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STIDMCR TOLLSFEN FUR Davil DT

“axi regeasch b s Yeders! truct | basnie
rewesoeh (da) omy jesirument in the netion's locg. term welfsre
becsues 1ts benellis sro ¢ brosdly distributed. ouite sleply basic raseuvehn
s 2 vits" underpinalng for our national woll being.” - George 4. Keyworth TI,
U.8. Presldential Seleace Adviser, testifying before the Bocre Comelbbes oo
Sclence and Techpology, 1084,

1. The Replect of Pazic Sclences in Developing Countrles

Lat me say at the outset that my credentialz for writing on thls subjeck
are those of a humble cesearch physiclst from a developing country whe has hsg
the privilege of directing a Unlted Mations run International Centre for
Theorstical Physics (ICTP) at Trieste. Since {ts inception in 1964, ICTP has
welcomed of the order of 22,000 vislts of experimental and theoretlical
research physicists; 11,000 of these working in developing country

Universities and Research Institutes.

Based on this experience, galned over the past twenty years, the thesls 1
wish to present is this: barring a few of its countries - Argentlna, Braril,

China and Indis - the thicd world, despite 1ts recent reallzation that science
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and technnlogy are the suﬂleﬁ;nce, id 1t mejor hope for esonomic tetterosnt,
hui teken te eelente ap sembpes’ of wrer trobeclpnligy - es eniy a msrgined
acklvity. This is plse tour of the . o whring 2zencies of ths richer
conialoden, of the speredor af gl VWdits o tineg and glpe uifartunntely, of
ihe sclentiflc com=unitles of i+- Covitor ot reunisign which migkt fatureliy
heve been expected to ba tie iled w1 4 fantisls’ Foremeq' allies. |
purpess in Lhis artlels i3 te reflect o the puniliva of Sclences In tha
developing touatrlsas, and to highlight, in particular, the role of tha United

Nations and other Agencles in ameliorating ths situstion.

Why am I Insistent that sclesce in developlng countries. has been treated

ag & marginal activity? Two reasong:

First: pollcy makars, prestigious commlssions (like the Beandt
Comealzsion), &5 wall ss ald-givers, epeak utilformly of problems of technelogy
transfer to the developing countries as Lf that g all that ls Involved. 1t
i3 hard to belleve but true that the word "sclience” does not figure in the
8randt Commission repoct. Yery few within the developing world appear to

stress that for long term sffectivenass, technology teansfers must always be

accompanled by sclence transfers: that the science of toduy is the technology
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7 tomorrow and that when we speak < wilence it must be bSic.d based In

order to be effec. ve for applicatlicis. I would evon ge o far as to say;

m Steven Dedijir has given an example of broad-based science necessary

far applicatlions, which I quote in hls words:

"RAW MATERIAL RESEARCH

Ansiytic Chemistry Organic Chemistry Ultrastructure

1. Detection and elim- 11. Bffect of techno- ITI. Mutpitional and
jnation of harmful ogical process on sensory evaluatlon of
factors nutcients food formulas

Clinlcal Chemlstry Physics Technological Mathematics
Alilmentsary sclences Ultrastructure Sensorial metrology
Toxicology Allmentery sclences Experimental mediclne
Wutritlion and Metabolism Organic Technology Physiology

Physlology Mutrition and metabolism

The above table translated from a 1981 MNestle pamphlet iliustrates the
gtrategic advantage the lndustriallzed countries have in all technology tramnsfers
over the other countries. The table shows all the baslc and applied sclences
Bastle uses to develop, from the Soya bean plant, a serles of produckts, processes
snd production units. The brochure then shows how these products, processes,
factorles are “transferred”, smong others, to the South. The scientific base -
the know-why, know-how, know-who of sclence - is not transferred. Tt remalns "at
home™ as & foundation for newer, better industrial ocutputs.

The sclentific base of all products and processes, is becoming stronger.
The more sclence a new product or process has, the more it is liable to be
competitive. Most Third World countrles have hardly any creatlve science.
Ninety per cent of world research potentlal is concentrated ip about 35 countries
with about 25% of world population. Hence the imperstive necesslity for a Third
World country to Eind the most effective policy to bring about rapidly 2 macro

on which to base its development. Without such a sclence
transfer a Third World country will continue to be technologlically, and hence
sconomlcally and polltically, cne-sidedly dependent, more simply sald, explolited
in its international exchanges®.
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if one was belng machiavelllan, one might discern sinister motives among
those who try to sell to us the idam of technology transfer without zcience
transfer. There is nothing which has hurt us In the thicrd werld more thon
the slogan in the richer countries of Belewant Sclence. Regretfully this

slogan waz parrotted in our countrles unthinkingly to Justify stifling the

growth of all science.

Socond: sclence transfer is effected by and to communitles of
sclentlsts. Such communitles (in developing countries) need bullding up to a
eritical size in thelr human rescurces and Infrastructure. Thia bullding up
calls for wise science policles, with long-term conmitment, 5ena;ous
patronage, self-governance and free International contacts. Further, im our
countries, the high-level scientist must be allowed to play a role in
nation-bullding as an equal partner to the professional planner, the
economist and the technologist. Few developing countries have promulgated
such policies, few aid asgencles have taken It as thelr mandate to encourage

and help with the building up of the scientific Infrastructure.

2. Why Science Transfert

What is the infrastructure of sclences I am npeniln; about and why?
First and foremost, we need sclentific literacy and science teaching - st all
levels - and particularly at the higher levels, (at least) for englneers and
technologlsts. This calls for Inspiring teachers, and no one can be an
insplring teacher of sclience, unless he has experienced and created, at least
some modlcum of living science, during some part of his career. This calls

for well-equlpped teachling laboratories and (in the present era of



fust moving sclence), the provision of the newest journals and books. This

i2 the alnimm of scientific infrastructure any covutry needs.

Wext, should come demands on thelr own sclentific communities -
consisting of their own natlonals - from the developing country government

agencieas and thelc nascent induetries, for discriminatory advice on which

technologles would be relevant and workh acqulrlng.

Still next, for a minority of the devoloping countries, there is the
need for basic scientists to help their applied coilea;ues' research work.
For any soclety, the problems of its agrlculture, of its local pests and
disesses, of its locsl materials bage, must be solved locally. One needs an
underpinning from a flret-class base in basic sclences to carry applled
ressarch In these areas through. The craft of applled sclence, in a
developing country, 1s much harder than the craft of basle stlence, simply
because one does not have avellable next door, or at the other end of the
telephone line, men who can tell you what one needs to know of the basmics,

*
relevant to one's applled work ).

n)r-n; ¥i, the Chiness Mlnister of Sclence and Technology hae given another
voaren for support of basir rclences. Bot!lng that wajsr tochnologicatl
sdvances will become more und more dependent an bregktliroughe in tasic
resesrch he haz made the polnt that “‘seme forelgn courirles™ will be lepe
willing te publiciazs thelr baelc vegewrch ia Lhe opon litcegtuvie., Chins

enald therefore pay cvnt mors otbtention to euch filelds of bagis reseerch” .,

"Eature®™, Vol. 307, I February 198%.

e
And flnally, at the sdvanced stages ) of & country's devalopment, is
the need for baslc sclentific research For the riches it might unexpsctedly

yield for technology. Many examples of thls come to one's mind.

Consider gome of the breskthroughs in my own field - the fleld of
unification of fundamental forces of nature. 1In this context, Faraday's
unification of electrlcity and magnetlsm, accomplished in the last century,
1s certainly one of the most etriking examples. When Faraday was carrying
out higs experiments - ihovin; that while a gtatjonsry electrlic charge
produces an electric force on snother charge in its viclnlty, a moving
electrle chacge produces @ magnetic focce - no one could have imagined that
this simple dlecovery in a laboratory in a dilettante part of Plceadllly in

London would lead to the entire corpus of electrical generatlon technology.

Just to emphugise how relatively ugaleiu Faraday’s work wes thought to
ba by hls contemporaries, conelder the assepsment by one of them, Charles
Burney, of the usee of elactricity versus muslc. "Rlectrlcity 1is

universelly silowed to be u very entertalning and surprising phenomencn, but

X
)I hnve zssumed throughout thie arthele that no ona ln authority In

developling ceountrles, 3x In the silghtest bib interesied inm the
wivarsomert of bnowledge for 1ls cuwn weids - 2l feact meb by thled world

ratleazle working in rhe third worid?



it has frequently been lamented that it has never yst, with much certainty,
been applied to any very useful purpose. ... (while) it is easy to point out
the humane and important purposes to which susle has been applied. ... Many an
orphan 1s cherished by ite Influence, and the pangs of child-birth are

softensd and rendered less dangerous ...".

The story of the unificatlon of electricity with magnetism continues with
Haxwell, who lmmediately followed Paraday. From purely theorstical
considerations, Maxwell suggested that an accelerating electric charge
wouldproduce electromagnetic radiation. A faw years after Maxwell's death in
1879, Hertz in Cermany verifled Maxwell's predictions and found that the
spactrum of Maxwell's predicted radistion consisted not only of light waves,
but also of waves ol longer wave length - radio waves - as well as waves of

shocrter wave length - XI-rays. Thuse, from 8 simple theoretical calculation

made by an obscure prof r flowad the nafuels of radio, television and the
modern comsunication systems, as wall as the abllity to see through a human

body with XI-rays.

%0 ses how the climate has changed in developed countrles since Fargday's
time, when » hundred years after Maxwell, in the 19603, my colleagues at
Harvard, Clashow and Welnberg, and I independently took the next step of
postulating a unification of two further forces of nature - of
elactromagnetism with the weak nuclear force of radloactivity - even the
London "Economist” took note and counselled perceptive buslnesemen not to

ignore the llkely economic consequences of this new development.

Last yesr, in January, the great joint Ruropean Centre for Buclear
Research (CERN) at Geneva provided direct conflrmation of our theory. It d4id
0 with technlcal brilliance of the highest ordec, at a cost of around
$50million. I am not suggesting that the developing rountries should create
sccelerator laboratories like Cern. However, sven if the London “Economlgt™
may have been optimistic in its forecast of direct economlc bensfits of the
new unification of forces, there is no question that these sccelerator
laboratories are founts of the highest i-chnnlogy in micro-electronics, in
material fciences, in superconductor as well as vacuum technology. I rejolice
that the Fermi Lab at Chicago hes declded to set up a special Institute linked
to the Laborstory, to make this area of sclence and related technology
available to Latin American physicists. And the Cern laboratory has made
available to us - the Trlieste Centre - the sor;icol of some membors of thelr
microprocessor team who have already conducted iuo slx-week colleges on
microprocessor physics and technology at Trieste at the highest level, for 250
of the developing world's physiclets. During June 1984, this team is holding
a four week microprocessor college in Srl Lanka for 62 physlclats from South
East Acls; to be followed during 1985, 1986, 1987 and 1988 by four week

colleges In China, Colombla, Kenya and Moracco on the same subject.

To summarise then, technology in modern conditions cannot flouclsh without
sclence flourlshing st the same time. This was eaphasised recently to me by a
Turkish physlicist from the University of Samsun who recalled that Sultan Selim
ITI did introduce studies of algebra, trigonometry, mechanlcs, ballistics and

metsllurgy in Turkey already as long ago as 1799, creating speclal schools for



these disc:;  .:s with Fiea n 2 Iwedish teachera. i gooutse wWas to
modernize & army end rlvsl Ricopcan advences in gun fourding. Since there
was no cort.spondlng emphzils on rescarch in these subjects, Tuckey did not

s.teed. In the long run, in the conditicne of today, techtnology, unsupported

by science, simply will not take or flourish.

3. The Situation of Sclencee in the Third Worid

Lat ue turn to the situatlon of science, and selentlfic rasearch in the
third world, barring the few countries (Argentina, Brarll, China and Indla) I
have mentionied befere. 1 can {llustrate the sltuation from the example of my
owWn country. In 1951 when I returned to teach in Pakistan after working at
Cambridga and Princeton in high energy physics, in a country then of 90
millions, I could call on just one physicist who had ever worked on a like
subject. The most recent issues of the “Physical Review” available were dated
before the Second World War of 1939. There were no grants whatsoever fur
attending symposla or conferences; the only time I did attend o confecence in

the United Kingdom I spent a year's personal savings.

After 30 years, the sltuation ln Pakistan has improved. For a population
of around BO mlllipn now, there are some 46 research physicists,
experimentallsts and theoreticians in Pakistan's 19 Universities (On the Us
notms these numbers for this poputation base might have been one hundred- fold
larger - 1.e. five thousand). These physicists still face the same problems
regarding journals, publication dues and asttendances at conferences; Pakistan
is sti1]l not a member of the International Union of Pure and Applied Physics,
since our sclence administrators do mot think we can afford $1.500 of dues;

our physicists are still told that all basic science - even the segments

vacessary for ‘appiicahle’ physics - is ¢ frightful lusury Ffor s poor
couniry. However, rompared to Pakislan - and s privilged group of some 30
countries which I shall presently mentien - the gltuation in the raasining 60
odd other developing countries is as stark as it was In Paklstan of 1951.
First and foremost le the problem of numbecs - of @ eritical size. The total
number of research tralned physicists in many of these countries can be
counted on the fingers of one hand — the choice of sub-disclplines in which

they may have received training has been conditioned more by chance than

design. They make up no communities.

The creation at Trieste of the Internatipnal Centre for Tﬁsoretlcal
Physics In the 1960s came sbout when some of us from the developing countrlgs
urged agencies of the United Wations, and In partlcular the International
Atomic Enecgy Agency (TAEA) and the United Nations Educational, Selentific and
Cultural Organization (UMESCO), to assist in ameliorating this situation
regarding theoretical physics research. We met with incomprehenslon even from
some of the developed countries where physics in Fact Flourishes. One
developed country delegate to the IAEA went so far as to say: "Theoretical
physics Is the Rolls Royce of sciences - the developlng countrles need only
bullock carts™. To him s community of even as few asg fifty physicists, sl}
teld, trained then at a high level, for a country like Pakistan with a
population then approaching 120 milllons, was simply SO men wasted. Even
leaving aslde any involvement In research - that these were the men
responsible for all nerms and all standacds in the entlre spectrum of
Pakistan's educatlon in physics and mathematlics was ircelevant. He himself
was an economist, who had wandered into a scientific organization like the

IAEA. He could fully understand that we needed more high-level economigts,
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bu. & few more r¢ . rch trained physicists and mathematicians of quality -

that was wasteful luxury.

In 1964, four years after the proposal was flrst mooted and after intense
1cbbying, the IAEBA did agree to create a physics lnstltute. However, we were
voted all of & sum of $55,000 to create an international centre of research.
Fortunately, the Government of Italy came through with a generous annual grant
of one third of a million dollars and the Centre was set up in Trleste. The
international physics community had all along supported us; the Centre's flrst
Sclentifle Council meetlng was attended by J.R. Oppenhaimer, Aage Bohr, Victor

Welsskopf and Sandoval Vallarta. Oppenheimer drew up the Centre's statultes.

The Centre started operating in 1964. URESCO joined as equal partner with
JABA in 1970. The Centre has flourished since then, with the support of even
those who doubted iks wvalidity at first. The bulk of its funds - now
smounting to 4.5 million dollars - come from Italy, IAEA and UMESCO. Smaller
ad-hoc grants have come from time to time from the United Mations Development
P;o;ramnn (UNDP), the Unlted Mations Financing System for Science and
Technology for Development, the United Matiuns University, the OPEC Fund, the
US Depactment of Energy, the Ford Foundation, the Intergovernmental Bureau for
Informatlcs (IBL), Canada, Kuwait, Libya, Qatar, Sweden, Cermany, Sri Lenka,
Metherlands, Japan and Denmark Over the 20 years that the Cenlre has existed
now, it has shifted from emphasis on pure physics towards basic disciplines on
the interface of pure and applied physics disciplines like physles of
msterials and microprocessors, physics of energy physics of fuslon, physics
of reactors, physics of solar and other non conventional energy, geophysics,
blophyslics, neurophysics, laser physics, physics of oceans and deserts, and

systems analysis - this, ia additiss to the staples of high energy physics,
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quantum grevity, cosmolegy, atomic and nuclear physlcs and mathematies. Such
& shift to the interface of pure and basic applled physlcs was made simply
because thers was not and still is not, any other international instltute

responéive to the sclentiflc hunger of developlng country physicists.

One of the most important examples today of this is in the Field of
physics and energy. Provision of energy i1s at present one of the major
concerns of mankind. 1In country after country, either new departments of
energy have been created or the Atomic Energy Commisslons transformed to
become comprehenslve departments of enargy. Motwithstandlng all the United
Mations Conferences, to my knowledga there stll} does not axlst-any
International Centre for EBnergy Research and Tralning on the sclentiflc slde,
for meaningful training and research for developing countries® sclentlsts.
Without a good base In aglld state and material sciences, therelis no hope
whatsoever of making good in this ares. An optical convertor must make use of
as little material as possible; how little is determined by the penetration
depth of the solar light and drift length of the excited state on which the
conversion ie based. TFor an amorphous materisl this depends on the denslty of
defects and an understanding of these. Efflclent and cost-effective
photo-voltaics thus depend on physleg of solld state materlals and not on a
technologlst's tinkering. To fill part of the need; the Trieste Centre has
felt that it should develop and concern ltself with high-level physics of
enecrgy- related materlials, and In partlcular, with physlics of absorblng and
emitting surfaces So far our Colleges in thls fleld have had participation

of around 1000 physicists
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To quote the London “Bconowist™ again; lo lts issue of 27 September 1980,
it had this to say about this area: "If solar energy is to provide the
solutlon to the world's Fuel erisis, thet solutlon will not emerge from
low-technology roof-top radiators. A breakthrough (will) come from applying
quantum physlice, blochemlstry or other sciences of the 20th century. Today's

tschnology-based industrics all dépgnd on new sclence™.

During 1983, 2400 physicists came to work at the Trieste Centre - 1400 of
them from 90 developing countries. Those from developlng countries spend on
the average, of the order of two months or more at Fhe Centre, participating
in its research workshops and extended research colleges. Since 1951, we have
held four of these colleges in developing countries - Ghana, Bangladesh,
Columbia and now, in Sri Lanka; these were 4 - 8 week research colleges on
solld state physics, monsoon dynamlcs, solar physics and microprocessors. We
have ploneered an associateship scheme which guarantees that top physicists in
developing countrles can come to the Centre, at times of their choosing, for a
period ranging between six weecks to three months, three times in six years, to
work In a stimulating environment of iheir pecrs, to charge their batteries
and then to return to their teaching and research pogitlons. We do not pay
salsrles - only travel and stay. There are 200 such associates at peesent.

He have a network of 102 instltutes of physics in 41 developing ccuntries
federated with us with cost sharing acrrangements. Through a Book Bank scheme,
we have distributed, from Indlvidual donations, a totsl of 2,565 bocks and
8,542 coples of recent journals Lo 132 instituilomns in 66 countolos, and we

are beglhnlng a scheme to coliect and distcibule wnused s.arplus equipeicnt
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donated by developed country laboratories. With an Italian Government grant
of the order of one thicd of a mlltjon dollars annually, we have pl;cod 15
expecimental physicists for 6-9 month research in Itallen University and
industcial laboratories since 1982. 1In 1t humble way, the Contre has

#nhanced the subject of Physics in general, and phyzlcs communities in

developing countries in particular.

4. Steges and Growth of Sciences in the Third World

Based on the experience gained in Physics, we could divide the developing
countrles (other than Argentina, Brazil, China and India) into threas
categories. The first category would consist of 9 countries - Bangladesh,
Rorea, Malaysia, Pakistan, Singapore and Turkey in Asia, plus Exgypt in Africs
and Mrxico and Venezuela in Latin America. These countrles have a population
of physielsts, currently approaching ceriticatity, as woll as a few centres of
high quality for physics where teams of eclentlsts can perfors lndependent
research. By and large, these centres are capsble of awarding Ph.D. degrees

for physics within the countries themselves.

In the second category, there would be somo 19 countries which conglst of
tren, Traq, Jerdan, and Lebanon in the Middie East, Indonesla, Phillppines,
Scl Lanka, Thailand and Vletnam In South East Asis, Algerla, Chana, Kanye,
¥oroero, Wigeria, Sudan, Tanzanla In Africa; sud Chile, Colombia ané Peru in
Latin fmervica. Thess counlrles have a modest populatlon of physlelets though
et any giver universlty the numbers working are cather small. Thers ara no
ceseacch gioups ax surh, though th some cascs Individuals ace highly activa,

k& 4 vule, Fb D, degroes are not awarded wlthin the countries concerned, 1
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mention these two categorles, because with organized hslp from the rich
world’'s sclentific communities, these countrles may take off in a short span

of time.

The remalning 60 countrles are below the "p;verty line” - some
exceptionslly bright individuals, whom we alect as assoclates of the Trieste
Cantre for the day when active research starts in their countries but no
organized physlcs research. I stress once again, that these are impressions
based on cur experlence with physics communities. Mo other signlficance

should be read into them.

5. Bodalities for Growth of Sciences

In the end, the growth of sclence in our countries 1s our problem. But in
this article, T shall speak only of help which we may hope to receive from the
sclentific communities snd others in the developed countries, for enhancing
the practice of high level sclence in the third world? There ls no doubt that
outslde help - particulacly if it is organized - can make a crucial
difference. First, regarding the work of individual physicists, this could
teke varlous forms: foc example, the physical societies of developed countries
could help by donating 200-300 coples of their journals to deserving
institutlons and indlviduals. They could waive puhllcatioh and conference
charges. In this context, the International Union of Pure and Applied Physies
(IUPAP) has helped the Trieste Centre defray postage costs for distribution of
old runs of journals; the American PhysicaT Society has helped us with shared

subscriptions to 31 physicists from 13 least developed countries.
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The research laboratories and the unlversity departments in developad
countries could also help by bullding up Federation links with thelc opposite
nusbers and by financing ocganized visits of their staffs to the instltutlons
in developing countries. They could create schemes like the assoclateshlp
scheme I have already described at the Trieste Centre {whersby a high-grade
physicist working in a developing country becomes pact of our staff by belng

accorded the right to come to us three times in six years), at least for their

own ex -alumni.

Hay I be forgiven for thinking in the following terms: that the physlcs
institutions in developed countries may consider contributlng in thelr own
ways (in kind) according to the norms of the well known United Nations
formula, whereby most developed countries have pledged to spend 7% of thailr
GNP resources for world development. 1Tn the snd, it iz a moral lesue whether
the better-off segments of the sclence community should be willing to lock
after their own deserving but deprived colleagues, helping them not only
matecially to remaln good scientlsts, but also joining them in thelr battle to
obtain recognition within thelir own countries as velid professionals, who are

laportant to the development of their countrles and the world.

Let me now come to the question of the long tern.holp the United Matlons
agencles can glve in respect of bullding up sclentific infrestructure, in.
their own sreas of competence. I wish, In particular, to emphacise the role
of the modality I am personally most familiar with - international centras of
research. There is no question but that the developling world needs today,
international research {nstitutlons, e.g. on the applied slde, llke the Wheat

and Rice Research Institute; on the science slde, centres like the

International Centre for Insect Phyelology (ICIPE) in Meirobi. wWithout
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internation. ation, sclence cannot fleurish, one cannet guerantee standards,
guscantee k _.ing abresst of new ldeas, guarahtee s contlnual transfor of
scionce by ren who created it snd who come to such centres, moved by thelr

idealism.

