-made lake in the world. The Akasombo
dam water level has Tallen below the 248 feet(74.4m) minirum
level of operstion designed by the engineers, having fallen
below 236 feet in June 1984. Hence, for some time now, only
two, and scmetimes one, out of the six generators are put into
operation. Thus, environmental influences have incapacitated
the 768 M{Y Akosombo hydroelectric dam and the 140 IT7 Koong dam
24 Km down stream. This has led to electricity rationing fer
both industrial and domestic consumersas well _s neighbouring
countries like Toge which get eléctricity gupply from Ghana,

It is noted that with the coming of the major rainy season
this year{1934), the lake level at Akosombo has begun to rise
gradually, With the continuation of this trend, one can look
forward into the future with hope for the resumption of full
generation of electricity.

Notwithstanding the expected return to full scale genera-
tion of electricity at Akosombo, it should be emphasized that
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the experience with the Akosombo hydroelectric dam has oeen
very instructing:

First, it was the significant impact of the dom and lzke on
the environment - on [Tlora and fauna involvins the disapnea-
rance of large vegetation areas and larme nunbers of wils

1ife and the appearance of new Ilora. lNow, the influence of
environmental facters on suck a gigantic hydro electric dam
with the probable conseguences have peen dranmatically indicat-
ed ' TFurthernore, with the damming of the Yaltz River, Ghana
has exhausted the largest percertuge o7 her ayvaroglectiric mover
potentizl, In the caoe 0f rrecter demand Tor encrl. what
alternatives does the country have?

In the sbsence of any cpectaculor advances in the larmessing
of solar energy world-wide and in developing countries in parti-
cular, one may think of the following:

a. building of smoller hydro-plants on the counsry's ameller
rivers, whereby the criticalities of environnental fociors

exnerienced with the Akosombo dam remain to be considered;
Iy

b. going back to conventional generators wihereby the country’s

demand Tor petroleum products would inerease with inherent
foreign exchanre reserve problems;

c. importation of nuclear power reaciors {(as a remose nossi-
bility), whereby a situation of grest dependence on the supulier
and foreisn technology would be created;

d, the harnessing of tidal waves to generzte e¢lectric power,
Ghena's atlantic coast is supposed to be amonz the areas in the
world, where cosmic influences on the oceans of the earth could
profitably harnessed for electric enersy production, basel. on
the use ol temperature rzradiemt [ 7 1. The coansiraint voull be
the scientific =znd technical 'mowledge necessary fo realize

such a project.
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MINING, INDUSTRIALEZATION AND THE IZNVIRONMENT

A, MINING

The principal minerzl deposits nmined in Ghana are gold,
diamond, manganese and bauxite. Anong these, one may mention
the gold mines where the ore contains arsenic and sulphur as
sources of environmental pollutants; for exammle, in two minine

areas - Obuasi and Prestea where arsenic poisoning, w

tion and destruction of vesetation are lmovm to ocour.

B. ALUNINIUM SMELTER IN TEHMA
The Aluminium Smelter in Tema, Ghana, VALCO ( Volta Alumi-
nium Company) ovned by Xaiser Aluminium and Chemical Conmpany,
USA, processes Jamaican Alumina into Aluminium using electri-
city from the Akosombe dam. This involves the reduction by
carbon anodes of Alumina(A1203) in a melt of Sodium fluoride
and aluminium fluoride apuroximately the composition of
cryolite(ﬂa3A1F6). Alr pollution is associated with the
enission of gaseous and particulate fluoride compounds,
Pollutants other than flouride compounds include tar aerosols
and sulphur dioxide [ £ ]. Studies carried out in Norway in
forest areas within 32 Im from aluminium smelters showed
pollution effects attributed to the above menticned pollutants.
Animals which consumed herbage and polluted water in such
areas were also kmown to suffer fluorosis, a state which could
lead to reduced foed intake, less production of milk and
reduced reproductive capacitr [ 8 1,
I am not aware of any systematic invectigation im this

direction with respect to the production of Aluminium in Ghana.