Recently there have been cceated an international Centre im Mathemalics at
¥ice, an Internationa) Science Cenitre in Sri Lanka, one in Turkey and another
in Venezuela. An international Physics Centre, directed towards Latin
America, was formally fnaugucated in Colomble by ite President a [ew months
8go. Also the United Nations Industrial Developminst Crganization (UNIDO)
on the way to creating two international centres in the field of
biotechnology, one located ln Trleste and one in India. In biotechnology, we
obeerve that modern advances in genetlcs started with the unravelling of the
genetlc code by Watson and Crick. Revealing as it does Lhe basis for all
known 1ife, this has been one of the most synthesizing discoverles of the
twantleth century, possibly of all times. I teke pride in the fact that
Walter Gilbert, who took & Ph.D. with me in theocetical physics st Canbridge
in 1956 and then turned over to genetics, was among those who discovered
elegant techniques for deciphering the genetic code. Por this work, he
received s Wobel Prize in Chemistry in 1980. In 1981 he went on to found a
company, Blogen, which exploits, smong others, techalques of genet ic
manipulatlon to manufacture human insulin. Agsin we observe the mutuallity of

high sclence and high technology.

To return, however,to the UNTDO initlalive, the Executive Director of
UNIDO, Dr. Abd £l Rahman Xhane of Algeria, who, on & visit to Trieste, had
been lmpressed with our example of Interfacing the basics of pure with applled

Physice, conceived the idea that time was ripe for creating one or more
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gimilar Centres for Eiotechnolugy for the third world. omn UNIDO's cmll, &
compotition wes instituted. This brought offers from Itely, Spzin, Indl=,
Pakistan, Bgypt, Thailand and Cuba. Three inter-ministerial mectings were

held to choose the location. 1In April 1984, Delhl and Trleste were finally

setected for the location of a joint centre.

To my mind, one of the most slgriflicant features of the Biosclences
sltuation is the fact that so many of the third world countrles were so kaen
to make credlble offers for it from thelr own regources. Personally, I was
sorry at the decision of the assembled minlsters who, by a majority vote,
refused Lo accord to the losers of the competition - Egypt, Thallend, Pakistan
and Spaln - the status of evan affiliated centres. These countries
desperately wanted even a subsldiary status to share in the beneflts of an
internatlonalisation of their local efforts. I hope this will soon be
rectifled and these other offers will also be accepted. The point I wish to
nake is that even countries with moderate traditions of sclentific research

sre beginning to show an Interest In hospitating United Mations sun Centres of

Sclenca.

In this context, to highlight the role which agencies like the World Bank
or the International Honetary Pund (IMF) can play, consider the following
quote from & recent blography of the World Pank by E.E. Mason and R.E. Asher:
“UNESCO has been providing sensible advice on educationsl planning for years,
before the World Bank entered the fleld «.. Sometlmes, some pacrts of this
advice were accepted but there was a notable increase in uttfntlou given to

educational planning when it becsme clear that some projects had some chance

of being financed by the World Bank"



Besldes educ:. ional planning, besides help with development of scientific
sgriculture, I wiuld also wish that the World Bank could take 1t upon itself
to emphasise to the developing countries that the fastest route to financial
prosperity today ilas with areas of Science based high Technology - for
axample, of micro-electronics, computer sof;-ware and the like, and that the
sajor investment needed in these areas is lnvestment in creating
sclentifically highly-litvrate manpower. The day that the antrepreneurs
(either in the government or the private sectors of developing country

economies) begin to understand this, our economic salvation will start.

To summarize, my feeling is that almost every developing country has a
scientific and technological problem which necds scientific expertisc. I
strongly feel that the United Rations system must take 2 lesd with this
legitimate movement towards internationalisstion of science withlin the
developing world for the developing world. The cesearch centres du not have
to be within the developing countrles. Some years back, Dr. Henry Kissinger,
the then US Secretary of State, on behalf of the US Government, promised to
the third world a multiplicity of institutions which would include instliutes
to lmprove sccess to capital technology. He mentioned, in particular, an
International Energy institute, an International Centre for Exchange of
Technological Information and an Internatlonal Industrialization Institute. I
am sure some day soon, ;he US Administration will carry these promises out,

adding to sach Institute, its due quantum of sclence.

FPinally, lat us turn to the role of the national ald-giving agencies.
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Hy plea to the development agencies everywhere would be that they may take
@& long- term attitude to the growth of sclence. They exert an immonse leverage
which they must use to ensure that an adequate infrastructure is tuilt in the
countries they help and that the scientifc communitles there are snabled, and

allowed to play their rightful roles in the process of development .

In this context, ons may remark that one of the well-tried modsiitles for
sclence transfer ls the creation of an Internstional Poundation for Sclence
for giving grants to individual scientists in the daveloping countries. An
International Science Poundation with these alms was 1n fact created at the
suggestion of Woger Revelle, Pierre Auger, Robert Marshak and myself in 1972
in Stockholm. This Foundation s currently supported by Sweden, Canada, URA,
Federal Republic of Germany, France, Australis, the Netherlands, iolglul.
Wigeria, Norway and Switzerland. Its funds are given for research ln the
areas of aquaculture, animal production, rural technology and natural
products, to Individusl researchers in developing countrles, in grants not
exceeding ten thoussnd dollars per grant. Unfortunately, the total funds at
the disposal of this Foundsation are only two mlllion doliars. A similar
function is carrled out by the Bostid orgenlsation in the US which 1s
supported by the Ald organisatlons. These initlatives do not cover other
natural sclences nor 1s there any provision of funds for bullding up of

sclentific infrastructure.

With the Brandt Commiselon's recommendations on technology transfer in
mind, in August 1981 I took the lnitiative of writing the following letter to

the Heads of Statss participsting in the Cancun Susmit:
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"X understand that technology transfer, with emphasis on problems of energy,
will be one of the items for dlecusgion at the forthcoming Nerth-South Heads
of States mesting in Mexico. Unhappily, most developing countrles need help
in bullding up scientific infrastructure st all levels and Sclence Transfer

must sccompany technology trensfer if the latter has to take root In our

countcles. The eclentiflic community in the North can, and I am sure will, be
willing to help in bullding up the corresponding community in the South,

provided it is mobilised for this™.

1 suggested the creatlon of a Morth-South Science Foundation to bulld up a

novement towards Sclence Transfer, with funds at iis dispesz] of an order at
least simllar to those, for exampie, disbursed by the Ford Foundallon (between
one hundred and two hundred mlllion dellars a year). This Poundation should
ba run by the orld's sclentifle community for research and tralning for

research, In baslec sclence:z In developlng countries.

1 recelved polite replies of support to my plea from all Heads of States
from the developed countrles; from among the Heads of developing countries,
only Mrs. Gandhi replied. (This unconcern perhaps emphasises once again the
marginality of the sclentliflc enterprise in the third world). Lat me say,
however, that such a modality is very much worth building up, partlcularly
since the Ford Foundation, in a letter to the Secretary of the racently
founded Third World Academy of Sclences, has told us that sclentific research
in developlng countcrles is no donger a priority area for th: Ford Foundatlon

ltewif.
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In sclences, as in other spheree, this world of ours is divided between
the rich and the poor. The richer half - the industrlal ¥orth and the
cenlrally managed countries, with an income of 5 trillion dollars, spend 2% of
this - more than 100 billion dollars - on non-military eclence and development
research. The remalning half of mankind - the poorer Socuth, with one Flith of
this income of arcund one trillion dollare - spend no more than 2 billlon
dollars on sclence and technology. On the percentage norms of the richer
countries, they should be spending ten times more - some 20 billions. At the
United Nationg run Vienna Conference on Sclence and Technology held in 197%
the poorer nations pleaded for intermational funds to increase thelc present
annual expenditure of 2 billions to 4 billions. They obtained promlises, not
of two billions, not of one blllion, but only one seventh of this. As» we
know, even this has never been realised and the United Nations Funding System
for Sclence and Technology for Development' is without sdequate means.

Contrast this with the situstion in the military sphere. Each nuclear
submarine costs 2 billion dollars and there are at least 100 of these in the
world's oceans. Five hundred centres like mine at Trieste could be funded for

a year for the prlce of one nuclear submarine.

Let me end by quoting from a great mystle of the 1T7th century - John Donne
- a man who belleved in the moral state of man and the Internatlonal i1deal:
"No mar Is an island, entire of itself; every man ls a plece of the contln;nt.
# part of the main: if a clod be washed away by the sea, Europe iz the less,
a6 well ae 1f g promontory were, as weli as If a manor of thy frlends or of
thing ews wete, any men's desth dimlnisher me, becsuse § am lovoived ln
randind) wnd therefare never send Lo know fur whom the beil tolle; 1t tolls

For thee



TABLE OF VISITS TO TRIESTE CENTRE WHICH ARE INDICATIVE OF THE S1ZE OF PHYSICS COMMUNITIES AND THE SIZE OF HICH LEVEL PHYSICS IN DEVELOPING COUNTRIES

TABLE 1
Number of Number of Number of Number of Applications accepted/ Populacion GR2/capita
Visits Post Docrorate Associates/ Federated aApplications received (Million)* uss *
1970-1983 Fellows since Applications Institutes for participation in
1980 1984 Centre's activities
Jan. Bl - March B4 **x
1 Argentina 220 2 8/23 2 ‘54185 28.2 2,560
2 Brazil 305 1 1729 2 92/143 120.5 2,220
3 China #it 131 11 6/17 6 $6/131 991.3 300
4 India 987 _10 35/1%3 _& 240/597 690.2 260
Total: 1,643 4% 567224 14 442/1,356 1,830.2

* Excerpt from :
1983 World Bank Atlas - Population/capita figures

are those for 1981

** For main rraining-for-research activicies

only

w** Joined the 1AEA in January 1984
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Egypt
Bangladesh
Korea
Malaysia
Pakistan
Singapore
Turkey

Mexico

Venezuela

Number of
Visits
1970-1983

337

158

94

81

39

34

288

169

a7z

Total: 1,787

Number of

Post Doctorate
Fellows since
1980

TABLE 1T

Number of Number of
Assoclares/ Federated
Applications Institutes
1984

10/43 16

9/21 1

4/9 1

10/17 -

13/31 3

174 -

6/22 7

2/6 -

174 -

36/157 28

~oh

Applications accepted/
Applications received
for participation in
Centre's activities
Jan. Bl - March 84w+

119/296

31/126
231725
327178
920/164
14

127154

40/69

15/27

455/953

Population
(Million)»

90.7
18.7
14.2
84.5

2.4

45.5

71.2

15.4

385.9

GNP/capita
uss

630

1,540

2,250

4,220
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10

12

13

15
16

17

19
20
21

Algeria
Ghana
Kenya
lnracco
Nigeriya
Sudan

Tanzania

lran
Irag
Jurdan
Lebanon

Saudi Arabia

Philippines
Thatland
Vietram

57ri lanka

Indonesia

Fiji

Chile
Calembia

Perw

Viziioers

197¢-198)

7
100
34
44
201
9

118
84
74
a5

&)

417

84

104

106

Total 1,3%6

antsr oof

vost baitorate
Feliows since
1830

Number of
Associatess
Applications

2/5
3/4
/9
3/8
li/i0
6/10
34

3/6
1/4
/4
2/3
2/7

3/
3/5
241
/13

2/6
1/1

3/6
3/9
319
65/133

Number of
federarcd
Institucces
1984

Applicatlons accepted/
Applicatlons received
for participation in
Centre's activities
Jan. 81 - Harch B4 #=

13/32
39/65
14/27
9/15
63/118
22/28

5/10

22746
19/28
12/13
9/11
6/18

16/41
45/98
5/8
46/97

43/89
1/2

19/28
27457

37/108

474/939

Population
(Millign} *

19.5
i1.8
17.4
20.9
87.6
19.2

40

13.5
3.4
2.7
2.3

49.8
48
55.7
13

149.5

0.6

11.3
26.4
1?

636.5

GiNP/capita
uss

1,140
400
420
860
870
380
280

1,620

12,600

%0

17

300

530
1,000

1,360
1,380

i,170
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10
il
12
13
14
15
16

18

19

20

21

Benin
Camaroon
Congo
Ethicpia
Ivory Coast
Libya
Madagascar
Mali
Mauritius
Niger
Rwanda
Senegal
Sierra Leonc
Togo
Tunisia
Uganda
Upper Volta

Zaire

Afganistan
Burma

Hong Kong

Number of
Visitors
1970-1983

20
22

14

57
26
25
13

35
41
17
34
23

21

16

Number of

Post Doctorate
Fellows since
1980

Number of
Associates/
Applications

243

/4
1/2
171

2/3
1/1
2/3

/4

1/3

TABLE IV

Number of

Federated

Institutes
1984

Applications accepted/
Applications received
for participation in
Centre's activities
Jan. 81 - March 84

1
m
2/3
10/12
N
30/40
9/12
3/9
4/10
0/1
34
9/15
10/13
3/3
10/13
6/9

4/7

3/
1/1
i/4

Population
(Million) *

3.6
-8.6
1.6
3l.8
8.5
j.1

6.9

3.7
3.3
5.9
.6
2.7
6.5
13
6.3
29.8

13.3
4.1
5.2

GNP/capita
uss

320
880
1,110
140
1,200
8,450
30
190
1,270
330
150
430
320
Jao
1,420
220
240
210

n.4&.
190
3,100



22
23
24
25
26

27

8
29
3o
il
32

Kuwaic
Syria
Nepal
Qatar

Yemen Arab Rep.

Papua New Cuinea

Honduras
Costa Rica
Ecuador
Guyana
Bolivia

Total:

Number of Number of

Visicors Post Doctorate

1570-1983 Fellows since
1980

61 -

44 -

47 -

25 -

10 -

22 -

682 2

TABLE IV , page 2

Number of Number of Applicactions accepted/
Associates/ Federated Applications received
Applications Institutes for participation in
1984 Centre's activities
Jan. Bl -~ March B4 »*
- 2 21/22
- 3 B/15
2/17 1 30/64
- 1 1/8
- 1 3/5
- - /5
- - 1/1
/3 - 8/16
1/1 - 2/6
2 | _— 18
19/37 10 217/327

Population
(Hillion)*

38.9
9.3

15
0.24
1.3

3.8
2.3
6.6
0.8

5.7

300. 44

CNP/capita
Us$

20,900
1,570

27,120
460

840

600
1,430
1,180

120

600



10
il
12
13
14

13
16
17

18

19
20
21
22

Bot swana
Burundi

Cape Verde

Central Afr. Rep.

Gabon
GCulines
Lesotho
Liberia
Matawi
Hauritania
Mozambique
Somalia
Swaziland

Zambia

Bahrain

Unicted Arab Emiraces

West Bank

Yemen PDR

Barbados
Cuba
Dominican Rep.

El Salvador

Humher of
Yisitors
iS70-1983

Humber of

Fost Doctorate
Fzllows since
1980

Humbey of
Asspiiates/
Applicaiions

1/1
o/1

0/1

1/1

Humber of

Yederatsd

Institutes
1984

&pplicerions zccepted/
Applications recrived

for participation in
Centre's activities

Jan.

3/5

0/1
3/9
2/2
o/l
2/2

0/1
1/1
2/6

2/4
1/1
s
375

1/1
34
1/2

81 ~ March 84x*

Fopilation
(K iion)®

G.9
4.2
0.3
2.4
G.7
5.6
1.4
1.9
6.2
1.6
12.5
4.4
0.6
5.8

0.25
9.7
5.6
4.1

Civfeantra
Us§

1,010
230
140
320

J,8i0
o0
540
320
200
460

n.a.
280
760
600

8,960
24,660

460

3,500

1,260
650



TABLE V page 2

Number of Number of Number of Number of Applications accepted/ Population CNP/capita
Visitors Post Doctorate Associates/ Federated Applications received {Millions)w uss
1970-1983 Fellows since Applicazions Institutes for participation in

1980 1984 Centre's activities

Jan. 81 - March 84 **

23 Guatemala 1 - - - - 1.5 1,140
24 Jamaica 2 - 1/2 - 1/2 2.2 1,180
25 Nicaragua 1 - - - - 2.8 860
26 Panama i - - - - 1.9 1,910
27 Trinidad 3 - - - 0/1 1.2 5,670
28 Paraguay 1 - - - - 3 1,630
29 Uruguay 4 - = - s k] 2,820
Totral: 78 o 5/12 2 32/57 93.75

PO



WORLD ORDER, DEVELOPMENT AND WORLD CRISIS

5, Sideri

Institute for Sccial Studies, The Hague, The Netherlands.,

1. Introduction

The proposition that we shall attempt to explore in this
article is that the type of economic growth that the world -
or rather part of it -~ has experienced so far cannot possibly
continue in the future for at least two interrelated
reasons.

(1) Congumption expectations with respect to material
goods have tended to rise faster than production
possibilities,'the likely consequence being a
permanent inflationary pressure and growing balance-
of-payments difficulties. This inflationary pressure
is reinforced by the sinmple fact that,

(1i} many natural resources are non-renewable and
exhaustible, so that growth of "more-of-the-same”
type cannot go unchecked. Technclegical progress
has continucusly extended the limits of resource
availability, but these limits exist and to stretch
them further or to find alternative sources requires
huge and growing investment, while the costs of
developing and adopting new technologies tend to
rise rapidly, in both economic and ecological
terms.

In this article we shall analyse point (i), concentrating on

the lnternaticnal economic system with special emphasis on the

internaticnal monetsry system.

.,- ";_O&



2. The World Economy, Dev elopment, and the International
: 2

Division of Labour

2.1 The International Dimensicns of Development

The creation and evolution of the world economy 1is clearly
related to the emergence and development of the capitalist
system or market economy. 2 In the latter the relations

that link together individuals as well as groups are largely
asymmetrical, or unbalanced; such a situation not merely
reflects initial inequalities, but is the natural ocutcome

Of the working of a market economy in which the main elements
of the decisicon-making process have one by one kecome
instrumenis of power for certain groups, while the preference
structure of the market economy has been moulded so as to
create demands which tend to promote the interests of those
groups and to satisfy individually-centered needs rather

than social needs. The phenomenon is the same at the national
and the international level, the main effect of the existence
of nations being that certain elements of the glokal decision-
making process tend  to be monopolised by, or concentrated in,
certain nations, or tend to be menopolised by certain

groups within certain nations. These are the same groups

1. This section summarizes part of the a '
essay "International Trage and Economzzhg;er%aiger
Towards & New World Egonomy, Fifth European Confe-
rence of the Society for International Development
Rotterdam UPp, Rotterdam, 1972 ’

2. See I. Wallerstein, The Modern World-System, Academic

Press, New York, 1973, PP. 14=-13 and Th i i
' : . : e Capitalist
World Eccnomy, Cambridge UP, Cambridge 7979, P, 6.
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which control the national decislon-making processes.

Based on the same laisser-faire (minimal role of the
state) and utilitarian (homo economicus) principles
developed for the explanation of national systems, the
international system is also assumed to be made up:

{1) of equal units (equality); (ii) each interacting

(that is exchanging value and/or information) with all the
others (multilaterality); (i1ii) on egual terms (symmetxyy) ;
and (iv)} of socially undifferentiated units {homogeneity) .
The resulting structure is thennéﬂaracterized by circularity
(that 1s, lacking hierarchical order or ranking) as

assumed by the theory of comparative advantage and by most

of the theorising in international economics and inter-
national law.

The concept of feoreign ald was based on such a view of
the world structure as 1t was meant to remove rapidly any
temporary asymmetries which might have developed due to
disequilibrating non-structural causes.

That the above circular model, although still underlying
most of the recent literature, does not provide useful framework
for discussing most of the present problems, is demonstrated
by the concern which has started to appear about the role
of the nation-state in a system increasingly characterized
by supernaticnal eccnomic units.

A more realistic understanding of the development
process may be obtained by replacing the circular model with
an alternative model which possesses none of the characteristics
of the circular structure, but instead exhibits features of
inequality, bilaterality, asymmetry and soctal differentiation.
In other words, a hierarchical structure in which verticality
prevails over circularity.

This structure is the result of a gradual process of
development of a system in which every success is turning
a relationship a little asymmetrically constitutes a
comparative advantage for the next encounter. Once created

-32-



asyvr  ric power-depend oo credtilnsios Decome the main
causs of it perpctuation.

Tt is then difficolt i apeak of development as
being mainly a naticnal or reqlonal phensvcerncn, i.e.

a phencmenon which, by and large, is 2 func

on of the

factors contained by, and conditions pres

iling in, the
subsystems. On the contrary, it seemz that development reaily
assumes a different meaning and hag Adifferant implications for
each of the countries {subsystems) concerned, and according
t> its hieirarchical positicn. Thus, to the top countries
development means the strengthening of the system's
hierarchical structure; to those in a lower position the
possibility of develeopment rests or the previous
elimination of the hierarchical structure. Even the emergence
of some degree of circularity among the top countries of
the international system does not guarantee the lessening
of its overall hjerarchical structure. Instwad, the
interactions between the two parts become even more
asymmetric and the development of the countries at the
bottom of the internatiocnal system's structure is more
difficult to achieve. The very process that brings
(or has brought) one country after another into the market
economy results in a demand structure which contributes to the
creation and maintenance of an hierarchical structure which
enables the countries at the top to extract values
{economic and otherwise) from those at lower levels, and in
this way to reinforce their position.

Countries thus become underdeveloped at the moment they
enter the system at, or reach, a lower level, characterized
by a gap hetween demand, however developed, and the
available means to satisfy it - a gap which becomes smaller
as a country moves towards the top of the hierarchy where
more than the satisfaction of the demand for food, <lothing
and shelter is possible.

- 3ia

The increasing worid intogratisn is the engine for the

he tep and under-

is
creation and perpetuation of an hiersrch
simultanecusly produces developmonat at ¢

25

icel structu-e which
development for the pecipheral countries, and which excludes the
possibility of a long-run tendenty to equilibrium for the
system.

In this way, development is a whienonenon which trancends

national fand disciplinary) boundaries and whose inner mechanism
can conly be understood within a gystem nore extensive than

the national one, to which nost studies have until recently

been confined.

The conclusions that our approach seem to suggest are
scmewhat more disturbing than those derived from the usual
agpproach, Given, a certain type of international division of
labour at the core of the mechanism which produces and
reinforces the domestic and international hierarchical
structure, and given a complex linkage of interests among the
ruling groups of both the upper and lower countries,
development cannot take place without the weakening and
ultimate elimination of such a structure and of the

relative internatiocnal division of labour.

2.2 The International Division of Labour

The hierarchical structure of the international system has
its basis in the production of the market economy as a whole,
A link is therefore established between the internal
structure of each country and the production under-taken by
it. It is also largely dependent on this internal structure,
though modified by the injection into the international
hierarchy, whether the country will move along the vertical
hierarchical structure.

The specialization in primary goods resulting from
the earlier internaticnal integration has established certain
countries in the role of 'constmers', leaving to others
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the function .f producers, i.e. of demand creators, and
leaving also te the latter the control (from what haS than
become the top of the hierarchy which meanwhile has emerged)
of the cverall production process of these underdeveloped
countries.

The effects of the specieliration in primary produrcts
on the development of the country’s economy are sufficiently
known not to require further discussion. What can be added
is that where development followed an original specialization
in primary products, that preocess was {(with the exception
of Japan the result of & 'colonization' which involved
not enly international mcvements of goods, but also those
of capital and people, both assumed immobile by the theory
of international trade. It was actually where the inflow
of the latter factor, i.e. people, became predominant
that economic growth followed quite easily, even when the orig-
inal specialization in primary products was respected. Aside
from the considerations that in those cases such a production
was organizaed quite differently and often with a technology
which made the productive process very similar to that we
are used to associate with induStry, it seems even more
important to realize the positive role played by the
demand structure which the colonizers imported with them.
Thus, the new settlers were only geographically far away
from the top of the international hierarchical structure;
in fact,they were so very much a part of it that they usually
succeeded in imprinting their demand structure on the
varicus minorities found or c<¢reated within each of these
new countries.

The state being an objective element of the market
economy for which it performs certain structural functions,
it becomes relevant to establish which state performs them
in an international system integrated on the basis of a
certain type of division of labour.

- 35~

If the state or the country in the process of being
integrated is not able, for whatever reason, to take
over these structural functions, they will necessarily
be performed by the foreign producers with the help of
thelr own states., As aresult, the country is placed at
the bottom of the hierarchical structure.

Tt seems historically that most of the negative
effects resulting from the process of integration of the
various countries into the market economy have been avoided
only be those countries where (i) immigration from the central
countries constituted the most important inflow from abroad;
anéd (1i) the state was able largely to control the process
of transformation. Only under these two conditions have
the countries concerned been able to reject the usual
primary commodities vs. manufactures division of labour
and so to satisfy at least most of the demand created by the
very process of integration into fhe market economy.

Apart from the problem of why these elements have not been
present in so many countries, the fact that such a division of
labour was retained has further weakened the state's functions
and has made it even more necessary, and justifiable, that
these functions be seized by foreign bodies, these being either
foreign states or foreign companies. It is then the produc-—
tion structure of the country, which in the case of under-
developed countries is fixed by a certain type of division
sf labour between them and the industrial ones, which deter-
mines the role of the state, and the scope of its functions,
and then the degree of power-dependence between the two groups

of gountries.
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3. The Present Crisis

3.1 Introduction

The first chollenge to the model outlined in the previcus
sectina came from the emergence of the sociallst countries
as a rather independent political and economic system which,

although it <urtailed interrelationships with the world

sconomy, never totally opted out.  Lately, these
relaticonships have bheen growing gquite fast, as indicated
by trade, technolegy and financial flows recordes. Several

countries have disengaged [rom the Western svstem, however,

. N ) . T
but et from  the worlid economy, ousn o caphdnf poratinaliow
H i

may be said to have become the sine tua non ot the stability
of hureaucratic socialism™. 2a

By defirition, this alternstive svstem excludes asyni~
metry and hierarchy since it was ~imed at the harmonious
development of all member countries. Whether it Ls
perceived as such hy many LCD's and whether in realiby it
has acaquired soms of +the traits of the conitallst worid
economy 3:@ questions worth pursuing, but are clearly outside
the scope of the present paper.

In the attempt to explain present problems, it is more
useful to aralyze the internal evolution of the capitalist
world eccnomy sirce the Secend World War whan the United
Kingdom was repleced by the United States at the top. The
reconstructicn of Western Eurcpe and Japan under US leader-
ship dominated the 1950's and 196%'s much more than the
acquisition of independence by most Third World countries.
The 1970's saw the US position heing cl:allerged by the EEC

and Japan.

the

2a., J. Camilleri, "The Advanced Capitalist State and
Science & Society, XLV,

Contempcrary world Crisis,"
2, Summer 1281, p. 133.
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The world econcomy lost some of its vertijcality as the
rigid hierarchical structure gave way at the top to a kind
of circular model, in which the rcole of the US increasingly

became the primus inter pares, Meanshile, the alternative

socialist system expanded, growing in importance eccnomically
and even more militarily. The appearance of some circularity
at the top of the world economic system, however, did not
poslitively affect the lower strata o¢f the hierarchical
model; their situation tended to deteriorate during the
13705 as their distance from, and thelr dependence on,
the upper countries increased. The spreading appeal for
national or collective self-relaince was connected to
this structural evolution of the world economy.

The "¢risis of development" and the "crisis of foreiqn
assistance" dominated the 1970s, which aiso witnessed
the parcelizaticn of the Third World by the emerging EEC
and Japan against the "glcbal" intercsts of the US which
has been at the basis of their earlicr support for the Third
World struggle for independence.

The multipolar system that camt¢ into being had the
following consequences:

(1) Curtaiiment of US economic and military pre-eminence,

exemplified by the end of dollar convertibility and by the

American defeat in Vietnam, and therefore increased
instability of the whole system;

(ii) Growing East-West interrelations, especially between
Eastern and Western EBurope, with resulting detente
hut alsc a lowaring ©f the defence stance by marny
West Buropean governments and occeptance of neutrality
or demilitarization {or Finlandization) as a viable
option by growing sections of their populations;

{1ii}) Further marginalization of LDCs and their problems,
as demonstrated by the receprion given to the concept

c¢f the New International Eccnowic Order, after
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earlier interest shown under the QPRC shock, and the
failure of the North-South dialogna.
With the 1980s many elements of the maltipelar system
seemed to be challenged by the US decisicn to regain its

military supremacy and to consolidate its leadership over
the Western World.

3.2 The Concept of Crisis

The concept of "crisis of capitalism” was elaborated at the
end of the 19th ceniury by economists of Marxist

derivation and by radical sociologists, and with the First
World War it became central to political discussions. As the
concept ot development, it can only be understood within the
frameworx of the world economy. According to Marx, Lenin and
Schumpeter, to mention only the main contributors, the crisis
is not merely negativity, i.e. a malfunctioning of the

system which lowers production and accumulation, but it is

an ambivalent phenomenon through which some classes, economic
groups or countries can reinforce their respective positions.
In other words, the crigis is the raticnalization of the
national or isternational system on behalf of particular
interests.

Keynes considered the crisis a kind of disease, a
psychological impediment between disposable productive
factors and the needs which could be generated if those
factors were fully utilized; like underdevelopment, the
crisis appears to be an incident on the road to prosperity
and progress.

3. J.M. Keynes, The General Theory of Employment, Interest
and Money, MacMillan, London 1964, pp. 313-324.
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As Keynes could not see the crisis as a phenomenon
invelving the whole international capitalist system, the
remedy against such an incident was to be the expansion
of production or as Ford has already proclaimed, "the
immediate cure for depression is told in one word - quantity -
quantities of goeds pushed out into the world".

If the private sector was not guick to act accordingly

the state had to intervene to foster production and to
redress income distribution so as tc enlarge the purchasing
capacity of the masses. Soclalist demands for a fundamental
reform of the system which alsoc serves the producers.

In Hitler's social-national economic planning , this was a
main element. The principal result of the application

by the industrial countries of this approach - without
forgetting the relevant contribution of WWII - was not

the elimination of business cycles for a lengthy period, but
the generalization of the 'more-of-the-same' development
model whose expansion seemed to have no limits. Given

its economic and peolitical success in the DC's proposals

and attempts were even made to extend this model to the
Third Worid, where the existence of severe physical,
environmental and ecological constraints finally had to be
faced. Deterloration of the quality of life in the DC's
and the growing costs of production - including those of
labour pressured by the comsumerism drive, at the same

time alienated by the nonsensical production - are clear
signs of the gravity of the situation.

4. H. Ford (in collaboratlsm with 5. Crowther), Moving
Forward, W. Heinemann, Londen, 1931, p. 7.
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slisarion of oroadus o La,

T o internats

ali . vasive and growins @olo ol the auiciaaolonal
corp cations (MNI3) apvears: it the agencvalized
expansion of production of similar ocommodic to be

‘pushed into the world" which, chorefor:s, pecoming less
and less differentiated.

In this sense, while the "great crisis” created the
prasent international economy, the current crisis might
perhaps mark the end of an epoch but not necessarily
of the system. In fact, the tendencies reviewed in the
next section scem to indicate a return to the past, through
the enforcement of revisited classical theories, rather
than a movement towards the crisis of the system of which
gome still dream. 5 It is also a crisis which concerns
the BCs and mainly Eurcpe, although itse management
egpecially in our jinterpretation - will have fundamental

congequences also for the LDCe and ultimately for the CPEs.

3.3 Structural Proklems

The adjustment policies by the DCs in order to face the
1973 oils crisis agparently ended-up in an unprecedented
drop in industrial production and in contiaucusly high
rates of inilation and unemployment. The DCs crisis
however, has deeper economic and social roots and the oil
problem has only helped to accelerate a process that had

started earlier on, determined mainly by the following

5. J. Palmer opens his centribution "Loomomic Crisis®
{The Socialist Register 1980, R. Miliband and J.~
Saville, eds. Merlin Press, Londor, *980) remarking
that 'the word “crisis™ is ane o7 the most overworked
in the socialist dicticnary. He instead recognised ’
that "there is a problem of ecnlog cally kalanced and
resource-conscious development . which socialists
have been inadequately sensitive”

e

(ii)

viid)

Saturation of marnet growth possibilities {or manu-
factured goods. During the 1950s and 1960s, final
demand, both gualitative and guantitative was directed
primarily towards manufactured products. This had a
positive effect on DCs rate of growth, as the
multiplier of manufactured products tends to be higher
than that of agriculture and services. Decreasing
real prices of manufactures encouraged an expansion

of consumption and therefore of production. During
the 1970s, relative price dynamics underwent a
change: manufacturing costs started to increase

faster in real terms as a result of higher costs

of energy and raw materials and of slower growth

in labour productivity. The result for the DCs

is a high level of unemployment for all factors of
production and an exceptionally high level of indebted-
ness for LCDg (see viii).

Increasing incidence of services in final demand and

a consequent decline in capital efficiency. In fact,
services require a higher level of capital expenditure
per unit of output than do manufactures. To ocbtain
growth rates comparable tc those of the earlier post-
war period requires a proportional increased savings
and capital investments, while

on the one hand, the enormous expansion of all
government activities and growing budget deficits have
peen absorbing a substantial and increasing share

of potential savings, mere for nen-productive

uses and/or redistributive purposes than for actual

investment;

ENI (Ente Nazionale Idrocarburi), The Interdependence
Model, Seminar 'Development Through Cooperation',

Rome, April 1981, vol. 1, pp. 74-79.
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{iv)

{v)

(vi)

(vii)

o1 the other hand, the nrivate propensity to save

and to invest is gradually diminishing due to
inflation and uncertainty in possible returns. In
fact there is an unmistakable decline both in the
rate of return on invested capital manufacturing

and in the share of preofits in total autput; the
latter is also due to

increased presgsure for income redistribution, namely,
for labour's greater share of tcotal income as well

ag for a redistribucion within labour in favour of
lower skills. Such as redistribution has favoured a
rapid increase of labour-saving rather than capacity
expanding investment, and has in turn also lowered

the propensity to save. The result has been higher
unemployment levels, reinforced by

a new international divisilon of labour at the world
level, forced by rapid industrialization of the LDCs
{the NICs) and also fostered by the growing labour

and environmental production costs in the DCs, together
with the medification of the relative prices of manu-
factured products due tc the oil price increases of the
1970s. The needed world-~wide redistribution of
productive capacity requires profound restructuring,
new laboursaving techneologies, and consequently a high
level of investment in the DCs. In a context of
slow growth of output and investment, however,
restructuring only generates higher unemployment
levels. This new division of labour is brought about
largely by the MNCs; the resulting

rapid internationalization of preduction, with
consequent world-wide distribution and marketing of
manufactures and services, tend to reduce the .
autonomy of national authorities. MNCs can evade
their checks and controls without being subjected
to the regulaticns of any international agency, as
are governments. The Buro-dellar and Euro-bond
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(viii)

markets are also closely connected to the operations

of the MNCs and their expansion, and both institutions
are definitely ahove the reach of national governments.
The international decision-making structure which

they have constituted has transformed a considerable

part of international trade into intro-company {(about
one-half of world trade is estimated as being intra-

firm sales) taking place at transfer prices, i.e.
accounting or imputed prices, which are internal to the
firms themselves. As such prices are not determined

by market forces and bhear little relation to costs

of production. MNCs also control substantial parts

of international capital flows, so that their impact

on the variocus national balances cof payments and currency
values has been quite relevant. All tocc freguently,

they have helped to create or amplify imbalances among
the leading currencies, and consequently have en-

hanced

the instability of the international monetary system.

The shift to fluctuating exchange rates, intended to
enable more independent national monetary policies,

has slowed down the process of international integraticn
which prevailed under the fixed exchange rate system
built by Bretton Woods, while the lack of <o-

ordination of national monetary policiles and the

growing private liguid assets have encouraged speculative
behaviour in the currency markets. The conseguent climate
of uncertainty is detrimental to the development of

world trade; this hampers the recycling of the OPEC
surplus and also the financing of non-OPEC LDCs

imports, whose outstanding long term external indebtedness
ufrmas&u& $ 700 billion by the end of

A



1983, rising from alboul $100 hillion in 1973, '

There is widespread concern tha'! .arge-scale dis-
equilibrium in trade and payments will characterize
the world economy during the 1980s g:d, in furn
could have a disruptive conseguence on &conomic
growth and employment in the DCs as well as LDCs

The resulting ircreased instability has had a
dampening e7fect on production and investment and
has acceler.ted, rather than slowed dowr, the inter-—

aational transmission of inflationary pressures.

3.4 JWorld Order® and Stagflation

The disparate and increasing usuage of the expression 'world
order’ and the proliferation of books, articles and documents
on this topic all signal the end of the post-war system, whiuvn
was bullt on the US hegemony. Most peop.e agree that the
political-economic order in general, and the monetary order in
particular, tend to reflect the overall distribution of power
and the siruggle to modify or to retain it. In a real sense,
therefere, " he wor’d monetary crisils is basically about what
economic, military and political role the United States

should play in the world™. 8 The US saw its hegenomic power
badly eroded in the 1960s and 1270s and has since struggled

- at times more forcefully than others - to regain it.

The crisis of rescurcaes and the phercmenon of stagfiaticn
cannot be understood except in this context and without

explicit relation to the doilar, i.e. to the international

7. IMF, World Economic Qutlnok, Occasion. 1 Paper2l, Wash-
ington Mo 1983, p. 6F and Table 32,

8. The New ¥York Times {16 September 1971), 34, as guocted
by H.O. Schmitt, 'Internaticonal Monetary System: Three
Options for Reform . Iuternational Affairs {(April 1974),

S50, 2, p. 210 "There is good reason to suggest that the
crigis of world capitalism is inextricably intertwined
with the decline of American power," Camilleri, op.¢it,
p. 141,

L5

monetary system. In terms of international econemic crises,

there are two types of integrated monetary system - highly

centralized, (or hegemonic) and the plural; a sub-distinction

of the latter could be considered the system of blocs. There

is also a disintegrated cne, namely, monetary chaos. 9

In the hegemcnic system cne country issues the reserve

currency and consequently is exempt from the need to remain in

equilibrium, although it loses the exchange rate as an

ipstrument of economic policy. The system generally suffers

from inflation as “"the hegemonic power is unable to resist

running excessive deficits in order to bolster its

pelitical, military, or economic position." This worked

for the United Kingdon until the First World War, but it

is now difficult when a plurality of industrial power

tend to resist any imposed international division of

labour ¢n which to base the equilibrium of the whole system.
The rationale of the plural system rests on the "inevitable

corruption of any national hegemony. plug the inevitable

resistance of powers." This system may be multilaterally

managed or austomatic. The first "tries to combine plural

egquality with centralized control™, but in fact either prevents

agreements from being reached or ccvers for the hegemony

9. Fur a similar classification and most of the substan-

tive explanation see: D.P. Callec, "The Decline and
Rebuilding of an International Economic System: Some
General Consideraticns," in Money and the Coming World
Order, D.P. Calleo (ed.), New York U.P., New York, 1976.
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of one power. Multilateral institutions thus flourish
either for highly technical matters or are limited to
members who share common situations or interests. The
autonomic plural system is organized around certain accepted
rules of the game which, as in the pre-WWl system, are
concerned more with stability than with growth and employment
because too much emphasis on the latter would make such a
system unworkable.

A system of blocs - Calleo's bet for the future - requires
"a mutual renunciation of hegemonic pretensions... and a plural
world pclitical-economi¢ system, with interdependence regulated
by a shbared concensus among self-determining subsystems...
A balance of power equilibriuvm among the major centers could
be maintained by a mixture of floating and controls."

Toc conlcude, the twco main types cof international
monetary system both tend to be inflationary either because
like the hegemonic one, it is structurally so, or because
of the neglect of stakility conditions in the plural system.
Such a neglect becomes logical - or necessary - in view of the
excessive fiscal and monetary policies of the nation-states.
Politically organized rising expectations, whether national or
international, shape economic policies which may actually
either hinder re-equiliberating tendencies within the inter-
national economy or require too many SCarce resources.

It remains to be seen whom this permanent inflationary
pressure benefits and why it has lately heen accompanied by
an unprecedented rate of unemployment.

3.5 From the Convertible to the Inconvertible Dollar
Standard

The official suspension of the convertibility of the U8
currency declared on 15th August 1371, perfected the de
facto dollar standard initiated at Bretton Woods.
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Placed at the centre of the monetary system, US
inability to adjust its exchange rate meant that the
discipline of the balance of payments which has so often
been forced on all countries was ineffective on the US
economy. Other nations were left the alternatives of
accepting the US rate of inflation or of accumulating
dollars in their reserves. "In effect, therefore, the
central bank of one country was placed in a supra-
national role, exerting a large influence on monetary
conditions in other countries without necessarily
being responsive to their needs.” Furthermore, all
other countries had "to accept whatever capital and other
transfers the United States might choose to disburse
abroad, for whatever purposes, and either accumulate
inconvertible dollars, or inflate sufficiently to allow
American producers to earn them back." In fact, this
meant an "implicit underwriting of American investment
in Europe and of the large increase in overseas
expenditures asscciated with the Vietnam war". 10

In order to defend its reserves and safeguard its
freedom of movement, i.e. to regain the exchange rate
as an instrument of economic policy, the US suspended
dollar convertibility and accepted the floating exchange
rate which, in principle should allow countries varying
inflation rates, but in fact enable "American producers
to expand at the expense of others wherever increased

10. Schmitt, op.cit., p.197 and 199
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American transfers abroad, of any kind, regui- . £i cing 1

The dan- :r that the floating rates alsc "
continuwas ‘invitation to economic warf

countries
12

w
iy
2
w

manoeuvre their cxchange rate against ean
is less real because the US ic the only country which is
really free to devaluate its currency, an action which

has strenger inflationary effests on the world aueonomy than

an the US. At the same time, the US has retained the

selgnorage over the supply of the instrument for

international raymentsz. Under the convertible dollar

stardard, the s

.

grnorage i3 equivalent to the net amount
ot money put at

U5, i.e. ths deficit of the official settlements bailance,

ile £he ‘ -
While the rapid growth of the Euro-dollar market has

revicred lesg

the disposal of the world economy by the

precise this equivalence, there is no deoubt
thac US seignorage has also increased. 13

Under tihe convertikle dollar standard, however, US
leadership wias accepted also becavse that country
supplied the world with a common good, namely sconomic
stability. In the 1970% the raduction of its commercial

23— i z i) - . 3
pre-eminenc> and the resulting commercial deficit not caly

P. Schmitt, op. cit., p. 197 and "99.

12, R. Rocesa, in M. Friedman &2 R, Rocsd, The Ba

ice
Pavmentg; Free Verzus rixed Exchange & American
Enterprise Institute, Washinator, 1987, p. 50 quoted

in SchTmitt, o, 210,

3. The US balance of payments offiziel deficit averagoed
$0.6 billion anrually in the 16 5.0 biilicn
in the 1970s. See R. Sclomun, "Tes to Coantroed

"

International Reserves" and other R. Mundell
and J.J. Poulak, The New Internaticnal Monetary Syshem,
Columbia, UP, New York, 1977. T T T

-4

curtailed US ability to provide the common good, but made
it the direct cause of troubled international financial
relations which, in turn, generate economic imbalances
and world stagnation. Free of any external constraint,
at the beginning of the 1970: the US start to reflate,
thus, contributing to the first accelerarion of the infla-
tionary procegs at home and abroad. The following devaluation
of the dollar heired to contain the US commercial imbalance
and to eliminate any potential monctary role of gold, as
in the late 1960s the US had accepted the creation of SDR
only to prevent sufficient support being given to the
French proposal for the rehabilitaticn of the role of gold.
More recently, although the inconvertible dollar standard
makes the financing of oil imports easier - i.e. less
costly - for the US, the reduction of its dependence on
foreign 0il is contributing to that country's recapturing
of commercial leadership. US competitiveness has been
enhanced by increased energy costs, while the continuous
inflow of petrodollars helps to finance its development
cf alternative sources of enerqgy and 15 direct foreign
investment, including its rising peanetration of NIC's
manufacturing sector.
The: higher interest rates applied by the Tederal
Reserve Bank enhancos US ability to obitain resources from
the werld economy but, at the same time, by making the revi-
talization of most DCs increasinaly &ilficult, perpetuates its
instability. Failing to provide the stability of the world
economy, and =o justify US seignorage, 14 this common good
i3 inocreasingly rephrased in terms of defence. The cold war
hes already once proved a very useful instrument to establish
US negemeny: it might be useful now to regain a similar
positicn. ’

14. C.P. Kindleberger, "Sysisgs w1 international Economic
Organization®, i Taldeo, op. cit., pp. 37-38.
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The re-establishment of US competitiveness limits the
growth of imports from other DCs, and consequently has a
depressing effect on the latter. The same effect is
caused by the OPEC balance of payments surwlus: directly
because it reduces the domestic demand of oil-importing
countries, but also indirectly because it limits their
overall importing capacity. Ultimately, the o0il problem
is one of financing the balance of payments of importing
countries, which roughly include Eurcpe and Japan and some
LDC s. This means then that the present crisils, more than
a world crisis, is limited to certain areas,

To sum up, understanding of the bresent internaticnal
crisis seems to rest on two main elements.

In the short run DCs, including the US, which face
persistent balance of payments deficits and attempt to limit
their impeorts, cause a lowering of their own income as well
as that of the rest of the world. Contrary to what happened
in the 1930s however, the US can easily finance its deficit
with dollars while some LCDs have had access to the private
financial markets. The financial constraint has therefore
burdened Buropean economies most of all. 0f course world
demand could be sustained by exparding official internaticnal
liguidity. The sources for the creation of the latter -~ SDR

enlargement of IMF guotas, etc. - are controllaed by the US, 15

which ~is not necessarily interested in halting a crisis of

which it is largely the cause but also the main beneficiary.

In the leonger run, the revitalization of the world economy

finds an insurmountable limit in the availability of
non-renewable rescurces and in growing labour costs once

unemployment levels start to be seriously reduced.

15. See also R. Parboni, The Dollar and Its Rivals, NLB
and Versoc, Londen, 1987, pp. 78-9.
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The danger of an increased inflationary pressure
as the result of an extra creation of official international
liquidity, could be reduced by linking it to (i) massive
investment in the producticn of and search for LDCs
resources, and (ii) the financing of relative stabilization

schemes.

3.6 Domestic Policies

Policies which affect the world economy are still decided
nationally. In terms of their international perspective,; three
schools of thought canbe distinguished, which a) perscribe
economic policles, directly or indirectly designed to affect

national output, employment and the general price level;

b) measure the relative merits of the governments monetary

and fiscal policies by their contribution to national

economic goals; and by implications c¢) assess the role of

the state. 16

(1) The Keynesian school subordinates the goal of the
world economic stability to national policies designed
to achieve full domestic employment. Such full
mobilization of national resocurces in a government-
shaped econcmy tends to neglect price stability
and in fact "one predictable result of neco-Keynesian
demand management policies has been inflation of
the general price level"®, first domestically and
seoon internationally, and "a decisive decline in

the primary of the private market economy”.

16 See "The Creation of International Mopetary Order”,
L.E. Lehrman, in Calleo, ecp. cit., mainly 77-101.
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(ii)

(iii}

The monetarist school advocates the principle of

price flexibility in a free marker economy where the
role of the state should be reduced toc a minimum,

In effect, however, it "elevates the state over the
market by asserting the supremacy and independence of
naticnal monetary policy", by which "the sovereign
nation state can shape the domestic market" and can
have "more natural and efficient influences an

output and rcscurces allocatlon than the neo-Keynesian
fiscal pclicies". Under the name of 'fine tuning',
however, "an intrerventionist monetarism often combines
i1 natienal policy with an interventionist Keynesianism.
The latter dogma enccurages government deficits, the
Termer finances them." Furthermore, many American
monetarists "do not perceive that.... the short run
objectives of national monetary policy, especially that
uf a great power have sericus global implications....
because the dollar is a reserve currency and, in its
role as world money, serves as the basis for other
nati-nal currencies." Therefore, "reasonable men

mighks well wonder why management responsibility

for a common world currency is permitted to gravitate
to a singie government, the national self- interest

of which may only rarely coincide with an efficient and
eguitable distribution of world economic benefits.”