C. A SMALL ASBESTOS INDUSTRY IN GHANA

Generally, asbestos is used in insulation, in friction
products, for example as brake linings of automobiles and

as roofing material. fAsbestos which oceurs in fibrous form
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sives of) Tibres which can exist in air ag solid narticles,
Che mnterinl is mgwm to be carcincgenic ond produces osccupa-
tional health haszord imom as asbestosis, associated with chro-
nic lung disease, lung cancer and heart disorder 37,

In Ghana, two firms - Pulgrit and Ketane - operate
asbestos industries mainly for producing roofing material and
water vipes. The cocalled "wet-procezsing" technigue is
employed; risk te nealtn is suppesed to be associeted only with
the pouring of asbestos material into a pulverizer. However,
the fact that the firms use as raw meterial blue asbestos -
allezec to e most toxic - is alarming, esnecially vhen one
talkes into account the usze of the end product iz water supply

Tas anterial is oLoaported, iU

or sewerage systens.
- oaviousn thot the ollie ogne lo sclected becausce 1t may we the
cheaneat. It iz relevant to rnote that becaouse of its carcino-

genicity, the use of asbestos in inducsrialized countries is

conlng more ond more urnder oriitism, in Great Britain,
suggestions werc nmade L0 remove asbesios as insulation material

in scnools,

D, OIL REFIKERY

Pollutants usually associested with oil refineries are hydrocarbons,
nitrogen oxides, sulvhur dioxide, carbon monoxide and particulates. Ghana
has an oil refinery iocated in the industrial township of Tema. It was built
in the 1960's at a time when even in the industrialized countries, control
on emission limits of pollutants was not very stringent. Tre case of the
0il refinery is mentioned in order to illustrate the fact while legisiation
on emission limits of pollutant from industrial plants in industrislized
countries is becoming more stringent these days, many developing countries
imported and installed planta in the past, which today probably donot measure
up to the environmental standards being demanded by legislation in the
countries of origin. Current economic censtraints would not permit many of
these developing countries to effect desired technical innovations on such

pPlants.
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Ingredients for Industrial Pollution do Exist

With the szbove few examples, it is possible to demonstrate that with the

beginning of industrializaticn, all the ingrediants for industrial environmental

pollution do exist in a developing country like Ghana. The concentration of the

country’s most important industries in cnly s few urban areas, particularly in
Tems and Accra, due to energy availability and infrastructural problems, is

indicative of the %rend in mamny develeping countrioes.

AGRO-BASED ENVIRONMENTAL POLLUTANTS:

Herbicides, Pesticides, Fertilizers

The best known insecticide to us when we were at school was DDT
(Dichloro diphenyl trichloroethane). It was used mainly against mosquitos.
There were cempaigns to irradicate the maleria vectors with World Health

Organization sponsored spraying programmes using DDT.

Since DDT was widely used in many countries, it is adverse effects
eventually became Known. The consequence was the banning of the application

of DDT in many industrialized countries with the Scandinavians teking the lead.

However, DDT continued to be exported to and used in most developing
countries, especially in the tropies. The results of mosquito irradication
programmes have remeined guestioneble and reports of the successful application
of the chemical was sometimes accompanied by other side effects. In Bolivia
St. Joaquin [9] the anti mosquite spraying campaign was supposed to have had
the side effect of killing cats in the village. An invasion of mouse-like
mammels which carried the black typhus virus was the consequence, leading to
the death of 300 villagers. Some success against tsetseflies in parts of
Northern Nigeria through use of DDT and against the African migratory leocust
vhich inhabit parts of Mali and avalley in Tansania and seasonally migrate,

devouring everything green on their way—through the use of organc chioride

insecticides was reported in the 1970's [10]. But in no way has the tsetsefly
in Nigeria or elsewhere in Africa been irradicated. The side effects of
these insecticides like herbicides are considerable. It is now widely known

that insecticides donot only destroy target insects but alse useful ones and

birds. Animals and humans are no exemption.In 1979 there were reports in

West German newspapers on the insecticide Hexachlor cyclohexan, HCH,which was applied

in forestry in Hessen. The chemical was supposed to have passed onto grazing
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jand and traces were found in the milk of the cattle and thug passed over to
numans, causing injury, speclally to children. Other insecticides are known
to cause cancer in experimental animals, for example, Ethylene Diobromide {EDB)
used for ireating grains. The chemlcal has been found in food products such
as wheat flour and popcorn made from EDB ireated grains. Tests have alsc
proved that it is carried through the soil into underground water. Hence the
Environmental Protection Council of the USA has decided to ban the use of
Fthylene Dibromide in treating stored grain.