The classical liberal economic theory, nowadays not
often seriously considered, which "called for balance
in the government budget, reduction of certain taxes

in the long run interest of national economic welfare..
sound money and private market sovereignty.. maintained
by streng but constitutionally limited goverpments...
Real resources had to be earned... and an ordered
society was not organized to satisfy men's infinite
desires but rather to establish and maintain the

public interest.”

-9

Although more convinced than the other two schools
that national economies tend to become integrated
internationally,the classical approach "provides the definite
cbjection to a national currency serving as the world
currency is either a fixed or a floating exchange-rate
regime.” And while many nec-Xeynesians and monetarists
believe that flcating exchange rates can effectively
uncouple a national monetary system from the world system
and therefore prevent the internaticnal transmission of
inflation, there is no doubt that "as long as the world
currency has a naticnal identity, its wvalue will be
determined largely by the monetary policies of a single
dominant country, the self-discipline of which cannot
be taken for granted." In fact, the floating
exchange rate system has been adopted conly when the
US decided it was convenient for it to do so. This
system is potentially an instrument of nationalistic monetary
policies which may become either " the indispensable
tocls of resurgent economic insularity", as Lehrman suggests,
or the instrument to build up the economic bloc foreseen by
Calleo.

What is certain is that these competitive nationalist
pclicies tend ultimately to depress the economics concerned.
hAs the US is much less conditioned by the balance-cf-payments
constraint, it can still obtain a rate of growth higher than
that of the capitalist economic system as a whole. Under
these circumstances it becomes difficult, however, to
maintain the unity of the system threatened by the
frustrations - and therefore possible aggressivity - of the
various BC squeezed between the US resurgent hegemonic
power and the robust competitiveness of the NICs. The

growing economic interdependence of West Europe with its
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Eastern counterparts 17 is resented anrd oppcsed by the
US. At the Ottawa summit the proposed Soviet pipeline -
a $i5 billion deal which could be very useful to the
latter's ailing steel industry - was at the centre

of discussion more than the American high interest rates.
Soviet methane can be exchanged with Western European
manufactures, while Americarn c¢oal - as proposed by the

US - cannot be bought in the same way. The Middle East
crisis offers anothw: example of these tensions internal
to the Atlantic economy: Western Europe backs a solution
more favourable to the Arabs because Israel's containment
would also imply the containment of US economic presence
in the r‘ch markets of the Middle East. Furthermore, Arab
financi~:l rescurces could be very useful to Furope and to
the latter's penetration of Africa.

The rediscovery of a common enemy - real or alleged -
then becomes necessary in order to contain the disruptive
effects that such contradictions could have on the
present world order, and to justify the appropriaticn of
resources th:t this order allows the hegemonic power to

continue without however, providine any common good.

4. Conclusions

Ag national economies are increasingly integrated
into the world economy, the cause of the present crisis
must be found at the national and at the internaticnal
level, a distinction which is becoming difficult te
retain even for purely analytical purposes;/_The crisis
has sericusly undermined the confidence in the present
international economic order and in the welfare state

into which, since the Great Depression, most DCs

17. While Western Europe's commercial exchanges with Eastern
Europe have been growing, its interdependence with the
Us has not.
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socic-economic systems have been moulded. Both the

reconstruction since the Second World War and the

building-up of the welfare state, have been the

sources of the unprecedented economic development of

the DCs and have also required the expansion of the

rcle of the state. These Keynesian state-interventionist

demand managed economies - often badly imitated by

the LDCs have turned into stale-mate systems of

corporativist interests capable of deterring each

other rather than of co-operating for the general benefit.
This has contributed to the decline of the rate of

profit and of its share in total output, and consequently

has opened up ideological space for the conservative-

monetarist revival aiming at re-establishing more

favourable conditions for profitable investment and at

reducing the growing costs of the welfare state.
Dissatisfaction with the performance of national govern-

ments is also due to the fact that the nation state's growing

inability to satisfy the ever-increasing demands results

partly from a profound process of internaticnalization which

reduces its autonomy. 18 Meanwhile, economic expansion

has become less likely - or even less desirable -

because cf the rising costs of production and of the de-

clining weightof the manufacturing sector. The supply-site

approach only emphasizes the need to produce before

creating the required demand, i.e. to reduce the growth

of demand, primarily sccial and public, and to liberalize

the economy by diminishing the role of the state.

However, it is mainly the redistributive and social functions

of the state which are curtailed, while some obsolete and

unprofitable econcmic sectors still require, and obtain,

subsidies and protecticn to counteract other DCs or NICs

competitiveness, even if such state interference is bound

to fuel domestic inflation.

18. A. Lindbeck, "The Changing Role of the National
State," Kyklos. 28, 1, 1975, p. 36.
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The process of internationalization of production has
created its own decision-making structure based on a series
of multinational instituticons and crganizations, private
as well as public, closely interacting among themselves:

a process which hampers and altgrs the task of nation
building which still faces many LDCs.

The exploitaticon of the crisis by the US in its
effort to regain its hegemonic position within the weorld
econonmy, tends to lower the growth potential of most DCs
and LDCs., US rearmement, also meant to revitalise its
economy as did the Second Wrold War regqguires huge guan-
tities ¢f non-renewable rescurces, the demand of which by
the rest of the world is kept low while the economic reces-
sion continues. Economic growth of "more-otf-the-same" type
clearly shows its limited applicability, both for civilian
and for military production. Even if a natural resource rich
country like the US finds itself in a more favourable posi-
tion, the derision to increase the production of guns must
involve the politically dangerous substantive reduction of
butter, i.e. social benefits.

The crisis has also been used to justify the smaller
official transfer of resources tc LDCs. In fact, the in-
dustrialization of NICs has been largely financed by inter-
national private money.

The adoption of conservative-monetarist policies by a
growing number of governments represents the end of the
social-democratic project, both in DCs and LDCs. In this

sense, the present c¢risis marks the end of an epoch.

SCUTH-30UTH CO-CTERATICH WITH TARTICULAR REFERENCE
TO TRANSFER OF TECHNOLOGLIES

Boris Cizel,

Research Centre for Co-operation with Developing Countries {RCCDC)
Liukljana, Yugoslavia.

1. The 1dea trnat the develop:inyg Zountries szhuuid  ptnuividually ana
colinrcrively rely to o greoter edbtent on theii Gwh [eSources appeared rather
recently and without muca prier theorizing. 1t vould Le fwelatea to tne
political awakening and common aClicns taken by tne pon-aligaed anu other
doveloping countries, particulatly since iv/6. In view 0f the encouraging
successes of political decolonlalization, uno as Lhise countries recognized
the limitattons of the voriocus "umiversai nodels of  deveiopment™ and  the
Tappropriate technology”™ strateyles they nove, over tne last decade, dJeveloped
thelr own “1aternational aevelopment stratogy”™, and attempred to formulate 1t
in tie context 2f a new Llnternationsl ecorol o uroee, trom ¢ historical point
of view, tne concept of self-reiiance 1o o tuadly nobaing aew. IL Ccan ve saiag
tiat not one of the present-uay develsp d o Joustfles aCioleved thnelr level of
aepveloprent without uvomost mosilization ob all 1ts resoureess, wnlie ar tne
same time making fuall use of the positive cileots ot snternational economic

COCpe ration.

Under the present condltlons ©f ever-lnoreasing integacpenuaence ot che

international economy as a whuole, the Bl cennot torgoe coepetation with the

aaveloped world., However, Lney are 1n 2 puSitlon Oof  assymellc dependence on
tne developes worla ana taey MUst Cocate Concltlions Lo enable tnemselves to
Lake oe peskt possible advantage ol internstional  trade  as  an  important

fexternal) factor of thelr gnClo-ecuiunle Lransivimatlon.

Up to the present no satisfactory sclwntitic sefinivion of the concept ot
W25 zmeli-reljance nas been produced. We tewi tnat such a gelln:tion would,

donve 2il, ndave to cover tne [oliowlng saslc fediurus:






o WAt on

a) AuLONOMOU: Qo1 Sicn-mak1ng [SOVTELH &

pmoas weil o an o HT S0 AR FA R SR W LS bt

thone related Lo aomestic economic 1Ll

relationss

o)} The =stablisament ©f a4 structare i the natbloral oonomy wnilh wili we
capable of generatiny thosSe IMpUises on wihlen thie Luceess ol soclo-ecunonlc
development depenas, in accordance with tne prevalling synbem ol values of tne

given country.

This postulates, among obner thiige, tiae capacity ot o ugeveluplayg economy

LIChA Wil!, CumIGiney witn forelyn ecunoinlc

to mopilize all domestic resuurc
relations f{on a level of as great eguality ax  possiblx) ensure  Lhe
implementation of the adiopted aevelopment  strategy. lriespective ar  the
conaideranle differences i1n the congltions  ln The  Varisus  categories ol
developing countries, as well as in their spedilic foreign trade policies, the

conceplt of yreater selb-reilance can 1D no casSe ne considered identaical with

autarchy.

in fact, this consept does not call Lor any significant recuctiun ol ine
DC’'s giubal economic codueration with the develioped countrics, DUL IMpLivs,
above all: (1} a change in the pature ard ntiacture of these relations, in

order to achleve greater equality bpetween partners add;  {2) above atl, a

significant increase in mutual cooperation 2mong toe Jeveloping countries.

While the concept of collective seli-rast GaLrny in IMPOLLance o 3

e 1R LS LECOmING  Lnoceasingl)

development strategy of the weveloping

ouvious that DO T onat witly on Thell ovVesToinling ul

s mutual CcoopeLation e

pel

economle under-develounent anag on mute <ygarbanle relatloos witn the aevel

tenl perlloles tneliss

worlc, but aisu on the extent to whiroo Lawelr uwvelo

create conditions for fruitlul cooperation at che Sunerediongi, feqional and

interregional level. This invlcates  tne  strony  interdependence ool

domestic socliceconomic duvelopriout, TG nbtuat cooperaticn, and the

struggle for their international ACoNONIC eld . Cipal Lo

.
2. In the search for theoretival touncations tur the concept ol WS

greater, collective self-reliance, mogt O6 Lig Doeorn CONLIIOUTLICHS to  tne

attention wiisk

theory of international traade nave oveen stuuleu, ang particu.ar
devoted to the theory of eCCnOMIC LOLoiaticn. WhLle GlSCdssiony On the tormer
theory do not devote appropriate ottentier, to this spucific problem, tnce

ami:ng  tnese

theory of integration does CORslder  tie  lalegrallon proces

countries faicrly closely. One couid speaw of a still youny suoulscipllne {or

LA el
school of thought), wnicn  deals Wit tiie prollenms ot Ul s econo@lc

integration.

wWe o ool that the rtheowretical Ethinkita b tnls LoupeT vl Uhe  pazn 2y

vear s 2an be divided into tnres pliases, wWLLLH Aare  Jnaraclorrzea oy s

SedbaA 1y QpRrOaCne Ty Nar et HEARAES G S R P WL RIS Loty oo B,

Wi Ly

integration,

The first of tnese (whicn nas few supporters leit touay), appiles toe
clauslcal concept of integretion o the coveioplng countries, without  any
aaaptation. The {[ollowers ol tnis appruas: intorpret econowic gruwbh as tne
essontial problem for DU's (distuunting sievelopaent 1s a process of complex
sacioeconomic transformaktion) . In Lol Ll N e, BULrnomy growth would oe
aueelerated by integration througn lunoraossbren ol latrayrouping trade, tnat

1, through extension of Lie narzet.

The sdecond approach taxen 1ate acioust ne specitic development functions
ot integration undel CONULTiILNG Of coonolis tadeddevelopient and recognizes
tne factors which pravent successful operation oL the Jarsket integration. [tg
advacates propose a complex policy of intejrasion dusignea to encompass ali
cnases of whe economic wrocesses ane all 1eas ol economic  policy, and

theretors postulate sStroaa stato nterwonilo:s.

It wan oniy the third approach woloh frood itsell Lrom the Limitations of

foreign trade theory ana @models ob  intesreation Jdesigned tor, ana  in  the

developed world, anu 1s strongly L3S0 U oUern VICWHE wl deve lOpment Theory.

Aslthounn there are conslaerasle @ fteronoes celwen the  duvocates ol this
ALPESACH, Ccumhon tD them all are: a Triilogl arTliede Lo the custums union
theory, and strong links witn a variety ot {Dat only eCenomis) social
scienzes. This school has prodeced eeceptiunally wseful work which does not
offer tne DU's riqid formulas and recipen, nut uroyldes tlexiole alternative

instruments and mechanisms whoese applivation the develupilng countries can

adapt to the qlwen conuitions in eacn speviiic integrution process.

The FEollowing typology gives a orief comparative sugvey ©f the major

characteristics of these three approachos:
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TYPOLOGY OF [NTEGRATION

PROCESLES

THE MARKET
APPROACH

THE QOMPLEX
APPRUACH

2B FUNCY LONAL
AFPR TACD

Thearetically pased on
the customs union
theory and on the neo-
classical scheool of
foreign trade.

Thecretically vajeo an
tne modern thevry of
integration and on the
protectinnist-urter-
ventionist schweeols of
foreign trade,

An intergisplinary approdon

closely iinked to deveiop-
ment theGry 15 beliny
cppliea, stnce foreign
trade theory is considercd

too narrow a tramework forn
integration,
Whiga

studylng
particulariy in the
wor ld context.

The process of inte-
gration 1s inter-
preted 3s a gradual
merger of national
markets through

trade liberalization,
and the final goal 1is
the establishement of
a comnon matcket.

Integration is aefined
as & process of active
estaclishment of a
reglonal economy, which
calls for harmonization
of eccnomic and social
policies, s0 as to
achieve the estaplish-
ment of an ecenomic
community ovr even an
economic an! politicail
unlon.

Integration 13 one ol mne
bCrs development strate-
gies anu 1t 15 npot limitza
to tne unification of
markets, and it also nued
not strive tur as nigh a
level ol inteyraticn as
possible in all cases.
This approach is very
flexivie in the cheice ol
goals ang instruments,
while the
ecuanomLc
must be
production sphere.

interdependenc

development of

based on the

No specific attention
is paid to the distri-
bution of benefits
ameng the countries,
since it is expected
that a comman market
will ensure the optimal
alocation of resources,
which is to the

benefit of all part-
ners; avtomatism of

the integration

process does not call
for any specific joint
institutions, and the
sovereignty of the
tries remains cracti-
cally untouched.

Back-wash effects to tne
detriment of the econo-
micaily weaker countrles
are expected, put it is
also expectec tnat this
will pe satisfactorily
compensated Dy anti-po-
larization measures
wiich would nave to Le
taken Dy tne appLo-
priatve joint 1nstitu-
tions: Lhls, however
reduces the sovereirynty
of integrating countries,

Polarlzat:ion 15 a Concaiil-
tant feature of integra-—
tiea and 1t can only be
avoided by a systematic
policy of preferential
Measures Lo the advantage
of the less developed
countries, but thls calils
for strong coemmon instl-
tuLluns aiwd Fogulivs
favouraule political

will, that is, solidur.ty
on LLue part ot the nore
ueveloped countries in whe
integration grouplng.

-GLQ

The conditions for sul
cessful integiation
are defined along the
lines of classical
theary {l.e. tairiy
restrictively).

1t a certain yeoup of
countries decides an
LUMmpP LK lntejration and
introduces the appro-
priate palicies, the
condirtions tfor succesful
integration of the clas-
sical theary neecd not be
consitdered fully appli-
cable.

The Cconuifions [Or Succes-
stul 1ntegratiun as focau-
sated 1n classicar aau in
modern integratlon tneory
are rejected, altnoegh in=
dividual elements uo
remain relevant in spoci-
fic gontext, The ain con-
dition 1s faactional suap-
tion ©f the general model
ana specific 1ntegration
policies to the Gaven
groupina and ex1stinyg
Jircumstances.

In their expectations
of static and dinam:s
effects the adhercnts
of this approacn were
initially optimistic
witn regard to the
penefits whicn inte-
gration could bring to
the developing coun-
tries, later appeared
increasing doubts.

In trne expectation,
above ail, of dvnamic
efects, these autpors
tather optimistically
a33ess the potential
cenefits of iIntegra-
Lion.

Kecognlzing siynificat ues-—
1ntegration tavters (ol oan-
tegral anu axternal ori-
gin), these autpnors stress
that lnteygration 1s not a
panacca, but they otili at-
t4Ch great importance Lo
tnis aspect ot development
strateqgy.

In accordance wilth its
generally liperal po-
sition, thicz approach
advocates as little
state intervention

as possible.

Only countries where the
role of thoe state in
agonomic life 15 impor-
tant can successfully
accomplisn complex in-
tegration.

Tne uncontroli-d po3ltion
nf the private sector au
the integration processes
ameny the aeveloping
countries is in many cases
one ot the major causes of

failure, Efficient state
intervention is essential
for successful econemic

integratlion.

It is expected that
reqional integratiocn
will damage the worlu
ecoenomy less than
ptotectionist poli-
cies at the national
level.

Priority is given to the
interests of the inte-
yration groupings (and
not to apstract prospe-
rity for the worlc as a
whole)) however, tne
dynamic efects of regio-
nal integration are ex-
pected ro nave a positive
effect on the world eco-
nomy .

in view of tne antagonistic
division ot the world into
developed and developing
countries, the integration
ol the latter 15 seen as

an instrument of their col-
lectlve selbf-reliance and

a factor ol yraaual trans-
formation of tne worlc
economy along the lines ol
a new oruer. ALl this -
along with the dynamic
effects of regionail
integration - is of
nengfit to tne world
community .
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3. According to the documents of the norn-alignes! and other developing
countries, tne goals of their mutual cconoRic wocperation ould be definea as

followss

a) to take full advantage of the existing level of complementarity and to
gradually eliminate intermediaries {from tihe cevelcped world) from pc’s

mutual economic relations;

b} to develop new areas of economic complementarity and to set up joint

productive capacitiess
c) tu strenghten their bargaining position vis-a-vis the aeveloped worldp

d) to set up mutual relations in accordance with the principles of the

new international economic order.

4. The data on trade among developing countries ~ which constitutes the
major part of their overall mutual trapnsactions - indicates a stagnation up Lo
the end of the 1960s. Thus in the period 1%76-72 trade among tne DC's
accounted for 20.:% of their total exports, and tor only 3 8% of total world
exports, However, in the course of tne past decade pC’s mutual trade
experienced the most dynamic growth among all categories of international
trade so that in the period 1980-1988these snares rose to 2F.6¢ and ?-5%

respectively.

-l 4=

Table: The relative importance of developing countries’ intra-trade,
1970-1981
(Based on export matrix)

Percentage Percentage Quantum index
Developing share of deve- share of deve- of developing
countries loping coun~ loping coun- counkries mu-
Year mutual exports tries murwal ex- tries mutual ex-— tual exports
{§ US billion) pPoOrks in their ports in total (1970 = 100)
total exporcs wor ld exports
1370 11.0 19.6 3.5 100
1971 12.2 20.1 1.5 106
1972 15.3 20.9 3.7 120
1973 23.2 21.0 4.0 L3is
1974 48.0 21.3 5.7 148
1975 51.9 24.90 5.9 150
1976 58.3 22,8 5.4 163
1977 68.6 23.8 .l 173
1978 73.1 25.7 5.6 183
1979 101.3 24.3 6.2 -
1980 141.2 25.3 T.0 -
1981 i49.0 27.3 7.6 -
1982 145.86 9.9 7.9 -

Source; UNCTAR Handbook of International Trace ana Dlevelopment Statistics,
Supplement 14976, 1977, 14980 and 1981, Montnly dulletin of Statistics,
July 1980, July L1982, May 1984, United Matlons.

The rapid growth of DC’'s mutual trade (from 23.2 billion 1n 1973 to
145.6 billion dollars in 1982) can be primariiy attributed to two factors: the
rise in oil prices (becwen 1975 and 1978, DC's mutual oil sales rose Erom
25.9 to 43.8 billion dollars), as well as the increase in the exports of
manufactures (the value of these sales during the same period rose from 10.2
to 25.3 billion dollars). Here we must note tnat tne share of oil in the total
trade among DC's in these years fell trom 55.3% to 48.4%, while the share of
manufactures rose from 21.3% to 28.0%. Tougether these two categories account

for over 3/4 of total DC’s mutual trade!

Manufactures are of wvital importance to wC's mutual trade; if we
exclude o1l, they account for a gooca hall ot tnis tradey and what is even more
important, these countries can place final i1ndustrial prouucts more ecasily on
each other’s markets tnan is tne case with their exports to de%eloped

countries {according to statistlical data for 1980 and 1970 these products’



share in the mutual trade was double compared to the one it exporst to
developed countries). Thus in 1980, for example, the a¢'s sold over 70% oi
their exports of nonelectrical machinery and transport equipment to each
other. In view of the increasing difficulty encouuntered in placing industrial
exports on the markets of the developed countries, this is of great assistance

to the DC's efforts in the area of export diversification.

We can thus come to no valid conclusions with regard to the relative
importance of mutual trade tor the be's unless we study the cata on the
proportion of their mutual exports and imports to their total exports and
imports, by major product categories. On the import side these countries
greatest self-reliance is on mutual oil deliveries (about 90%), while this
ratio is considerably lower in the case of agriculcural raw materials {around
408), and food {around 308), while in the case of manufactures it is only a

"litle over 10%. On the export side this situation 1s much mote balancea; only
in the case of manufactures these countries sell more tnan 30% of tpeir total

exports among themselves, while in other sectors tnis ptoportion is much more

modest (between 20 and 26%).

Measures for encouraging mutual trade are primarily limitead to
conventional preferential treatment (pased on reciprocal tariff concessions),
while such modern instruments as: long-term trade agreements, financial and
payments arrangements, setting up of joint (multipational} chambers of
commerce and information centers, etc., ate ohly now being introduced {for ene
present primarily within integration groupings}. One of the factors which
seriously impedes the promotion of p¢'s mutval trade is also the lack of
appropriate infrastructural services: f[rom transport facilities, forwazrding
agencies, insurance, banking, to marketing channels and institutions for

marketing information.

Least is oeing done to encourage exchange with the least ueveloped among
the developing countries. Thus between 1970 and 1980 their participation (we
have data for 23 countries) in the total DU's mutual trade tell steeply (in

impdrts from 5.5% to 2.9% and exports from d.1% ta 1.5%}.

5. The most comman forms of financial ano monetary cooperation ameng

DC’'s ate the following:

a) multilateral and bilateral clearing and payments arrangementsj;

b) systems of balance of payments support;

¢) co-ordination of monetary policies, pooling of monetary reserves and
establishment of joint monetary inatitutionss

d) the establishment of sub-regional and regional banks and development

funds.

In some integration groupings (in particular in Latin America and Africa)
payments agreements have proved to be an impottant instrument for the
promotion of intraregional trade. Up to the present regionai and subregional
banks (perhaps with the exeption of the Interamerican Development Hank) are
not yet an important source of finance for regional economic cooperation.
There is still very little direct cooperation between the commercial banks of

the develeping countries.

Monetary cooperation was most higly developed in Africa but now - in the
process of intensified economic decolonialization - this cooperation is
undergoing a transformation, which is accompanied by friction and constraints.
Balance cof payments sSupport measures are at present of a certain importance
only in Latin America, while in other areas these are only now being

established.

6. In recent years industrial cooperation has been the object of
considerable attention, Here practice is gquite varied, ranging Erom market
sharing and jeint investments to joint programming. Especially in Latin
America the establishment of joint wventures of a bilateral and multilateral
type is increasingiy emerging as a practical instrument for achieving greater

self-reliance (not only at the microeconomic level),

With some exceptions, in particular in Latin America ang in parts of
Asia, the developing countries have not, up to the present, succeeded 1n
putting into effect any appreciable pact of their programmes far industrial
cooperation, in particular in the area of Joint programming and the promotion

and coordiration of regicnal industrial development. [This can bLe explained, on
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the one hand by the great <orulexity of tnis Llors or cospsration and ooy
unfavourable objective conditionz, W “he (1SRN fanG, there are also
subjective Factors: the differences in requlating the pusition of fareign
capital, and 1n many cases countries are aot  prepared  to increase
interdependence with other naticral cconpomias in the region, non even in thelr

own integraticn grouping.

1n spite of all ditfficulties intra - Ta.rd Woeld joint ventuges are
growing 1in number {(a conscrvative ostimace  execeeds 2,000 wventures) and
lmportance - in seme cases these enterprises provide a major share ot these
countries’ domestic production. Bogiaes mainufacturing tney ETe e 1nyg
established in a pumber of wervices: transport, panking, engineering and
wmzititancy. Besides tre conventicral swotives, the investors  (private ana
publicy realize that their genuine or well adapted foreing technology can
provide a great advantage when they are  investlng oo octicer developing
countries. since the conditions, proplems, and reguiremcnts are often very

similar, or at least more comparanle then 1n the Horth-Souta context.

7. Scirentific and teonnical Cooperaticn ard cuopertation among DC's  in
the field of information are siill very modest. However, In recsnl yesrs great
attention has peen tocussed on tnese Loros of couperation. Many acitivities
have been initiated, bothh on the subragiuncl ahd bilateral, as well as on the
regional and global levuei. They will srooucly produce laportant results, some

in the short-term, hut still mcre on & lung-tarm basis.

8. Almost thtee quarters of the daweloping countries (ahbout 60 countries
in over 30 groupings) are involved 1 inteyration pProcesses  on tne
subregional, regional and ntecregicnal lever. There are many differences
between these processes, but It can be saxd for practically ell of them, that
at least for the present they nave not yetl wiu® 3 signifivant contribution to
more rapid domestic econumic development in tne integratindg Ccuunhtries, while -
in seme cases more, and in some cases less - thes hace stroaghtened tne
negotiating position of the integrating OC's wis-a-vis the developed world

(e.g. ASEAN and the Andean Pact).
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Irrespective of the actual and nominai differences between the indivadual
groupings, the basic mechanism which 18 used, was and still remains the
reciprocal granting of tariff congessions in mutual trade. Preferential
treatment is almost exclusivély timited to the tariff rates, while
gquantitative restrictions usually remain unchanged (or are even extended}.
With rare exceptions (eg. the East African (ommunity and the Central American
Common Market}, tariff liberalization did not cover the majority of products,
not did it significantly deciease the average level of tarif rates. In some
subaregional groupings there is some division of labour ana joint planning of
industrialization. However, 1n no case has this instrument been fully
developed, There is a similar situation with regard to the harmonization of
operation rules for naticnal, regional and foreign investors investment (e.g.

codes),

If we wish to make a short assessment of the results achieved in the
D¢'s regional inktegration processes we have to recognize that, taxen as a
whole, these results Fall short of the expectations of the countries
concerned. And, on the basis of the proportion of intragrouping exports to the
total exports of tne integrating countries, we can llustrate the low level of
sconomic interdependence in the framework of the main integration groupings in

the developing world (in 1979 they accounted for o<nly 12.5% of total exports).

Although a direct comparison of the integration of the developed
countries with the integrations of the developing countries 1is of wvery
guestionable validity, we must stress that the former - at least for a certain
period - led to a regionalisation of focreign trade of its members (in EEC and
CMEA more than 50% of the member-countries’ trase is conducted within these
two groupings}, while up to the present there have been no such tendencies in
tihe developing countries. The data avallable indicate a marked tendency in the
opposite direction: in the period 1970-1976 the share of intragrouping exports
for 13 main DC's integration groupings in the total DC"s mutual exports
fell from 30.7% to 20.0% (1f we exclude oil, however, this share remained

practically unchanged, that is, at he level of 43e).
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PECULIARITIES OF CONTEMPORARY SCIENCE IN DEVELOPIAG COUNTRIES

M. Anis Alam

Physics Department, University of the Punjab,
Lahore, Pakistan.,

The title of the essay rezds clarification,Science is genarally
cansidersd tp be the study of matter in all its diverse forms:
animate, inarimate,terrestrial or extra-terrestrial,This ongoing
study is cumulative and hos already resulted in an ercrmous
rurlter of facts snd theories trying to hnit them in comprebensib-
e form.4% such its rature should he the same ,whether it origin-
ates in a developine or deweloped countrv,There cannot therefore
te any pecullarities of science in developirg countries.in this
essay ,however,science is considered in a much broader sense so
as to include in addition to facts and theories of science,also
its practice and the practioners.Considered in this broader serse
many peculiaritdes of science in the developing countries emerge,
which will be detailed in what follows.

The first point to he noted is the fact that science didnot
originate in any one of the developing countries,it was an implant,
This fact has been krown for a long time but has leen explicitly
stated by a historian of science George Fassala.He writes:

"Until fairly recent times,any region outside of
westren furope received modern science through direct contact
with the West furopean country? On the mode of introduction of
science cutside west Furope Passala cokserved ;"Through military
cuncuest,colonization, imperial influence,commercial and political
relstions and migsicrery activity, the nations of wastern Furcpe
~ére in a position to pass on their scientific heritage ta the
widar world, !

Pue 1o its peculiar mode of introduction in the developing
countrizs science was divorced of the profound philosophical

3  social,politicat,cuttural and ecoromic envoirrment in whkich
it was born,developed and spread, in western Europe.This had far
reaching effects for the further development of science in
developing countries.As 1 have detailed elsewhere™, the rise

of science in Eurcpe was also accompanied by a profound trans-
formation in the phitcsophical world outlock: from that of a
Aristotelian-Thomistic ccsmology of a closed,hierarchically
ordered geocentric universe,with its emphasis on the ephemeral,
trarsitory nsture of 1ife on the corrupt,vile and btase zarth,
governed by divine will and laws,discoveratle only through
introspectior,deep reditation and contemplative speculation

to that o. an open,infinite,unbounded, heliocentric universe

of Copernicus,Kepler,Brahe and Bruno,governed by well-defined
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laws, discoveratle anly threugh rainstaking,veif-conducted repeat-
ed observations an d gerzralizatiors kased thereon,The emphasis
also shifted to the earith,earthly life and to mar,Scholasticism
of the middle ages gave way to cmpiricism and inductivism,
Through scientists and philosophers lits Gaulileo,Rescartes,locke
and scientific bodies like the Royal Scciety (1A42- ), Science
became EXPERINENTAL-MATHINATICAL, =

This charge of cut-look can bYe summed up 2s follows,. At the end

of 15th century,educated reople in Vestern Furcpe beleived 4! cme
selves to 'e livire in 3 static carth-centred hierarchical universe
completely at {le mercy of ratural forces‘cuntinually nernaced by
demonrs and witihoo against whome they were totally helpless. Two
hurdred vears igter sthey thought of therselves as Fiving in a
small planet circling round the sun, whose mot ion they understond,
Further they thought,that the world around threm followed well-
defirid laws which could he discoserad by experiments and deductive
redsoning, and that it could te mestered and controt ted? Armed

with this newly won confiderce in themselves and the|r scientific
methe i, the Furopears marched on rot only to concuer and dominste
their immediate environrent but also to concuer and dominate
other parts of the world.The rest is known ard descrited in
history books.

Eecause of its peculiar histors in developine countries ,8Cience
there,is practiced in an ensy ironment which from philosophicat

end cultural! pontof view,is predorinant !y prescientific,ds a
result, sc.cnce in these countries continues to remaim an activity
which is corsideredeither tlien or at the most rarginal to
domerant cultures,This is rost clearly reflected in the extrerely
small size of scientific communities in the dereloping countries,

irderdeveloprent of Scisrce in Peveloping Conntries:®
fical Indicators:

Atthough almest two-third of the world population of J.chil!?on
lives in the developing countries, just over ten rarcent of the
world total of 3,75A,100 Research and developmert (R ¢ D)
scientists and engineers(s ¢ e’ w ork in develaping countries,

The share of ifrica is only C,4 percent {populat on
of the wor!d totall, for the Apab States only O

Lgtnn American enls 1,5 porcent ( population
world population IRE

e Statis-

Percent
- % percent, for the
percent of the

p
Locked at fram arotfler point _f vizwithe nunler of RID ,s fe

per million of population is enly 125 in developing conuntries,
varving from 0 in Africa, 2857 in Latir trerica, 28 in Asiagr”
Comparable figures for the Jeveloped countries g 2952 ,
varying from a high 5172 for the U,5.S.R, 2575 for 1,8,
2934 Zfor Javan, 2479 for Toltand |, 1349 for UK and

rln
to a low for [taly
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If one compares the expenditures on R 3D by \?rious coufiries and
regions unsatisfactory situation of scoience in deve1optng
countrias becomes more transparent,During the year IGSB,t“e'
developing countrizs ihough possessing 10.6 percent of working
RE&D,SEE . ¢ spent only 6 percent of the world

total experditure of US § 207 &CL million " African region (exclu-

dirg Arab ccuntrics and South Africa ) faving C,4 parcent of

the worid R 2 D,s & e spent only C.23 percent of the world
expenditure on R ¢ B.Corresponding ficures for Asia {excluding
Jaran Y are 15.5 and 14.8; for Latin Arerica 1.& and 1.4,

For corparison hYorth Arerica having only 18,5 percent of R & D

s & e spent in 10880 , 12,5 percent of the wortd expenditure on
R & D.The developing countries are thus not spending encugh on
their scientists and engineers engaged in R & D,

Although the Gross National Products (GNP} of the developing
countries are much lower in compariscn to those of the des eloped
countries, their expenditure on RED as rercentage of their GNP

are even lower, Thus developing countries ,in 1GEQ spent on the

av erage only 0,43 perc ent of their GNP on RED compared to 2,24
percent for the developed couniries. Sven here the aserages hide
great variations among different regiors an d countries. For Africa
it is lowest at C.3% percent,highest for Asia 1.18,Latin America
sperding only .52 percent of her GNP on RFDﬁj

From the 2tove ,it is obvious that developing countries are lagging
far tehird tte developed countries as far as their cermittment of
bu~an and firazncial resources for RED is concerned,

Low ltevel of Scientific Regzarch

Insufficient importe-ce 1o science is reflected in the low level of
scientific research in developing countries in gereral

oo I N et a ,According to an estimate
based on the analysis of publications emanating from the !laborato-
ries ard unisersities in developing countries listed in CURRENT
CONTENTE and in WHOQ IS PURLISHENG N SCIENCE.About ten thousand
research papers were published by scientists, o m_developing,
courtries working within the desvelaping 2?55|F%Eé?75q fﬁégg§52
~ere from Africa region '§11 from American region and 4053 frem
the Asian region India alone contributed 3080.)

According to WISPIS the corresponding numbers are larger, as

it dncludeslarger number of journals | however, 18220 scientific
publicatiors origirated from developing couniries in 1977.The
regiorat contritutions from Asian,African and Latin American
were 13,977 (Indian contribution alone was &R02),220, and
JEI2 respectively.¥ith the exception of India,Brazil,Argentina,
Yewico Fgyet ard Nigeria most other countries in the developirg
world praduced scientific publications whose numbher
cemaied in teo igures, Only tuwenty developing countries produced
fifty or mure 7 search publications.Cn the average there were,
only 3.8 pubtication per million of population per year from

tte developing countries,
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Scientific [2urnals from Jevelopineg couniries devoted to

pubtishing research pajzrs are few and only about one hundred ard

fifty are of rezscrable cuality with recular periadicity and
wide circu'ation.There is 2 heavy bias in favour of life sciences
zs almost two cut of every three pepers are in fife sciences|

Employment of R Scientists and Engircers

In the developed courtiries mest of the RID scientists and engin-
eers are employed bty unirversities,latoratories or by industries.
In U.E.A Tor example, of the AAC, 700 scientists and engineers
encaged in RED,im 10&1,470,200 or 71,2 percent of the total

were emploved in the productive sector,2700C (147 of the total?l,
were employed in higher educatiop and ahout the same percentage
of the total in cereral seryiccsoase Tor the U.%,8,R has been
analysed by Witting ard Feshtach in the U.S5. Journal SCIENCE,
they corcluded that 51,85 percent of all scientifiec workers
were emnlaoved by the industiries and the rest are engaged in the
furdamental and RED reioted work in the universities and Academies™]
in comparison,k%ﬁ derelopirg cecuntries tend to employ the
orverwhelming rurters of their scientists and engineers in non-
product ive secturs,empleying gost in hickar education or gensral
service sectars,fop exarple i;:ﬁ%;a;xof 2 500 scientists and

~

zpgincers working in the RED-

sector,only 1,700 were ensploved in
the prodicdive mector while 5,200 and 2,500 that is,17.97,54.77
and 27.5% wire crnceazpd in higher education and the geraral service
zectors rn:pucti\ely@fn CCLCME A, of the total 2,404 scientists

ard engineers ,in 1578, onby 50 (1.57) were emploved in the
groductive sector while the rest were in higher education and
ceraral service sectors.in Su%sn of the 3,8CA only 0A7 (25.47°)
were innthe productive sectorin genzral,this situation is
choracteristic of almest all of the developing countries.vhile
the developed countries eaploy over half of their R&D scientists
and ergincers for Jevelopino new products,the developing countries

tend to deploy rost of their ~vagre RED manpower in nop-productive
Seclor.

Utilization of Potential SAE in RED ard their svpport

The devaloping countries donot make adequate use of their avai-
able scientific manpcwer for RED purpose.in India,of the potentisl
1,115,000 scizntists and angirecers in 19078, only 56,527 or §
percent mcre cmplased in REDL. This percentage as high as 23.4

for Cerran Pemcratic Fepublic,20.9 7 for the U.S,A,,11.2 < for
U.8.8.R.,0.7 7 for Ausiralia,Among tha dpyeloping Countries,the
percentage w3s two for irgentira and 1.7ﬁior South ¥ores,In
geraral the developing countries are able to deploy only a very
small percentage of their apctential seientific marmpower for RED
purpeses, |

f.en wher the developing countries are shZle to <eploy part of
their scientific marpouer for RED purpese,they are urable to
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tsck them up with sufficent resources,In general the developed
countries spent in 1980 §8,1690 Us¥ on each R&D scientist
corpared to 11,2€4 US% which was spent by the developing countries
on each one of their RED scienti5£55ut it hides great variations;
India,in 1C7% spent onlfy U85 6,813 per RED scientist,while
Pakistan spent or!y slightly more than éﬁur thousand US & on each
of her RED scientist, in fhe same year,

|f one analyses the trends in the R personnel development and
expenditure on RED in various countries, another unsatisfactory
feature of the developing countries ewmerges.ln figure § ,these
trends are displayed, As a can be seen,the number of RZD scientists
and engineers is increasing very rapidly in the developed countries,
white in the developing countries the increase is very slow.The
expenditure or RED in developed countries is however rising very
very rapidly.is compar son,in the developing countries the rise
from a already svery small base is very slow.

All the facts given ahove go on to demonstrate that although

most people in developing countries come in contact with science
through its spplications in products |like radio,television, tele-
p?ones,te|e»graph,electric}fy,rai!ways,cars and other transport
vehicles,azroplares, medicines,chemical fertilizers and pesticides,
tractors and fubte-wells and thousand others,science and scientific
recearch are either totally alien or at the most marginal te
indicerous cultures.Scientists are either not organised or at

the most loosely organised in professioral bodies,There is either
no scientific research output or if there is any ,it is of insuffic-
ient ocusntity and cuality.

From the discussion asbowe,the following peculiarities of contem-
porary science in developing countries amerge:

1.Ceveloping do not in general pessess self-sustaining,viable

and welil organised communities of scientists and engineers.

2., Sven when scientists are available ,far fewar of them are
deployed for RK&D purpose.

3. Even those who are employed for R&D purpose,tihe greater majority
iscﬁéaalEzhemployed in non-productive sectors.Tese employed are :not
@Saouate resources,

4. "eveloping countries in general and African countries in
particular are investing far too little of their hurman and firan-
cial resources to ercate,maintain and develop their scientific
capabilities,
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5. Meny of the Jeveloping ccuntries {ninty! stand ir an obijective

atdoopt stould be -ade 1o Lnde
i

s r
a ropulation ba .meintain ard Jde and scientific rarner the possible cavses Tor thea vrderdave lop-
ert.x iakle se technological svelem, ert of science in the developire courntpios, N
A, I oall of ke deselopive courtries <civrce is crecticed in {g
an zrirertert which is pre-. irantly pre=scientif{ic 4nd In e Torthoonire study we will alterpt 1o e Just that,
pre-ndustrial . . '
7. In mort devzlopirag countries expenditure or science seem to
take the cherascter of corsurption ratter than investnand zs
is the ¢ase in developed countries, (2
fteps To Sverceme the Underdevelsprent of Sci
Arurber of sicps can be succested to overcome the vnderdevelopment This srticle is hased cn a talk ,the suihar cave at the "Thysics
of scierce in the Jevelcopirg countries so that science can tche znd Fevelopment” semirer serics at the Interrstional Centre Tor
its rightful rele os orne of the most important zgents of inro-ation Theoretical Physics,Trieste, 1tely in fuvonst 108, The author tharks
and develeprent. These are: Cr.H.Catafi for the invitation Tor the otalk.The auttor would like to
1, Cuwernments in devcloping countries should te perscaded to thank Frof A, falam Firector, ICTP fur the hospitality at the
acdupt secial and culturel pelicies ,which promote, ot jective, Centre,Helpful discussion with M.Torak, Nasir Nafari and &, 8arde
ratioral and scientific thinking, is also gratefully scirewledeed,

2, Scierc policy should te rade an inteoral part of the gereral
ecaromic development plarning,

Z. Petailed studies should te undertaken by each developing
country to s=sess the strergths and weshnezves of her scionti-
fic snd techralogical vapabititics in all of its multifarcted

saspects, Coumitment then sheuld 'e wrderdslen Tor adecuate
huran end firarcial ras-urces to remedy zny shortcomiras srd
to exploit fully the existing scientific potential,

4. Extensive schemes should be undertaken for the ropultarization
ard cultivation of science throuch all available media,

5. Atl efforts on bilateral,multtilatera! and intzrrat,cral tavols
should ke wade in order to overcome *he underdevelopment of
scierce in the developing courtries in genera! and in the
African region in particular,

. Expenditure or scierce should he greatly incrossed in all
of the derelaping coundiries in gereral and in
in particular,

African countries

7. Full stilization of existirg scientific narpewer zhould bte
sttempted,

E. Fesearch activities in upiversities should ‘e greatly exparded
and Lacked with adecuate rescurces,human as well as firagncial.

Q. In view of the small population and rescurce bsse of a,ar
ninty desvelopine countries, regional centres Far scicnce
should be estaklished either throuch the UN agencizs

or through otter bodies, Scientifically more advarced develup~
irg courtrice like Irdia,Brazil ard trgentina could he seats
for such centres, Interrstional Centre for Theoretical Physice
inltaly and Latin American Centre in Cracas are al'ready well
established exzmples ,which should “e multiplied mani-fold

and in alt Sranches of scierce,
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Introduction
2z rgguction

The desire to escape into the myth of a golden age is one of
the reasons of the prevalent anti-science attitude, There was
never a golden age. It is easy to forget that the problem of
keeping everyone fed, clothed, and in reasonable health cannot
be solved without sclence.

People of widely different political convictions have a bilased
view about scienca, By distinguishing between the physical world
and the spiritual world, we have, Roestler Suggests, brought
about a unigue increase in our physical power and a decline in
our moral or spiritual awareness. Brecht is concerned with the
subjugation of scientific research to the political dictates,
Advancement of science and technology did not have only negative
effect, Shooting missiles across the continents is not the only
outcome of the technical development. Sirce the scientific com-
muaity is a part of the society, there is no reason why it should
be more vulngrable to political pressure than any other group

of a democratic society. .
Science is goling to stay with us. We must learn to wtilize its
benefits. an environment with a free¢ flow of information is
most suitable for coming to terms with science and technology.
In a society where the 1nteresteq persons and groups can get the
information they want, an 1ndu§trial palicy could be developed,
which would select useful immovation from those which merely
contribute to more profit, more working hours, and more con-
sumption and power for an elite.

Many problems we face are not scientific and will have ne
scientific solution. But scientists can contribute to the solu-
tien of these problems. Modern technology can increase the
linkage of a great number of people to the information system.
This will reduce the chances of manipulation and exploitation
of the less privileged by an elite.

- 18-

The paper is organized as follows: in section 1 the most im-
portant resource, energy, is discussed. In section 2, the
connectlion between useful energy and information is established.
All energetic processes in the biosphere are driven by solar energy
The origin of sunlight is the nuclear reactor at the core of

the sun. The origin of nuclear fuel is discussed in section 3.
Solar energy made life possible and in the course of evoluticn
organized societies evolved - this aspect is touched upon in
section 4. In modern socleties technical development is connected
with more speed. Thig requires more energy. The consumption, in
terms of exergy, of the rich has been increasing rapidly. This

is the topic of section 5. In section 6 it is claimed that in

many cases technological unemployment results from not implementing
new technoclogies., The relationship between technology, development
and environment is discussed in section 7. Some general policies

on research and resource management are discussed in the last
section,
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© _ Energy

Energy 1s omnipresent. There is very little matter in the
intergalactic space but radiant energy 1s everywhere in the
Universe. In 1965 this microwave radiation was detected.

If energy is everywhere in the Universe, why do we talk about
"energy crisis"? Clearly if a resource is not scarce, there
cannot be any crisis relating to it. Let us take another
example. The amount of anergy received by the earth from the
sun is 175,000 TW (1 TW = 1000 Gigwatt = 1 milllon Megawatt}.
Total energy now used for all human activities is less than
10 TW.

After ten years of discussion on "energy crisis" many peopile
know that the crisis is about useful energy (which we call
exergy} - the energy that can be used to do work. What work?
Transportation, production of consumer geods, space heating,
construction etc. Solar inscolation can be utilized to generate
electricity and perform work.

There is abundant solar energy. What is scarce 1s technoloéy.
Technology is not only machines. Technology is alsc knowledge

tec run these machines, toc organize the distribution of consumer
goods and services, Energy and for that matter no resource is
scarce. It is knowledge that is scarce. It is also the lnappropriat
applicaticn of technolegy which creates.an artificial scarcity

of resources. The presence of poverty in the midst of plenty ls

a clear manifestaticn of our intellectual failure.

Table 7 here

The goal of technical progress had been to eliminate suffering,
unnecessary death, inegquality of income and wealth. This geoal

has been reached to some extent in the industrialized countries.
Looking at table 1 you will see that energy use is directly
correlated to all indicators of well-being. Energy 1s needed

to build schools, to run hospitals, to control lndoor temperature,
to feed people, to operate particle accelarators. Overall

energy use will not decrease with technical progess. Processes
become energy efficient only if the price in monetary units

of energy increases. But new products and new people come 1in

the market and more is produced or supplied.

Energy is important and it 1s not scarce. Life would not evolve
if the most important prerequisite for it would be scarce.

The earth intercepts only aregligible portion of total energy
emitted by the sun. Yet this is already 2200 times more than
what would be necessary to supply 8 billion people with 10 KW
of energy per capita.