The problem with developing countries lies in the fact that there are
usually no systematic studies to document long term environmental and health
hazards of the chemicals before being used. They depend on information

supplied by the marketing or importing agents.

Ghana, for example, imports about 8 different types of insecticides
cymbush (cypermethrine}, actellic, agrothion {femetrothion), dieldrir,
phosdrin, bidrin, ripcord, phostoxin and gbout 5 different types of herbicides
atrazine, saturmete, trifluralin F46, gramoxcne, stam F34-T, [11]. The
environmental effects of these chemicals remain yet to be studied and

documented.

Naturally, also fertilizers must be mentioned. The main polluticn
aspeets of Pertilizers is due to the fect that excessive use or in-appropriate
application can negetively affect aquatic ecosystems and ground water resources
[12]1. This is of particular importance to farming communities of developing
countries which may depend at one time or another on ground water for domestic
use. Excessive use of nitrate fertilizer leads to nitrite formation in soil
and water. Phosphate fertilizers do contain small quantities of naturally
occuring Radioc Miclides- Uranium, Radium, Thorium and Potassium [13]};

therefore, it is important that farmers be educated to handle them with care.

In order that afro-based chemleals would be applied to enhance
productivity with a minimum of adverse side effects, UNESCO has made proposals
for a thorough ecological study of the problems of' pest control involving the
uge of herblcldes end fertilizers [12]. However, it remains questionable
whether manufacturersof these chemicals in their desire to conguer markets in
3rd world countries have any real concern for the pollution which their
products may cause. Many 3rd world countries also seem Lo take such products
for granted even if their effectiveness and side effects are not well known.
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T
THE JFRBICIDAL WAR IN VIETNAM regulation of tree felling for fuel etcetera, and the protection of lakes,

It would he a serious omission not to mention the terrible effects of rivers and streams. Systematic studies of available natural resources should

the herbicidal chemical war fare of the USA against the people of Vietnam and be undertaken with the view to arhieving a balance between optimal utilization

their god-given environment between 1961 and 1971. In question is the herbicide and conservation. This is essential becsuse future prosperity depends cn their

with the chemical formular 2,4-D and 2,4,5-T nick.-named Agent Orange containing availability.

Difficult Choicos

the highly peisoncus Dioxin (TCDD) which came to be known world wide as Seveso

As mentioned earlier on, pollution as we have come to find it today,
poison. About 91 million kg of the herbicide were used by the USA to destroy

has accompanied industrialization. In their desire to achieve better living
in Vietnam [South), about bL¥ of the tropical rain forest, 60% of the rubber

conditions for their people, developing countries cannot discard the idea of
plantations, 1500 000 ha mangrove swamps in a larpe scale defoliation campaign.

industrialization. They must create the necessary material and economic basiz for
The extent of ecclogical and genetic effect on flora, fauna and man have been

o0ld age care, for production of sufficient food and adequate housing, for better
unkpown in human history (2b]. The incidence of cancer and birth defects are transport and communication, for soelial harmony and cultural fulfiilment, and
abnormally high in the areas sprayed. The gentic effects are reminescent of al1 the other things which define the quality of life in our times.
those of the nuclear bomb victims of Hiroshima and Nagasaki. Children =are
born without brains or even heads or sometimes with only the lower extremities. In this exercise, most developing countries are often placed face-to-

face with difficult choices, since they donot contribute much to the scientific
A scientific conference held in the Ho-Chi-Minh City from lhth-20th

and technological innovations underlying the development of industry in our
January 1983 has documented the long term ecological and human consequencies of