In the physical resource theory group of GHdteboryg we developed

a model in which we tock energy to be plenty. In ‘economic terms

we can set its price to be zerc. We set an uppér limit to the
amount of available energy. This upper limit might exist for a
human society. It may exist due to regulation for the preservation
of certain species of landscapes. A soclety might value things
which do not lead tc more consumption, more airfieids, fast motor-
cars, a 1lfe free of risks of all kinds.

But one thing is certain. Below a certain’level of per capita
energy use certain elementary services cannot be provided -

basic hyglene, sanitation, reasonable housing, food and clething.
Energy 1s the most important input to achieve these goals. It

is of course not the only one, Cur willingness toc provide
everyone with at least the above mentioned amenities 1is important.

If this will exists the next thing is the proper organization

of an economy and a society. This indicates that these problems
are outstde the realms of science. But science and technology
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mzxes achieving thzse goals easler. Scisnce and technclogy

is knowledge. The other inputs ars enexgy and materiasl. From
these everything else can be produced, If energy and knowledge
are =0 important, the question arises whother they are also
interrclated. The answer is: Yes, they are.

To urderstand this we have to know the nature of energy and
knowledge from a fundamental point of view. Knowledge can be
described as organized information. That technology (organized
information} can be used to improve energy efficiency is an
example of this interrelatedness.

Another entity connected with energy and information is time.
This is a consegquence of the laws of thermodynamics. The faster
2 process works the more exergy is dissipated. Maximum effi-
ciency is possible only in reversible thermodynamic processes.
But reversible processes are infinitely slow. Human beings

with a.finite span of life must work with finite speed, Modern
societies substitute.exergy for time. '

- 83-

2. Exergy and information

Three fundamental resources - energy, material and information

- are necessary for the creation, organization and preservation
of ordered structures. A human society is an ordered structure

which functions by using information and by transforming and

exchanging resources, goods and services.

The first law of thermodynamics says that energy is conserved.
It does not imply that all structures, once realized, will last
forever. The maintenance of a structure requires the dissipation
of energy and material - the degradation of high quality energy
and material into low guality energy and material.

THe second law of thermodynamics states that the quality of
energy is not conserved. Quality of enargy is determined by

the amount of mechanical work that can be extracted from a glven
amount of energy. The useful energy or the energy available to

do work is called exergy [ﬁ]. Exergy is energy in ordered form.

The exergy of a system is zero when its energy is maximally
distributed, i.e. when disorder has reached its maximum and the
system is said to be in thermodynamic equilibrium. Dissipation

of energy and material is best described as consumption of exergy.
It is a consequence of the second law of thermodynamics that
exergy must be consumed in all processes that are to proceed at

a nofi-zero speed,

The change in entropy in a system can be written as[:Zj :

ds = - (dE + dw)/T0 (1)
where E 1s the exergy given by

E = S{T-Tg) - v(P-Py) +&N, (u -u, )

W is the amount of mechanical work that can be extracted from
the system. T, P and uy are the intensive parameters of the
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system = temperature, pressure and chemical potential. The
subscripted symbols correspond to their values in equilibrium
Vv, § and N, are the extensive parameters - volume, entrcpy and
numbers of different molecules.

Eg. (2) shows that the exergy vanishes at equilibrium, i.e.
when T = TG' P = P0 and Hy = Myg- During the process through
which equilibrium is attained, the exergy consumed is E.

If the total entropy increase i3 § and the work extracted is W,
then the integrated form <f (1) 1is )

5 = (E—W)/T0

{3)

or W=E-~- TOS

Only for reversible processes is & = 0, otherwise it is positive
so that W < E, i.e. exergy is the maximum amount of work that
can be extracted from the system.

If we assume that the system evolves towards equilibrium without
doing any work the entropy of the system changes from S to S
and the integration of (1) will give

eq

Seq - 85 = E/T0 (4)
The left hand side of the above eguation is negentropy. Exergy
is thus temperature times negentropy.

Negentropy 1s information capacity [}]. A structured system
has more information in it than a disordered system. Exergy
and negentropy are related in that exergy can be used to create
ordered structures and new information[?]. Let us consider solar

radiation reaching the earth. It contains very little information.

Since sunlight is hotter than the earth's surface, its exergy
content is high [cf. eqg. (2)). This exergy makes the creation,
preservation, crganization and orderliness of varicus terrestrial
dissipative structures possible.
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3. Creation of Nuclear Exergy

According to the standard theory, the early Universe, due to
high density was in thermal equilibrium within one hundredth
of a second after the Big Bang. Thus the Unilverse had already
reached the state of heat death, its exergy was zero: But when
we look at the sky we see examples of extremely ordered systems

consuming high amount of exergy - the stars.

How could order be restored in a totally unordered Universe?
Expansion helped the Universe to come out of the stalemate.

Due to the expansion, the conditions for local equilibrium
changed with changing temperature and pressure. The universe
expanded so fast that the mechanisms for sustaining equilibrium
could not keep pace with the expansion. Thus order and disorder
can grow simultanecusly in the expanding universe. This does

not violate the second law of thermodynamics. In an expanding
Universe the entropy Qrincreases but its maximum attainable
ehtropy 5. may increase faster due to the expansion which-

max
increases disequilibrium.

The source of starlight is the nuclear reactor at the core of
the star where mainly hydrogen 1s burnt into helium. Why is the
Universe composed mainly of hydrogen? Te¢ understand the over-
whelming abundance of hydrogen .in the Universe we have to go
back to the instant 0.01 seconds after the Big Bang.

Temperature of the Universe at 0.01 seconds after the Big Bang

11

was 10 K: At thils temperature the electron and its anti-~

particle positron,and neutrine and antineutrino can keep protons

and neutrons in equilibrium. This means that we cannot distinguish

between protons and neutrons, Since exergy is contrast, we have
no nuclear exergy. Reactions of the following types occur at
this temperature.

Antineutrino + protong—————*positron + neutron
Electron + proton &———=——y% neutrinc + neutron

-86-



In thermodynamic egquilibrium the relative abundance of two

types of particles 1s determined by their mass and is given

by the Boltzmann's statistical theorem: .

(#namtvons fmpretons) = exy [(mp=mmy e3/kT ]

The heavier neutron is thus less bountiful to start with. At a
$lightly lower temperature, it is easier for the heavier

neutron to turn into proton, so that the reactions going from
right to left are more favourable &nd thus the neutron proton
_ratio drecreases further. About 14s after the Big Bang the
temperature has dropped so far that the radiation has no more
energy to produce electron positron pairs. The conversion of
protons inte neutrons requires the presence of electron positron
pairs. So neutrons and protons at this point can be distinguished
and the nuclear exergy comes intc existence.

It started with 24% neutrons and 76 % protons. At this point the
nuclear exergy is tied to the neutrons which can decay into
proton, electron and antineutrino, thereby releasing 1.294 MeV
per neutron. As time goes on the Unlverse becomes cool enough
for wvarious stable nuclei to fdrm. If the Universe had been
expanding siowly, it would have happened. But the Universe ex-
panded extremely rapidly. In this condition nuclei can only

be formed in a series of two particle reactions. And here was
the lucky coincidence which prevented the consumption of all
nuclear exergy. The deuteriwm nucleus - half way toward helium -
1s extremely locseley bound. They were torn apart by the ener-
getic radiatiom as ‘scor -as ‘they were formed, so that the heavier
nuclel do not have a chance to form. Nuclear exergy has been
trapped in the form of protons. Only about one fourth of the
baryonic matter has been synthesized into helium.

The era under consideration is characterized by high temperature
but the density of matter is somewhat less than that of air.
We consider the nucleon gas as a non-relativistic Maxwell-

Boltzmann gas. The exergy per nucleon is given by

kT P
E=2 g o (=)

where i lables states and P, is the actual probability distri-

butiorn for one nuclecn, and Pi'O) is the prokability &istribution

-R2-

for one nucleoﬁ at thermodynamic eguilibrium.

In a simplified model [%:]we consider that.a nucleon may either
be a free proton or a free neutron or it may be bound in 4He or
SGFe. 4He was formed abundantly during the cosmic nucleosynthesis
and SGFe is a natural candidate by virtue of its being the most
tightly bound atomic nucleus. At low temperatures the statistical
factors depend sensitively on the energy levels. This leads to

an all-or-none situation. Below 2x109K, 55Fe totally fixes the

‘normalization of the Pi(O). The inclusion of other nuclei

would not change the result appreciably.

The equilibrium distribution of the nucleons over the four
nuclear states under consideration is

7.7 = xp %c'f)% 4 Aifz“f’ [— e (me) - LL)/kTJ m

where g, is the spin multiplicity of the state i, Ay
number and bi is the average binding energy per nucleon {relative

its mass

toc a free proton). Table 2 gives Ai’ 9y and b The ratio of

.-
photon to nucleon, r, in the Universe is taken %o be 109, the

nucleon mass m and the constant is given by
™ = O 24 4+ O-FEmMmp = 33G. ¢ HcV/c.l (7
= Naw o | a.151 (8}
§50)

The chemical potential u(T) in eq. (6) 1s fixed by the overall
normalization condition

2 P:.m =1

The actual probability distribution and other characterigtics

of the four nuclear states are given in Table 2.

For simplicity we assume that all helium was synthesized at
T =T, = 109K and ‘{[TQ) = 13-5. YIT) has to be calculated

numerically. Egs. (5) and (6) and the data in Table 2 gtves
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the exergy per nucleon before and after the helium synthesis
ag
13/
me
E(T) = p ()t I Y (1)~ kT 2 """Y(c_rﬁ) S?
YT (-ve)

™7 TL

-‘(-r)-: )A(T)—lmi’a—k-r—'c“

The creation of nuclear exergy is plotted in fig. 1.
Fig. 1 here

" After about 700,000 years the Universe was cool enough for the
atoms to be formed, i.e. electrons could settle down on the’
atomic nuclei. If the Hydrcgen atoms were uniformly distributed
the nuclear exergy would not be available to do work. In the
cosmic order gravity plays the most important role. Gravitational
force 1s experienced by all particles of the Universe. In time
gravity clumped matter into protostars and protogalaxies. The
stars burn protons into heavier elements and release energy
and this makes life possible. )

Gravity is also in itself a source of exergy. After hydrogen
and helium has been burnt in a star, further gravitational
contraction with its consequent heating takes place and heavier
nuclei are formed in the stars until the end product is iron.

If the star has a small mass it would end up as a white dwarf.
If the star is heavy, the gravitational attraction would be so
high that the protons will capture electrons to become neutrons.
Encrmous temperature and pressure develop, allowing all sorts of
‘nuclear reactions that cannot otherwise occur and heavier nuclei
are formed. Pulsars are the rest of such neutron stars which

became supernovae and blew out matter in the interstellar space.

Many proton rich nuclei can be produced only through (p.Y)
Yeacticns, since the coulomb bkarrier in such a reactlon is very

high they can take place only in a highly energetic situation,
as in a supernova explosion. The fact that our scolar system
contains heavy elements indicates that it 1s made of material
which was blown out of stars, and there is evidence that it has
gone through this star-interstellar dust-star cycle more than
once.

The exergy per nucleon in a star thus is a function of its mass.

At low mass the stars ends up as white dwarf, in this case the

nuclear exergy 1s augmented by a few keV per nucleon of gravi-
tational exergy. For neutron stars the nuclear-gravitational
exergy per nucleon is of the order of 40 MeV. For systems large
enough to have a black hole as its final state the exergy per
nucleon may be around 100 MeV/nucleon.

Modern elementary particle physics suggests that the proton is
unstable. In this case matter itself represents a form of exergy
with a very long half 11fe(r1031 years}. But if the Universe is
open, even thls exergy will also be consumed in nuclear deqay and
the Universe will consist of vary thinly spread electrons and
positrons (so that they cannot annihilate each other), photons,
neutrinos and gravitons.

Exergy i3 a measure of contrast. This contrast can be internal

to the system (e.g, proton decay) or against an external environ-
ment (e.g. the formation of the iron nuclei). Iron is the most
tightly bound nucleus. Energy-isTﬁhus released when nuclei
heavier than iron are torn apart (fission) and lighter than iren
nuclel are fused together (fusion)}. Stellar nuclesosynthesis uses
the exergy trapped in the protons at the beginning of the Universe
and the gravitaticnal exergy of supernovae are trapped in the
actinides and in other proton-rich nuclei {e.g. the tin isotopes
wilith A<116}.



4. Energerce of Orzanized Sucietd

I%

The ex: t-st was trapped in the protons a few winutes after
the Bi- ; powers the Sun. Our planet is a resource converting
system, e water cvcle and other cycles of the earth use the

s5un as boiler and the space as a cooler to extract work.

Without the sclar radiation, the earth would have cogled down
with a continuous flow of heat from the interior of the planet
into the outer space. Neither the solar radiation, nor the earth's
surface, if considered in isolation,has much negentropy. It Ls
the contrast between the two interacting systems that makes the
cembined system rich in exergy or negentropy. Life would not
ema2rge on the earth without the influx of sslar radiation. In-
formation in the genetic material of the primeval life grew into
a rich and complex biosphere in the course of evolution. Out of
the exergy or information capacity of the solar radiation, new
information is generateé and existing information and structures
are maintained.

From equation (2) it is obvious that a resource is characterized
by its deviation from equilibrium. It is a law of nature that
systems tend towards thermodynamic equilibrium. $pontaneous
processes drawing a resource into equilibrium with its environment
destroy that resource. For this reason all resources are to scme
extent scarce. Exergy and negentropv beth measure the deviation
of a resource from egudllibrium. Either of them can be used as

an overall resource measure. It is relevant to restrict negen-
tropy to the physical level and use the term 'information' for
knowledge. Exergy can be used to measure both useful enerqgy

and material which is not in eguilibrium with its environment{}].

More than ten thousand years ago humanity invented agriculture
and started to abandon gathering/hunting as the main activities

to bring rescurces in the society. With agriculture human
societies moved away from a close balance with their natural
environment into a situation where a considerable input of labour,

organization and rescurces were necessary to keep their land

=3i-

away from such a balance. With time these inputs have increased
in organized societies. One of the results of this development

is inequality in the control and use of resources. Two hundred

and fifty vears agc Richard Cantilion cbserved that[}]:

"If the proprietors of Land, who live in the Country go
to reside in the Cities far away from their Land, Horses
must be fed for the transport into the City both of their
food and that of all the Domestic Servants, Mechanics and
others, whom the.r residence in the City attracts thither.

The carriage of Wine from Burgundy to Paris often costs more
than the Wine itself costs in Burgundy; and consequently

the Land employed for the upkeep of the cart horses and
those who look after them is more considerable than the

land which produces the Wine and supports those who have
taken part in its production. The more Horses there are in

a State the less food will remain for the People.™

But unequal distribution and consumption started long ago. About
three thousand years ago an empire was organized as shown in an
adapted version of Herrman's [8] representation of an oriental
gociety.

Fig 2 here

Fig. 2 shows that power increases in the vertical direction and
that it is directly correlated with the use of information by
different groups. Information is the rescurce par excellence.
From the earliest pericd the individuals and groups fellowed
strategies which would bring them nearer to the centre of infor-
mation generation and transmission. Possession of information
and the ability to manipulate it is power. Priests were almost
always more powerful than mere kings. Where the offices of the
highest executive and the chief priest were united (the divine
king) the power reached its maximum.

- 52--



5. Technological Develcpment: Kiew

Exergy can be used to generate new information and information
can be used to lower the exergy reguired to perform certain
tasks. Technircal development means that increasad output can

be obtained from a2 fixed amount of labour and resources, or
alternatively that the same level of outpuet requires less labour
and resources. When technical development is embodied in new
machines, it is called embodi€d technical progress. Disembodied
‘technical progress is the increase in efficiency because of
organizational and institutional changes.

In short, technical development increases efficiency thereby
giving people more voluntary leisure. The upper class in a

soclety wishes to remain near the centre of information generation,.
The power of the upper class liesz in the fact that they can
manipulate information. They also ensure that the world is inter-
preted as they wish. To retain this capacity in the face of a

mass of new information they need to control their use of time.

If they are tied to high frequency (repetitive) jobs like house-
hold chores or factory work they lose their manipulative power,
The upper class for this reason always have occupations which
Douglas and Isherwood [P] call low frequency activities. This
makes 1t possible ~for them to be available at short notice

for encounter with other powerful persons and groups. Accordingly
a large part of their consumption is information based consunmption.
This class could as well-be called the information class. A person
in this class preferentially possesses and consumes commodities
and uses services which will increase his ability to interact

with the information system as a whole.

The concept of "availability for encounter with perscns and
groups of influence" can be illustrated by the following example.
When Bismarck was playing a very important role in Europe, he
spent a considerable amount of time feasting and hunting with
his peers. His power base was the German aristocracy; he had

to be personally availakle to them. A German Chancellor nowadays
can hardly indulge in such activities. He has to be available to
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the parliament, his party, trade unionists, other peliticians,

the media, industrial magnates, in Brussels and so forth. The
German Chancellor uses an airforce jet to cover distances of

the order of a few hundred kilometers. Tc retain his office he must
be available to as many people, groups and places of influence as
possible. His consumption in terms of exergy is a few hundred

times more than the more powerful Prince Otto von Bismarck.

Technological development thus increases the personal availability

‘and enhances the consumption of the information class. This con-

cept can be modelled with the following qualitative relationship

Availability = A [1 - exp {- Q-I—;:—GEJE (111

Where A, o and B are constants, E 1s exergy and I and T denote
the information component and the technological component of
consumption. When the use of information and the level of tech-
nology is very low, availability is independent of the input’
of exergy, since in this limit eq: (11) reduces to

Availability = A (aI+8T)

When, on the other hand, the level of technology and the use of
information is very high per unit of used exergy, eg. {(11) becomes

Avallability = AE

i.e. availability in this case is directly proportional te the
input of exergy.

Fig. 3 here

This is simply a qualitative way of showing that as technology
develops avatlablility increases. With the help of new technology
more information can be processed which in turn increases the
availability yet more. This is illustrated by a modified version
of Spreng's [10 | triad. Fig. 3 shows the well-known fact that
people performing non-repititive tasks use more exergy and more
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information. Speed is important €or tham, sc they substitute
exergy and information for time.

Technological development has resulted in more consumption for
every one in the industrialized countries. But the consumption
of the information class has increased disproportionately.
Technological development makes it possible for them to be
available at different places at ever increasing speed. Their
consumption 1s main.:: composed of university education, visits
to concerts, dining with persons of influence, attending con-
ferences, lecturing abroad, telephone calls, telex, computers,
books and journals, People of the informatien class must let
the less important persons know that they are busy and unavailable.
This apparent unavallability is {in fact their very high availa~
bility in their technologically expanded social interaction.

Technical development definitely increases the voluntary leisure
of all classes in a society but the middle and lower classes do
not preferantially dewand or consume those technical gadgets
which woull ‘nerease thelr capacity to acquire more information

or interpre: information independently of the manipulators.

Douglas and Isherwcod classify consumption iz three categories
1} consumption of steples

2) technology based consumpticn

3} information based ~consumption

& commedity is called suaple 39 it 28 needed for high frequency
tasks, e€.q. househnld asplianc:s, potor car “or = travelling
salesran. Technology based consumptisn bundle is compesed of
Jcods that have been newly introduce’ ip the market . Peoplo

with higher inceome bu: not kelonging to the information class

tend to buy ever new techn-cul gadget thae ic introduced onto
thz market - e.g. aoioar Lotesifion, vidos., The informatior class
do not buy tlese goods imrodistelv. 17 such goods neither in-

Ti TmAevsLni

market, was a luxury item in the conventicnal sense, but now
almest every hcusehold in the industrialized countries owns a
television set. This is also the case with the refrigerator and
vacuum cleaner. The acquisition of such goods 1s sometimes
illustrated by the “"spread of infection" model.

In this simple model, all households which are "susceptibles"
end up buying the commodity. The interesting thing is that the
"rate of infection" varies considerably for different goods in
the same price category. The rate of spread of many new commo-
dities and services in the same price category among different
soclal classes cannot be explained by the budget-constraint
alone.

Fig. 4 here
The technical gadgets needed for high frequency activity -

refrigerator, vacuum cleaner - have been acquired by all house-
holds. Altheugh the telephone was introduced more than a hundred

- years age, still it has not infected everyone (fig. 4). Same

people argue that technical limitatiens prevented the service
from spreading faster. This can hardly he true. If a service or
a commedity is demanded ther the producers see to 1t that it is
made available, apart from reducing prices by economies of scale,

credit facilities are used to bring the commodity to the consumer.

People it the lower class did not need the telephone. Firstly
because none of their friends and relatives had a telepheone,
seccndly because they do not have conirs over their time. They

perform high frequency tasks. They caan.t choose o be available

in o cecrzain glac: at 3 zzrtain time. 3.t the people performing
iow frecuency tasks need to cancel thei: appointments, make new
agoloimarts, be availakle at shert st -e in faraway places.

Lholn lawysrs

the:r agents,

countries. They

T TR M P L A [t HER] I



newspapers, radio etec.

Services and commodities supplied are oriented towards the needs
of the information class. Before the advent of the efficient

high speed electronic communication era, mail was delivered three
times a day. At that time the Cambridge dons and the business
community used the postal service as the main channel of communi-
cation. One could get a reply toa letter sent to London from
Cambridge on the same day. Now they have other channels of
communication sc that the letters are delivered only once a day.
In Sweden letters are not delivered at the week-ends, registered
letters have to be collected from the post office and the tele-
grams are slower than express letters. If the upper class does not
demand or consume a service, the service deteriorates.
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6. Informational Aspect of Economic Disequlibrium

Information is neutral but its use is not. Non-use of information
is also not neutral., Gerhard Mensch []?] + in a book of remarkable
scholarship, shows that the long waves of development observed

in the capitalist economies result from the non-use of information.

Lapitalism, according to SchumpeterEISJ ;, cannot be a stationary

affair. From its very nature, capitalism is evolutionary. The
main forces keeping capitalism in motion are the introduction

of new consumer goods and the mass producticn of already exiating
goods. This requires innovation or advancement in technology

- both embodied and disembodied.

Mensch classifies innovation in three categories:
1) Basic Innovation .
2) Improvement Innovation
3) Product Differentiation

Basic innovation is the last stage of a series of events -
starting from a sclentific invention - at which a new technique
is used in the producticn process or a new product is introduced
to the market. Basic innovaticns open up new fields of activity
and create new jobs for a number of people. Non-technical basic
innovation generates new cultural activity, new types of public
administration and novel social services.

Improvement inmovation in one industrial sector introduces pro-
ducts to the market which are better in gquality and reliability,
inflict lesa damage to the environment and require less raw
material and human labour for their production. It remains a
seller's market because consumers want to buy gqualitatively
better products. But then comes a stage when a product cannot be
improved, at least not at a price acceptable to the normal con-
sumer. This is a consequence of large scale production processes,
which are difficult to modify. The elasticity of substitution
being very low [34J. they have to operate with cobsolete technology
or continue to produce goods for which the demand has declined.



At this stage the producers induge in an activity classified

by Mensch as product differsntiation. Something i
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better, cviven a shiny colour. But this does not help. The
seller's . arket has become a buver's market. The market is

saturated.

It is for this reason that from the industrial revolution onwards,
the capitalist economies developed through cycles of prosperity,
recession, depression, and recovery. Kondratiev [15 | first ob-
served these cyeles. These uvycles have a duration‘of approximately
fifty years. They are given in Table 3.

Table 3 hers

I have naned the cycles according to the main scurce of impulse
of that cycle. The fourth cycle is the Contrel-Kondratiev since
in tizis cycle we produce better moter vehicles, better aircrafts,
computers and spacecrafts by learning to control rather complex
systems. The fifth Kondratiev will definitely be a cycle of
versatile automatic systems and bictechnology - a révelutien in
understanding the modes of information transfer and information
Erocessing in living and nen-iiving systems.

Modificaticns in the patent systam could make depressions less
acute. The patent system was introdurced by the Doges of Venice
in 1474. During the Renaissance when the manufacturs was handi-
craft, the inventor and the inncvatcr was the same person. Nowa-
days innovation is a highly organized activity comprising
governmental, industrial and academic research and develcpment.
Mensch shows that the number of inventions rer unit time chonges
smoothly whereas the basic innovations come in bunches, The large

scale production processes lead to high inerti

firms, which

do net change their mode of production unless they are forced to
do so. To avoid improvemsnt innovation, they nct only deo not use
their own parents, they also buy otlzr patents to przvent them
being used. Nor-use of information resvlts in hicher cost and
lower yuality of consumer goods. The producticn sector delays the
implementaticn of new technology till the ¢risis has Lecome so
C€ritical that anything that generates more profit or more
employment is introduced irrespective of its long-term effect.
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7. Tecihnclogy and Environment

Industrialized societies are now faced with the preblem of
structural unemployment. There is huge unemployment and mal-
nutrition in the poor countries. From these many people draw

the conclusion that the world is overpopulated. Only about twenty-
five years ago industrialized countries invited workers from the

poor countries to join their labour force to produce surplus.

The concept of 'carrying capacity' cannot be applied to the
Homo Sapiens. Technolgical Man has unlimited capability to
increase human welfare,

Overpopulation is not a cause of poverty. Rich countries have
social security systems. Rich people can also save for old age.
This makes them less dependent on their children. If the children
transfer mor incom2 te their parents than they received, people
will have more children. This is a rational economic decision.
Robert Mclamara, in a lecture at MIT, cited a forty country
survey which showed that an increase of 3 %0 per capita income
for the poorest 60 percent led a fertility decline more than

twice as rapid as a § 10 increase in the national average income,

Neomalthusian conservationists are worried about cverpopulation
and at the same time they are against economic growth and the
rapid industrialisation of the pooxr countries, John Kenneth
Galbraith describes the ceonservationist as a man who concerns
himself with the beauties of nature in roughly inverse proportion
to the number of pecple who can enjoy them. The size of the
population is a problem. It has always been & problem. It is

at least 12,000 vears old. Rhys Carpenter [iG:Tdescribes the
race of hunters who lived in what today is France. There were

a lot of animals ~ reindeer and bison - on which they fed., But
nothing endures forever, and the happy hunting ground faded
away with the melting ice. The new warmth turned scrub growth
into forest; swamps and marshland reolaced the open pastures.
In search of the ¢ld way of life the animals and the hunters
wandered across Russia into Siberia. Bu=z the hunters who stayed
behind had te adapt themselves to less bountiful conditions—

snarirng, trapping and fishing. Artistic skill {cave painting)
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disarpeared; craftsmanship diminished, This was the first grest
cultural recession. All this continued for a relativ:ey lonag
period becatse the pepulation was small, If there had been

more peopls . hey would have invented agriculture earlier.

The real per capita ircome in Bangladesh has remained the same
during the period 1950~77, although the population doubled
during the same period. As the population increasesd, marginal
.land was brought under cultivation and the agricultural technolegy
improved - new seeds, hybrid strains, fertilizers and an inten-
sified use of natural resources. I doubt whether per capita
national income would increase significantly if population

had net increased. Poor pecple living at a mere subsistence
level do not change their way of life on their own initiative.
But it is a commendable feat for a poor and overwhelmingly
illiterate people to have kept their per capita income constant
when thelr number increased from 40.6 million to 81 million.

Per capita income remained the same in spite of recurring floods
and droughts, in spite of the frequent cyclones and tidal bores
in the yéars 1958-70, in spite of a devastating war of indepeh—
dence, in spite of mismanagement of the economy by the politi-
cians, the military and the bureaucrats.

Nature is not always kind to human beings. In vast areas of
the developing world, water is the source not of life but of
debilitating and often fatal diseases, such as malaria and
bilharzia which alone claim an estimated 200 million each.
In Africa some 20 million persons are afflicted with "river
blindness” caused by a parasite which breeds in fast flowing
rivers. If the water stands still it breeds malaria, if it
flows it gives blindness. The only way to make life better is
to use chemicals or other scientific technigues. The risk is very
small that the whole ecosystem will be destroyed in the process
of fighting death and misery, since:
the ecosystems are not so precariocusly balanced that
the extirpation of one species must act like the
first domino.... Indeed it could not bhe, for extinction
is the common fate of all species - and they cannot
all take their ecosystems with than[i?].
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Rich countries cannot be blamed for all the miseries of the
LDCs. The challenge of the industrial reveclution was not taken
up by the LDCs. Scuth Asia was prevented by the British to
industrialize. But Thailand, China and Latin America were free,
still they did net industrialize. The economics Nobel Laurate,
Sir Arthur Lewis of Jamaica gives the example of Australia

and Argentina[}ﬂ]. These two countries began to grow rapidly
at the same time, the 1850s, and s0ld the same commodities

- cereals, wool and meat. In 1313 their incomes per capita
were among the world's top ten. The Argentines blame their
failure to industrialize on British interests but the British
had even more influence in Australia. Argentine politics was
dominated by the landed aristrocracy whereas Australia was
dominated by the urban communities.

The low price of primary products is to the advantage of the
industrialized countries - be it agricultural raw material or
minerals. Rich people in the LDCs prosper by exporting primary
products - they are a part of the international vested interest
against the industrialization of the LDCs. The LDCs have to
come out of the grips of the merchant class and encourage
entrepreneurship. Pollution of the environment due to industrial
activity is a nonproblem in most of the LDCs. On the contrary,
many people die because there is no chemical, pharmaceutical

or fertilizer industry If the MDCs really mean to help the
LDCs, they have to let the LDCs "pollute" themselves. MDUs have
to lower the trade barriers, which in any case would also in-

crease their own welfare.

We have to go forward. Problems are different for different
generations. I do not want to go back to the Athens of Pericles

and Solon, however golden it was. For there was slavery in the
golden Greece. Present desire to fall back on fuel wood technology
propagated specially by the pessimists who hark back toc the
quasi-Arcadian life of the country side, can at best be naive.
Indiscriminate use of biomass energy encompassing woodfuel,

biogas and alcohol might lead tc environmental disaster and

more suffering, If not carefully implemented it c¢ould increase

the rate at which forests are depleted, speeding up desertification,

influencing underground water level and competing with food crops.

-102-



The old fire that Prometheus stele from the Olympian gods
cannot be burnt forever, it must be replaced by something new.

Most of the technology already exist, we have to utilize them,
The Swedish participants in the NGO Forum of the UN Conference
on New and Renewable Sources of Energy pralsed the virtue of
renewable energy. I do not doubt their sincerity. Sweden is

a2 large, sparesiy populated country with huge forests and

plenty of hydroelectricity. Still they voted with a 60% majority
for the nuclear energy. LDCs find it hard to have faith in

the New Energy Gospel.

In the "1984" serles published in the New Scientist in 1964

the Physics Nobel Laureate Professor Abdus Salam of Pakistan

said;
I would like to live to regret my words but twenty years
from now, I am positive, the less-developed world will be
as hungry, as relatively underdeveloped, and as desperately
poor, as today. And this despite the fact that we know the
world hzs encugh resources - technical, scientific and
material - to eliminate poverty, disease, and early death,
for the whole human race.

It would be enough if at least the attitude in the North were
as desired by the enlightened self-interest of the Brandt
Report [}9:]. Joan Robinson [?q} correctly diagnosed the
attitude in the North:

The prosperity of others is not desirable for their
sake, but as a contribution to our comfort; when their
prosperity seems likely to threaten ours, it is not de-
sirable at all.

LDCs have different problems, probably different environment.
Why should the LDCs care ahout the doubling of the carbon
dicxide concentraticn irn the atmosphere? LDCs will probably
profit from a glcbal warming. Wigley, Jones and Kelly [??J
reports that:

The most important features of a warm, high—C02 world are
decreases in precipitation over most of the US, most of
Europe and Russia and over Japan and increase in preci-
pitation over India and the middle east. For India the
increases vary from a few percent in Bangladesh and aleng
the eastern coast to almost 100% in the north-west.

700 ppm of CO, in the atmosphere could be worse than 350 ppm.
But an atmesphere charged with the fear of dying a nuclear
death is polluted. An environment is already polluted in which
for a large number of the population death is the only liberty
from an utterly miserable life. It is not encugh to prognosticate
doom. The "inevitable large-scale global famine" predicted to
occur during 1975-80, has not materialized. Human organizations
are more robust than the neomalthusians consider them to be.
The meaningful application of science and technology and rapid
economic growth is our only hope. Technology can stretch the
frontier of the human environment to where it should be

~ at the.edge of the Universe.



8. What can be done?

the superpowers {and smaller powers) will make the Olympian (and

Modern societies need a lot of infrastructure. The power the Himalayan) gods blush, a vast amount of money and intellect
structure in any soclety with a considerable infrastructure is being spent to increase this destructive capacity. If resources
is similar to that of an ancient empire. In the modern high were diverted from the military sector, we could at least hope
technology society, the divine king with his priests and for a better and safer future.

courtiers has been replaced by the Technostructure ( a term
Resource management became a necessity for human societies when

humanity invented agriculture. Recorded history tells us that a

coined by J.K. Galbraith to denote the top people in science,

technology, military, industry, party and administration). ;
considerable part of the world population has always lacked the

basic material necessities required for a decent life. Conflicts
and suffering have arisen both from the unequal distribution of
natural resources and from the inability of some societies to

Organized labour and technology based small firms have replaced
the merchants and craftsmen. Unorganized labour and the non-
technical small economic units are the least ‘privileged.

Fig. 5 here utilize those resources they do have. In the management of
natural rescurces therefore one should strive to redress the

@.
The d.fre.enres within a suciety) na ¢ thelr counterparts on a balanc

global scale. Poor countries have less information. The problem
Innovation is the key to better management of available resources.

But most of R & D activity 1s not oriented.to the needs of the
pocr countries or to the needs of the consumers in the rich
countries. An industrial policy that could control industrial

-of freeing people from poverty is not how to feed them. Poor
countries need technology to produce their own food. It is true
that different societies have different capabilities to gain

from technological development but certain economic activities
evolution through the selection of useful innovation would be a

major achilevment.

generate more (technical and non-technical) inventiveness than
others in a given society. The way to development i3 to identify

and pursue econcmic activities which make people more inventive.
An increase in the degree to which individuals, groups and nations
. are linked t i

It is doubtful whether only technical innovation can bring about nked to the information system as a whole will be a great

advance as it will reduce the power of the manipulaters. The ca-
large scale economic recovery. We have to, among many other

things, 1lnnovate in the finance sectcor, have to innovate mecha- pacity of people to interpret information which concerns them
’ L4

X , . must increase, so that they can choose new imncvaticn or discard
nisms which would reducs intermaticnal and intranational dis- ! ¥

old mod of producti i ectiv th
parities. Unequal distribution is a major source of armed conflicts o8 B Ton irresp ¢ of whether @ capital or

L. . . the organized labour lose in the short run. The problems that
among the nations and within a nation.

concern us all cannot be solved by a small group.

We need organizational and intellectual innovation which will

) i ) L. . The fifth Kondratiev is around the corner. This time the poor
enable us to avoid major economic crisis. Enhanced research

] ) countries will have to be given a share of the growth. Marshall
activity is needed in many sectors. Let us take the example of

) : lan made it possible for many countries to grow faster than
=limatology., We still do not know how the global climatic system P = ¥ h

gf2i] ' they otherwise would.

23] .

Horar in the Iliad described the Mycenean decline an an act of

will react to inecreased industrial and agricultural activity
The Mycenaean civilization was destroyed by erratic climate

sno Clympian gods. Altheough v wrecono destyusos



Developed countries must cooperate. If they do not lower the
trade tarrier, the manufactured goods from the poor countries
cannot 'e sold. The fear of the trade unions and the politicians
that the income in the rich countries will go down if their
market is opened for poor manufacturers is ill-founded, After
the second world war the USA produced half of the Gross World
Product. Now it produces less than a quarter. But the Americans
are now richer and with them the Japanese and the Furopeans

have also become rich.

Global cooperation is necessary and the economizs must grow.

The environmantalists’ plea for zero growth is utoplan. How
could thelr demand for more public goods be met if the economies
do not grow? Growth in production in the developed countries is
necessary because many goods are badly needed in the poor
countries.

If there should be a peaceful growth of the world economy as

a whole, the poor countries wiil have to be integrated more to
the world economy. Their role cannot further be restricted as-
exporters of primary products and importers of weapons. Novel
financial instruments will have to be developed to make the
growth equitable.

The best peolicies to follow are, in my opinion:

1) To lower the trade barrier, $0 that purchasing power can
be generated in the LDCs. This will speed up the diffusion
of modern technology.

2} Bilotechnology is going to be a major component of the next
phase of development. Most of the biotechnclogy research is
done to produce expensive pharmaceuticals. More resources
must be allocated to the food and agricultural sector. Better

agriculture will help the poor ccuntries to save a considerable

amount of foreign exchange needed to import technology.
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I have not filled up the row in the fifth Kondratiev in

Table 3,anticipating that the present cycle is the last one.

I hope that we will innovate mechanisms to avoid major disegui-
libria which, of course, presupposes an equitable distribution
of wealth and opportunities. Inequality makes the system not
only inequitable but also inefficient. It is as true of intra-
national as of internaticnal distribution of income, wealth,
and opportunity.

This work was supported by the Swedish Council for Planning
and Cocrdiration of Research, the Science Research Council and
the Energy Research and Development Commission, I am thankful
to Professor Karl-Erik Eriksson for introducing me to the
theory of physical resources, to Baron Isherwood for helpful
suggestions, Amanda and Paul Lomas for linguistic corrections,

Gun Fornell for typing various versions of the paper and
Gisela Kolek for drawing the figures.
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Figure Captions

Fig.

1.

Evolution of Nuclear Exergy in the Universe,

Fig. 2. Schematic reépresentation of an ancient empire. The net

flow of exergy is shown wilth arrows.

Fig. 3. Parellel.lines connecting the vertices are isocexergy

Fig.

Fig.

4.

5.

(continucus) lines and isoinformation (broken) lines.
Spreng gives the value t=0, to the vertex "low frequency
activity". This means that tasks are performed very
quickly. On an isoexergy line, a task can be performed
faster by using more information and similarly on an iso-
information line, more use of axergy increases the speed
of performance. The triad shows that exergy, informaticn
and time are substitutes.

Spread of telephone {(PHONE}, black and white television
(TV} and colour television (COL TV) among the West German
households. Upper, middle and lower income groups are
indicated by 1, 2 and 3..Telephone was introduced in 1877,
television in 1948 and colour television in 1968, Data is
taken from ref. 11 .

Schematic representation of a modern society. Power in-
creases in the vertical direction, the net flow of exergy
18 shown with arrows. Professionals include technology
based small firms. Unorganized labour include small scale
nontechnical economic activity. Compare with fig. 2.
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PHYSICS IN MICROELECTRONICS AND MICROELECTRONS IN PHYSICS

E., Moser

Institute of Applied Physics, Federal Institulc of Technology,
Lausanne, Switrzerland

Abstract :

Modern semiconductor technoiogy and its many different facets such as micro-
electronics, optoelectronics, integrated optics, solar energy conversion, etc...
have their origin in solid state physice. However, because of their enormous
econcmic impact, their development has been so rapid and has lead to such a
high degree of complexity and sophistication, that to the newcomer in the

field, the links between solid state electronics and soiid state physics are

no longer evident.

The processes involved in the preduction of integraizd circuits and soiid
state lasers afford vary “ryiructive axzmnles o whizh to demorgirite the

tmpact of physics cr sem’conducior technology. Prosssses discussed include -

- Purification of silicon

- Crysta® growth

- itiguid ard vapcur phase e77iany

- Phcto- and electronbeat Sii-0oranhy
- Mask production

-~ Wet and dry etching

- Doping and metal depositicn, etc...

The inverse phencmenon, i,e. the impact ofsemiconducto- technoliegy on physics
will be demonstrated cn exampies irvolving two-dimeasional electron gases. Such
gases can readily be obtained in "synthetic™ layer structures, produced by

molecular beam epitaxy and n the depletion 'ayers of field-effect transistors
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with MOS geometry. The exampies discussed invoive

- Tv= multiple potential well laser and

- a2 "von Klitzing experiment”

1. Introduction

The activities of the Institute of Applied Physits which I direct are centered
on smiconductor physics. We grow a large variety of monocristalline and thin-
£ilm semicanductors and try to characterize them by measuring their electrical
and optical properties. We do not, however, have activities in the field of
semiconductor technology, i.e. we do not produce micro- and optoelectronic

semiconductor components.

In the light of the extremely rapid, worldwide development of micro- and opto-
electronics and of their technology, it was only normal that we should start

pondering about questions like:

Can physics or, more particularly, semiconductor physics

still contribute validly to semiconductor technology ?
- Does semiconductor technology still pose interesting problems
to the physicist ?

- What can semiconductor technology contribute to physics ?

It 1s the aim of this talk to show that. on the cne hand, physics has largely
contributed and still is contributing to the discovery of new semiconductor
applications and to the development of the corresponding technolegies. Semi-
conductor technology, on the other hand, permits many beautiful physical

experiments which would not be possible without it

2. Physics in Semiconductor Technology

Let me begin with the observation that the first semiconductor applications -

Se rectifiers, PbS detectors and the Ge transistor - were developed by physicists.

In the late forties, semiconductor technology and -physics were one and the

same thing ; Each measurement on e semiconductor was at the same time physics
and exploration of possible applications. This is no longer the case today :
In order to get semiconductor components with optimum performances very
complex technologies had te be created and to bring the costs of production
of these components down, very efficient micromanufacturing processes were
developed. As a result of this, the connection between semiconductor physics
and the microstructures produced by micromanufacturing is only decernible
with difficulty.

The lack of transparency of technological and manufacturing tendencies is

ampiified by the speed of their evolution. Let me remind you that the transistor

was invented in 1948, that Fairchild produced the first integrated circuit
consisting of 4 transistors and 4 resistors in 1961 (fig. 1}, that today
circuits comtaining up to 100'000 electronic gates are currently produced
and that 7'000'000 gates have been realized on some experimental chips.

And there is yet another factor contributing to the complexity of modern semi-
conductor technology, i.e. mass production. To illustrate this, let me show
you some pictures from the high purity single crystal production facility

of Wacker Chemitronics in Germany (capacity ~ 100 tons/year; figs 2 to 4).
Purification of the technical grade Si is achieved through the Siemens process
via the production of the volatile trichlorosilane

Si + JHCY = SiHC]3 + H2 '
the subsequent destillation of SiHC1; and the deposition in a van Arkel-like
process of §i on a hot Si rod. Single crystals are produced by pulling from
the melt and/or zonefloating. The crystals are then shaped into circular rods
of 2, 4 or 6 inches diameter on which flat faces are milled to indicate
conduction type (n-, p-type} and crystal orientation. Next the rods are cut
into thin (200-500 um) slices which are polished and oxydized. It is in the
form of these slices-the wafers - that the manufacturer of integrated circuits
will normally obtain his Si crystals, his "raw material” ( see e.g. (1}).
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Physicists, physical chemists and chemical as well as electrical engineers
have obviously largely contributed to develop the processes involved in

the production of high purity Si single crystals and to bring them to today's
perfection, However, the physics and chemistry of these processes are so well
known that I need not go into any details here. What ig perhaps less known

is the fact that not only the purity and the perfection of the single crystals

is controlied by physical methads (resistivity and carrier 1ife-time measurements,
X-ray diffraction, elsctron microscopy, etc...), but also the purity of the

gases (Ho, HCY) and of the volatile SiHC14 used in the production of the basic
high purity polycrystalline material. Thus Hy, of unknown purity is tested by

using it as transport gas for SiHC13, whose quality has previously been
established in the deposition of poly-5i. From the poly-5i thus obtained

single crystals are pulled and their resistivity is measured, Only if the
resistivity of these crystals comes up to specifications will the H2 be used

in the production line. The contro! of the quality of HC] and of SiHC13 is

carried out in an analog manner.

Although the Siemens process, zone-floating and crystal pulling form the center
of today's Si-technology, considerable efforts are made to develop new and
cheaper technologies. Perhaps the most important among them is the plasma-
deposition of amorphous Si : H films. The praspect of producing cheap, Targe-

area solar cells is so enticing that an increasing number of physicists and

chemists have in tie past five years devoted their time and effort to a-51 : H (2).

However, the big break-through has not come as yet © the only commercially
available a-5i : H photocel] today serve - rather trivially - as powersuppiies
for wrist watches. It is my firm conviction that if plasma-deposition of 5i is to
develop into an industrially important technology, then the physics and chemistry
of the electric discharge in SiHz and in other volatile Si-compounds has to e

studied in much more detail.

Going back to the Si-wafers lei us naxt comsider the physics of the micro-
manufacturing processes which permit integrated circuits to be engraphed on
them {fig. 5). These procrsses are generally known under 'l name of photo-
Vithography {3). In a First siep o teyout (fia. 6) 6f fhe <irenit is nroduced

nowadays usually with the aid of a computer coat-olied poitors generafor .

Importent software libraries exist and are continuously expanding to facilitate
and to render more efficient this computer-assisted design of integrated circuits.
The transcription of the lay-out onto the Si-wafers involves a series of
manufacturing steps such as etching of photoresist and underlying 5ily Tayer

(fig. 7), diffusion or implantation of impurities {fig. 8), deposition of the
metallic interconnections of the circuit elements, ete..,, for each of which

a mask (fig, 6) has to be made. Subsequeniiy each mask is imaged on a thin photo-
sensitive film (photoresist) deposited on the Si wafers before each manu-
facturing step (fig, 7).

Since several hundred identical circuits are to be fnscribed on one wafer side
by side, mask production irvolves a photographic reduction as well as a "step
and repsat" operation, both of which have to be accurate to within a fraction of
a micron over the whele surface of the wafer. Obviously, considerable efforts

in optics and mechanics have gone and are sti11 going into theses processes.

And this also holds for the imaging of the masks on the $i wafers. Here the
alinement of successive mask images is very critical irdeed, and with the advent
of “very large scale integration" (VLSI) is often circumvented by selfalinement
proceedures involving the deposition of multiple oxide and nitride layers on

the wafers,

Critical also are the $105 and Si3N4 etching precesses. Wet etching techniques
today have all but completely been replaced by plasma etching. But here new
problems arise. Underetching (fig. 9) of the photoresist and redeposition of
removed miterial result in an overall loss of resolution in the etched structures.
Oowr: to aimensicns of about 0,5 microns, prattica! solutions to these problems
exist (fig. 10}, but they are largely based on trial-and-error receipts which

are not publicly accessible : the physics and chemistry of plasma etching

are: still very badly understood today.

The resciution of photolithegraphy is ultimately Timited by the wavelength

of the vmployed lignt. Efforts have therefore hean made to use ultraviclet and

Foray tource.. Mirecver, mask production by electron-beam lithography (figs. 11
ang T2 Ts becoming increasingly popular, not only because of its high inherent
rescivtegn, hut also because e-beam writing fan readily be controlled by



computers. Unfortunately, e-beam writers are too slow to permit direct
exposure of the wafers, but the highly resolved e-beam masks can readily

be used in connection with the X-ray source of the future : the synchrotron.
First experiments along these lines have proved the feasibility of this
method. Thus, it appears that the optical resclution available at present

is sufficient to afford lithographic reproduction of circuits with features
as small as a few thenths of a micron (fig. 13}. On this scale the Timiting
factors are the photosensitive films and the etching processes. The search
for new, inorganic photoresists with ultrafine grains and for etching
proceedures with even higher resolving power, therefore, is very active

at present.