days. In order to attract foreign investment, they are supposed to make the
herbicidal war farc. The Stockhelm International Peace Research Institute has

investment climate favourable - cheap labour, taxalion concesssions, guarantee
just releaced a book (this September 1984) entilted "HFRBICIDES IN WAR" . . . ) i
of repstrition of capital and profits and available cheap sources of energy ;
edited by an American Professer of Ecology at Hampshire College, Amherst,

and among those factors which create a Tavourable climate, the would-be-investors
Massachusettes, Dr. Arthur Westing, who was co-president of the conference in

in developing countries may not count stringent legislation on environmental
Ho-Chi-Minh City. The conference was attended by 72 foreigners and 56

polluticn which may demand extra capital expenditures to start with. (In fact
Vietnamese scientists.

lack of stringent laws on industrial pollution in many developning countries has

A picture is shown of an abnormal child, born with cyclopen eye with become an attractive factor for some investers). Should a government close
a penis on top of it [1k]. This was in an area sprayed with the chemical. down a factory which produces asbestos sheets or other items considered to pose
& picture of Ecological Conscience- A Picture of cur 20th Century! health or environmental hazards, then l( may not only be creating a few more

unemployed hands and losing some sources of revenue, but may not be able to

initiate gquick action for alternative meterials.
WHAT IS TO BE DONE 2

In this sort of situstion, there is urgent need tc create in
Having said all that, the question arises, what is tc be done?

international forums a better understanding of the environmental problems

First =znd foremcst, awareness must be created on naticnal and regionsal facing developing countries and their revelance to the general economic

levels on the nature of the problems of the environment . Developing countries yrelations between the developed and the developing countries. A more critical

should initiate programmes to do what is in their power to arrest further approach may be adopted to the issue of investment, taking account of existing

deterioration or destruction of the environmental basis for a secured and seientific understanding of envirommental pollution in inlustrialized countries

meaningful existence of their people. Such programmes, mcdest as they may be, and expanding development of technical devices to control it. The

could incorporate afforestation, nation wide tree planting, selective logging, environmental problems of developing countries today, if left unheededs can
become alsc part of the economic problems of the industrialized countries
tomorrow.
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With regard to agro chemicels it is clear that many developing
countries spend huge amounts of money importing and using herbicides, pesticides
and fertilizers in efforts to increase food production and agricultural raw
materisls. However, existing scientific knowledge on their short and long
term effects, especially herbicides and pesticides, does not Justify their
indiscriminate and improper application. In Ghana for example, a major factor
contributing to foed shortage is the problem of staorage. Using herbicides which
may have adverse effects on flora and fauna in order to reduce cost of labour in
farm maintenance cannot be Justified if the food produced cannot be effectively
stored, any way. Thus, it may be necessary to restrain the widespread use of
herbicides while systematic studies and efforts are made to promote an optimal

application of fertilizers and insecticides.

With regard to fertilizers research efforts can also be direeted
towards the use of orgenic manures. It is known, for example, that the soil
under the ACACIA ALBIDA tree in the Savannah areas of West Afrira has more
organic matter and minerals and is thus more fertile than the soil further
away . The tree is even said to act as a herbicide; varicus crops are observed
to grow under it better [15,16]. Thus, the systematic planting of such a tree
and the use of its good agro properties in the region could be developed similar
to the traditional use of the AZCLLA weed in Chira and Vietnam to aid Nitrogen

fixation in rice growing areas.

Whatever positive is to be done, demands naturally not only well
organized national efforts, but alsc regional understanding and cooperation

among the developing countries concerned beyond conference tables.

The Fovironmentel Protecticn Council of Ghana

In Ghana, an Environmental Protection Council (EPC) was created in
1973 [17] and chargel with the responsibilities for
1} Coming to grips with the complex problems relating to the environment
2) Striking a balance between the demands of rapid economic development
and the need to protect the country's natural heritage and resources.
3) Safe guarding the health and welfare of the people by providing them

with a whole-some environment.

Formidable tasks indeed | Recently, however,
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the EPC has embarked on educational programmes to create awareness of the serious
nature of the ecological problems facing Ghana [6a,b] and possible contributions
which the people can make towards improving the environmental conditions. Such
steps are positive in situations where there are no specific laws regarding

environmental pollution through mining and industrial aetivities and the like.

UNANSWERED QUESTIONS

Many questions have been left untouched, for example, the population
problem. Which countries are over populated and which are under populated
or normally populated? Of what relevance are population growth and urbanization

to economic development and environmental problems?

There may be widely divergent views on this - traditional perspectives
and demands of modern society. Naturally a talk of this nature cannot exhaust
all problems. For some discussions of the urbanization and other questions

relating to economic development and the environment, cee for example (18,19]

CONCLUSIONRS

Development of Awareness on the National and Global Environmental
Problems Facing Industrialized and Developing Nations and States.

The Greens in Europe did not come overnight.

¥aturaliy, awareness of the problems of the environment in Europe, America

and other industrislized countries as it is in these 1980's did not come over-
night or as a matter of course. In Western Europe, it has been activist groups
especially in the Scandinavian and German speaking countries usually in the
minority and sometimes even the apparent outcests in the society of the affluent
north-who initiated actions which ultimately made a significant percentage of

their people aware of the vulnerability cof man's environment.

They questioned the theory of unlimited growth in the free market
economy, they opposed uncompromisingly the use of chemicals by the USA in
Vietnam in defence of the "free world".  They discussed actively in seminars
how exploitative economic systems and multinaticnal companies contributed to the
destruction of the environment in third world countries, in search of gold and
uranium. hardwood and other forest products; through the creation of large
monceslture plantations; through uncontrolled mining activities which left
behind barren land-scapes. They pointed cut how this process uprooted original
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inhabitatants of these areas be it the slaves from Africa, the Incas of Peru in
the 16th century, the Aborigines of Australia, the Eskimos of Canada, the West
Inditniiof the USA or the Indios of Brazil.

They pninted firgers at the unacceptable pollution of rivers and
destruction of forests and landscapes in their own countries through the

activities pf firms which showed little or no concern beyond their own profits,

They eriticized their own societies which threw away old paper, glass,
bottles, tins and many more while making more and more demand cn the raw meterials

of third world countries.

They questioned the export of large technologies and nuclear reactors to
third world countries and the massive settlement of industries in their urban

areas without regard for the environmental hazards.

Even if today, one may not agree entirely with every way in whieh these
groups initially had seen the problems, they have succeeded, all in all, in
awakening an environmental conscience. They have awakened awareness on the
limits to which man can disturb the natural equilibrium in the world around him

in this our technological aga.

Creating Awareness in Third World Countries

Today, the educaticnal activities of the UNESCO through the United
Nations Environmental Prograrme [19] is helping to awaken consciousness among
certain sections of the societies of third world countries. National
Environmental Protection Athorities may also be making efforts in their own
ways on national levels. But the mass of the people, usually illiterate and
unable to attribute the sum total of the effects of envirommental destructicns
to the original causes, remains yet to be reached. They should be brought to
the awareness to appreciate:
~ the dangers in seascnal setting of bush fires for hunting and other purposes
and in-discriminate cutting of trees for fuel,
- the advantages of afforestation and tree planting programmes,
~ the dangers of using chemicals like dynamite in fishing in their own rivers
and lakes, and many other actions which probably though the result of frantic

struggle for materiel existence and survivel cannot be allowed indefinitely
unchecked.
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Possibly also, many national governments in developing countries are
yet to become aware of the dangers involved in entering certain economic
relations or promoting some types of economic development projects which
ultimately will bring little material returns to their people but destroy their

very basis of existence.

And probably, the idea should appreciated deeper in the industrialized
North, that the globe has finite dimensions with finite resources, rescurces
which cannct be wasted indefinitely. The solutions of the problems of the
environment demand international understanding and cooperaticon, scientifie
knowledge and technical skills, coordinated efforts of various diseiplines-
physical, chemical, biological and medical sciences, engineering and technical
designs , legislation and effective administration and many others which act
together to make develcpment meaningful, with an eye on the future and on

humanity as = whole.

Thanks for listening.
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