To end this brief and incomplete overview of the important role physics plays
in semiconductor technology and in micromanufacturing we mention a joint
development of physics and applied mathematics : two-dimensional modelling of
semiconductor interfaces such as junctions and contacts. Indeed, the

strive for ever smaller circuit elements ricessitates the electrical profiles
{impurity and charge carrier densities, potential distribution, etc...) of
such interfaces to be described not only across the plane of the interface,
but also across its edge. Considerable computational efforts based on

finite elements and related methods are actually under way in most of the

research laboratories of integrated circuit manufacturers.

3. Physics in Devices

Physics is, of course, the principal source of inspiration for the develepment
of semiconductor devices. As examples we consider here the semiconductor
(diode) laser and some of its more recent offsprings. It was physicists who
recognized that p-n junctions operated in the forward direction afford the
carrier inversion to be established, which is necessary for coherent light
emission (fig. 14}. However, the first semiconductor lasers were rather
inefficient, because the population inversion is adversely affected by the

diffusion of carriers away from the junction. To avoid carrier loss by

- |21-

diffusion the doubte heterojunction laser was invented {5). A layer of
p-type GaAs is sandwiched between two layers of n-type and p-type "l3 qu

As respectively (see fig. 15). Because tht energy gap of Aly Gay As is
higher than that of pure Ga As, the edges E. and Ev of the conduction- and
valence bands form square wells which confine the electrons and holes to the
p-Ga As layer (fig. 15, bottom). Moreover, since the refractive index of
pure Ga As is higher than that of the alloy A[3 Gay As, the Ga As layer
represents an efficient light guide for the emitted radiation. The
simultaneous confinement of electrons and holes as well as of the emitted
1ight leads to a considerable increase of the efficiency of the double
heterojunction laser as compared to the simple junction laser. In particular,
it should be menticned, that the reduced threshoid currents attained in

this way, permit DH lasers to be operated ccntinously at roomtemperature.

A view of a DH laser in "stripe geometry" is shown in fig. 16, in which
typical dimensions are indicated. In the insert a micrograph of the sandwich
n—A13 fiay As / p-Ga As / p-Al3 Razy As is reproduced.

Depending on the size of the optical cavity of the DH laser and on the
injection current, the emitted light contains many different modes. However,
single mode emission can be achieved by ifhtroducing a Bragg reflector into
the cavity (see e.g. {5), (6) and (7)). Cavities providing "distributed
feedback” can readily be manufactured by embedding (8) a grating of suitabie
spacing at one of the interfaces Ga As / Rlx Gaj_, As as shown schematically
in fig. 17. The embedding is done by first inscribing by ion-milling a
grating cn the Ga As substrate {fig. 18) which subseguently is covered by

an epitaxial overgrowth of Al, Gaj_, As (Fig. 19). The gratings shown in
figs. 18 and 19 are third order and have a period

no= 3% 2 3700 R,

n

where » = 8 800 R is the wavelength of the laser light and n = 3,56 the
refractive index of the cavity.
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The production of complex hetercjunction lasers is possible only on the
basis of technologies which afford very thin layers of differently composed
semiconduct . alloys to be deposited in a controlled manner ane on top of
the other. In the order of their development. these technologies are :
liguid phase epitaxy (9), chemical vapour deposition (10) and molecular
beam epitaxy (11). A typical experimental set up used in the production of
heterojunction lasers by Tiquid phase epitaxy is shown in fig. 20. A granhite
slide holding a precursor seed and a growth seed (the substrate of the
structure) can move freely through a graphite barrel which, in different
compartments contains various alloys of desired composition. In order to
keep the alloy solutions in the different compartments in liquid form the
barrel is maintained at about 8009C. Moving the slide step by step through
the barrel, the alloys are successively freed from the oxide film covering
their lower surface by the passing precursor seed, Simultaneously the barrel
temperature is gradually Jowered, so that each time the growth seed reaches
a new compartment, a thin film of the corresponding alloy is deposited.
Excellent light emission efficiencies have been obtained with laser diodes
marufactured by this method. However, the method is too clumsy for mass
production and therefore is mostly used for research purposes nowadays.

To a lesser extent the same remark holds for chemical vapour deposition,
and we therefore here only give a schematic view of a typical deposition
reactor (fig. 21},

The most advanced technology for epitaxial crystal growth and the one that
affords the best control of the deposited layers, is without any doubt
molecular beam epitaxy. From the pioneerina work of Cho (11) it has, over
the past decade, developed into a most efficient manitfacturing method for
semiconductor devices with heterostructures (see e.q. (13)). A suitable
substrate onto which layers are to be deposited is maintained at an
elevated temperature in an ultrahigh vacuum vessel {figs. 22 and 23;

A series of individually heated evaporation cells allow the substrate to
be bombarded with different atomic and / or molecular beams which are
collimated by a liquid-nitrogen cooled shroud. The shroud also serves to
pump condensible gases, Shutters on each cell permit the beams to be
initiated and interrupted in times which correspond to less than 1 R_growth
of the deposited layers.
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If molecular beam epitaxy is eminently suited for the production of
complex lasers and other optoelectronic devices, its biggest success from
the point of view of the physicist is certainly the fabrication of Syn-
thetic layer - or superlattice structures consisting e.q. of stacks of
alternating Ga As - and A1y Gayj_y As - Tlayers [see e.q. (14) and (15))

In fig. 24 a scanning electron micrograph of such a superlattice is
reproduced. As the individual Jayers can be made as thin as m]DGR and
since the forbidden gap of the semiconducting alloys vary abruptly from layer
to layer, multi guantum-well structures can thus be produced, which afford
the study of two-dimensional charge carrier qases. This subject will be
treated in the next section.

4, Devices in Physics

The conduction and valence band edges af synthetic superlattice structures

have the shape of periodic square well potentials {fig. 25, top). The electrons
or holes occupying the low-lying states n = 1,2,... in these wells are

confined within them and thus form two-dimensional Fermi gases. The corresponding
density of states is shown in fig. 26.

During the growth by molecular beam epitaxy of a superlattice consisting of
alternating layers of Ga As and Alx Ga]_x As denors can be incorporated by
simultaneous evaporation of S+, For appropriate values of x, the donor

levels in the A]x Ga]_x As layers lie above the bottom of the GaAs conduction-
band and therefore are all ionized. The corresponding electrons together with
those excited thermally occupy the lowest states in the conduction band of

the GaAs layers and they form two-dimensional gases (fig. 25, middle). By
suitably shuttering the Si evaporation scurce one can grow so-called
"modulation doped” superlattices in which only the A?x Ga1_x As layers contain
donurs while the fa As layers remain donor-free (fig. 25, bottom; ref, (16))
ne resultino sitoation s rather e<traordinary : In an intrinsic region of

Ga As one finds an electron concentration which corresponds to more or less

reavily n-doped material. The absence of donors in the Ga As layers does,
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of course, drastically reduce the ionized impurity scattering at Jow
temperatures {T<300K} where it would otherwise predominate, and unusually

-1 at Tiquid He (16)).
In their -cent article Drummond et al. {17) reported electron mobilities

as high as u = 115 000 cm? v 1571 at 10 K in a single period modulation doped

high electron mobilities are measured (u >10% om? V_1s

A].ZS Ga_75 As / GaAs heterostructure,

As was pointed out already by Dingle et al. (16) the high chargecarrier
mobilities in modulation doped heterostructures open up new possibilities
for the physicist. Low temperature transport studies on multilayer two-
dimensional electron gases are particularly interesting in this respect.
Here we oniy mention the strono anisotropy of the magnetoresistance : with
the magnetic field perpendicular to the layers of the heterostructure
Shubnikov - de Haas oscillations are observed at fields as low as 10 kG.

When the field is turned into the plane of the layers the cscillations

disappear completely, thus evidencing the two-dimensionality of the electron gas.

The "multi-quantum-well heterostructure laser” represents yet a second device
permitting physical phenomena to be observed which are associated with the
two-dimensional character of the electron gas in synthetic layer structures.
The first such laser was described by Tsang et al. {18) and consists of a
cavity formed by 14 Ga As quantum wells each ~ 136 f thick and separated by
13 A1.27 Ga_73 As harriers each ~ 130 R thick. The confinement layers on
either side of the cavity are n-A1.27 Ga'73 As and D—A1‘2 Ga_73 As respec-
tively. The corresponding energy band diagram is shown in fig. 27 (top).
Within each Ga As conduction band well the two lowest electron states n =1

n = 2 are marked. Alsc shown are the states n = 1 of the heavy holes (hh)
and the 1ight holes {1h) in the valence band wells. The wavefunctions (half
a wave length of a sine) drawn on scme of the energy levels are meant to

indicate their occupation by electrons or holes respectively.

At threshold current lasing occurs first at about 8708 R {fia. 27, bottom),
i.e. at the hich energy side of the spontaneous peak. This behaviour differs

-5~

markedly from that of normal DH lasers in which no such high energy
emission has been observed. When the current is increased by about 10% new,
much stronger lasing lines occur at 8745-8750 R (fig. 27, bottom). Tsanq

et al. (18) interpret the emission at threshold as resulting from the

n = 1 electron-to-light-nhole recombination while the Jower eneray lines
appearing at higher currents are believed to stem from the n = 1
electron-to-heavy-hole recombination. This assignement is consistent with
the light-to-heavy hole splitting observed in excitonic spectra. Lasing
lines associated with the confined levels n > 2 have not been found.

The successive occurrence of first the emission corresponding to the 1e-1h
recombination and then of that involving the de-hh recombination can be

explained as follows : when electrons and holes are injected at threshold
from the "-A].27 E.’:\.7

more mobile light holes will move accross the multilayer to guantum wells

- s i i
3 As and the p A1.27 ..a‘73 As side respectively, the

near the n-side. In this region the density of the injected electrons is
much higher than near the p-side and a population inversion between the
electrons and light holes is achieved. As the injection current increases,
more electrons reach the wells close to the p-side where the heavy holes
are abundant, and emission corresponding to the 4e-hh recombination is
possible. This interpretation is confirmed by experiments invelving optical
pumping. Since in this case no carrier transport is involved and the
electron-hole pairs are generated throughout the whole multilayer cavity
only the stronger le-hh emission is observed.

Synthetic superlattice structures of the type just described are not the

only semiconductor devices in which two-dimensional electron gases are met,
From this point of view the metal-oxide-semiconductor field-effect transistor
(MOSFET) represents a most important tool for the physicist interested in
basic solid state physics {19). In fig. 13 a crossection of a MOSFET is
shown, and in fig. 28 its functioning is summarized schematically. In a p-5i
substrate (base) two n-type aeras-source and drain - are incorporated and

in the region between them and isclated from the base by a thin $i0, film,

a metal gate is deposited. At zero gate potential (Vg = 0) the energy band
profile across gate, oxide film and base is as shown in fig. 28 (middle).
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With a positive gate voltage the bands in the p~51 are bent as indicated
in fig. 28 (bottom) and a thin inversion layer containing electrons is
formed in the p-S5i just below the oxide film. This conducting n-channel,
which runs from source to drain, constitutes a two-dimensional electron
gas confined within the wedge shaped potential well appearing at the
surface of the base for Vg > 0.

Let x denote the direction of the channel, x-y its plane and z the axis
perpendicular to it. In this case the shape of the probability density
of the confined electrons along z is as shown schematically in fig. 29
{bottom) {see also {19)}. The density of states in the channel once again
corresponds to that of a two-dimensional Fermi gas (fig. 26), and since
all the electrons occupy the ground state n =4 only, of the potential
well, its value simply is :

N(E) = Zm*,
he
where m* is the effective electron mass. If now a magnetic field H; is
applied to tne MOSFET along the z direction the density of states splits
up into a series of discrete Landau Jevels (fig. 30) located at energies

E, = he CHy (P4 8,0 =1, 2, 3...
L Zm*e

and separated from one ancther by equal fntervals

= he
AEL T H,.

Each level contains all

= = 8
Ny = N(E). A, £ .

states which in the absence of the magnetic field are comprised in the
interval AFL. The two-Jimensional gas is thus fully quen!iced each election
orbiting vith the cyclotron frequency

around the field liaes.

What will happen to these orbiting electrons if, simultanecusly with Hy\

an electric field E, is applied along the channel ? The two Landau levels
*anc 1+ 1 between which we suppose the Fermi level to lie are separated

by AEL. At low temperatures and at high enough magnetic fields this separation
is much too big to allow for dissipative $cattering of the electrons across
the Fermi level. No current can therefore flow along the applied electric
field. Rather, the orbiting electrons drift in the y direction perpendicular
to both Ex and H,. This means that the diagonal elements Oyy and cyy of the
cenductivity matrix are zero. Moreover, the off-diagonal element Oxy - the
Hall conductivity - which normally depends on the scattering mechanism does,
in the absence of any scattering at all, take the particularly simple form

oxy - Nec
HZ

where N is the two-dimensional electron density.

The electron density N in the conducting channel of a MOSFET {s proportional
to the applied gate voltage Vg {19). Making use of this fact, von Klitzing
et al. (20; see also 21) carried out the following Hall effect experiment:
in the geometry outiined in fig. 31 they measured the Hall resistance

of a MOSFET at Hz = 180 kG and at T = 1.5 K. By gradually increasing the
gate voltage they increased N, but sémce the density of states is a &-function
consisting of individual Landau levels, N can only increase in steps of

AN = N =

L . H

e

he ¢

and does so each time the Fermi lovel crosses a Landau level. If in
carticular £ Ties above the M Landaw level. then

-
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ieH

_ z
N = fe
and
O
I, cxy(T) Nec jel

As Vg increases further ;1 will remain constant until EF crosses the next
Landau tevel, and on plott?ng the Hall resistance as a function of Vq one
obtains the stepped curve shown schematically in fig, 32, At each plateau

the ratio of the Hall voltage to the current is precisely ?EE or, in ather
words, the von Klitzing experiment affords an absolute standard of resistance
to be defined in terms of the finestructure constant

el

= K_ . 1%5 ?

o

where W, is the permeability of vacuum. Conversely, accurate resistance measure- .

ments permit the finestructure constant to be determined with a new and inde-
pendent method. Scientists of the National Bureau of Standards in Washington
together with a group of physicists at the Bell Telephone Laboratories are
actually developing the method so that by the end of 1981 measurements of

a to within a few parts in 107 should be possible,

These are obviously most exciting findings which clearly demonstrate the
importance of applying the results of semiconductor technology and parti-
cularly of microelectronics to basic solid state physics. But there is

more physics behind the ven Kiitzing experirent than would appear from the
very simple interpretation given her-e. Indzed, this interpretation is based
on the assumption that the density of states of a two-dimensional electron
gas. in a magnetic field is described by a §-function. But because of
imperfections and disorder in the real MOSFET structures this is, of course,
not the case : the Landau levels are broadered and while there exists a

mobility gap between successive levels the density of states does not go

- 11%-

exactly to zere. This rises the question why the von Klitzing experiment
works at all and why it does furnish a value for the finestructure constant,
whose precision is comparable to that obtained with other methods. Such
questions have given rise recently to a series of theoretical considerations
(22, 23) which show, that if the interpretation given here is indeed over-
simplified, it essentially gives the correct result. Small errors might
arise from the thermal exitation of carriers to the mobility gap.

The quantization of the Hall resistance in a two-dimensional electron gas

has not only been observed in MOSFETs. As mentioned earlier (17) two-dimensional
electron gases are also formed at single period modulation doped A1x Ga.l_x
As/Gahs heterostructures. In this case the two-dimensional concentraticn N of
electrons is constant and one cannot move the Fermi level across the Landau
levels. However, the opposite is possible : by varying the magnetic field one
can push successive Landau levels through EF' Since the electron mobility in
heterostructures is very high, quantization can be achieved (24} under less
stringent conditions (HZ ~ 80 kG, T = 4 K) than in the Si MOSFETs.

5. Conclusions
In the introduction to this talk I have formulated three questions :

Can physics still contribute validly to semiconductor
technology ?

Does semiconductor technology still pose interesting
problems to the physicist ?

What can semiconductor technoloqy contribute to physics ?
The first two questions can now be answered in the affirmative. Thus,

I have shown in section 2 that semiconductor technolony draws heavily from
physics and with the development of Very Large Scale Integration will continue
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to do so at an ever increasing rate. In section 3, I have given a
few examples of technological problems posed to and solved by phsicists

how to render a junction laser more efficient 7
how to produce a sinagle mode junction laser ?

how to produce multilayer heterostructures ?

The discussion in section 4, finally, of physical phenomena in two-
dimensional electron gases clearly demonstrates how semiconductor techno-
legy, by rendering possible the study of such gases, has opened new
fields to the experimental as well as to the theoretical physicist. The
von Klitzing experiment is the mest beautiful example in recent years

of the strong interaction existing between semiconductor technology

and basic physics. The scientist interested in solid state electronics

is well advised to keep abreast of both.
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Captions

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

1

10 : -

First integrated circuit consisting of & transistors and 4 resistors,
produced 1961 by Fairchild.

Destillation columns in high-purity trichlorosilane producticn
(after (1}).

A battery of modern float-zone machines for the production of mono-
crystalline Silicon (after (1)).

Silicon single crystal being pulled from the melt.
Engraphing the elements of an integrated circuit on chips and wafer.
From the layout to the final mask.

The photolithographic process :

a) exposure of photoresist through mask
b) selective etching of photoresist and S1'02 layer
¢} removal of residual photoresist

Diffusion of n-type impurities into a p-type substrate through
the windows in the Si0; layer.

Underetching of photoresist : SEM-micrograph of squarewave
grating etched into $10, according to (4). The prismatic bars

are the underedged photoresist.

SEM-micrograph of squarewave grating produced in 3102 with the
highly directional, reactive sputter etching technique (after (4)).
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Fig.

Fig.

Fig,

Fig.

Fig,

Fig.

Fig.

Fig.

Fig.

n

12

13

14 :

19 :

: Double heterojunction taser :

: Schematic representation of computor controlled e-beam Tithography.

Electron beam pattern aenerator Cambridge Instruments EBMF-2 for
use in e-beam Jithoaraphy.

: Minimum dimensions of actual metal-oxide-semiconductor field-effect

transistors (MOSFET) :

Distance source-drain tLa0,5 -1y

Effective channel length : Leff ~ 0,25 - 0,5
Depletion layer thickness : NS “ ND A 0,25

Thickness of oxide below gate : ~ 400 - 800 K

The principle of the Junetion laser. Under forward bias the electron-
hole populations are inverted in the region of the junction and
recombination gives rise to coherent light emission.

Ev : valence band edge

Ec * conduction band edge

EF : Fermilevel, EF . EF i guasi Fermilevels
n p

the confinement of electrons and
holes in the junction region,

: Double hetercjunction laser in "stripe geometry",

: Schematic view of a double heterostricture distributed feedback

laser. w represents the width of the lasing cavity (after (8)).

: Scanning electron photomicrograph of the surface of an ion-milled

grating on a Ga As substrate (after (8}).

Scanning electron photomicroaraph of a cleaved and etched section
of a Al Ga
ion- m111ed grat1ng (after (8)).

As layer grown epitaxially on a Ga As substrate with
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Fig.

Fig.

Fig.

Fig.

Fiq.

Fig.

Fig.

Fig.

Fig.

20

21

. 22

23

24

25

28

27

28

29

Reactor for liquid phase epitaxy of Ga As and related alloys
(after (9)).

Schematic view of a chemica) vapour deposition reactor for
ITI-V compounds ({after {(1en

Schematic view of a typical ultrahigh vacuum system for molecular
beam epitaxy (after (12)).

The MBE equipment of the Institute for Microelectronics in
the Federal Institute of Technology in Lausanne.
Transmission electron micrograph of (Faﬁs) (AlAs) super-
lattices consisting of n (m} monolayers of GaAs (A1As)
Left : n = 8.0, m=1. 3; right : n = 6.1, m = 3.4,

Energy band diagrams for undoped (top), uniformly n-doped
(middle) and modulation n- doped Ga As / Al Ga
lattices (after (16)).

-x As super-

Density of states ocrresponding to a two-dimensional carrier
9as contained within a deep-well potential. The Fermi level
Ties between the states n = 3 and n = 4 of the deep well.
The multi-quantum-well heterostructure laser, Top : energy band
diagram showing the n = 1 and n = 2 electron states in the
conduction band and the n = 1} light- and heavy hole states in
the valence band of the Ga As layers. Bottom : Emission of the

MQW heterostructure laser (schematical, after {18})

The MOSFET. Tap : crossectioh. Middle
for Vg = 0 and bottom ; for Vg > 0.

Energy band diagramm

Schematic representation of the probabiltity density w2 of
electrons confined to a squate well (top) and a wedge shaped

well (bottom) such as it gccure in the inversior layer of a
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Fig. 30 : The Landau levels in a two-dfmensional electron gas (m* =
effective electron mass).

Fig. 31 : Hall geometry.

Fig. 32 : The Hall resistance as a function of the gate voltage ¥

¥
s
1

g

x

Fig.2

Fig.l
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INTEGRATED CIRCUIT
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\ \ J

1—10mm
~ 250 gm chip
Bt
Si wafer
with engraphed
chips : ‘
7
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\
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Fig.n

. Final mask

MASK PRODUCTION

Circuit design

Layout

Mask 10001
5 to 8 masks per circuit

/ reduction and
repetition

chip ~6x5mm’

Fig.6
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THE BANIU EDUCATION ACT AND SQUTHERN AFRICA

G.E.Tanyi
The National University of Lesotho, P.0.Roma 180, LESOTHO.

1. The doctrine of apartheld and the Bantu Education Act

The Bantu Education Act which was passed by the government of the
Republic of Scuth Africa in 1953 is one of a set of measures designed to
strengthen the machinery of "apartheid" - the doctrine of white supremacy
of the Republic of South Africa. The oblect of this act is to deny the
South African black all access to the mathematical, scientific and technical
education necessary for heslthy human development and consequently limit him
anéd his offspring to menisl servitude - a role prescribed for him in the blue
prints of "apartheid". Only 26 years after its promolgation inta law, the
Bantu Education Act definitely tipped the halance of the scientific manpower
of the Republic of ‘South Africa in favour of its white citizens : 99% of the
engineers, T8% of the natural scientists, 91% of the technicians and 72% of

the artisan of the Republic of South Africa were whites.

Few pecple cutside Southern Africa understand the mechanics of this
act and its implications for the future of black Africa in its entirety. The
orgenizers of this centre have observed the continuens absence of black South
African Scientists from its activities since the creation of the centre. The
absence of bleck South Africsn Scientists in the activities of International
Scientific institutions of this kind is one result of the Bantu Education Act,
It is with the hope of remedying this situation that I have gratefully welcomed
this opportunity to explain the Bantu Education Act to the Scientists and
Mathematicians of this community.

To give you a clear picture it is necessary to begln by locating the
Bantu Education Act in the overall doctrine of spartheid. "Apartheid” is &
doctrine of racism, of white supremecy over non-whites, and its tenets are
obnoxoius to 2ll rationel human beings. I beg your pardon in advance should

any 61‘ the texts quoted in this presentations offend your better natures,

2. The Bantu Educaticn Act.

It is the irony of our time that the defence of human rights has

become unfashionable. Patt Derian, the assistant secretary of state for

~-le7-

human rights in the Carter administratiop has glven a brief but luecid

deseription of the doctrine of apartheid.

T quote :

"With slight alterations in Hitler's concept of a

master race and modificaticns of his "Final

Solution" procedures the government of South

Africa in 1948 adopted and put into effect &

plan to keep 8ll power in white hands...

... 14% of the worst land was designated as

"homelands"™ or "reserves

L

for blacks...

... (There were) Wo real South African passports

for blacks who received "homelsnd" assignments.

"Homelands" are make-believe "nations" and the

South African government expects them te Issue

pagsports which no other nation recognizes

and respects.”

1)

The Bantu Educstion Act was proposed by Dr. Henrik Verwoerd in a political

manifesto in 1948

"When I have control of native educetion T will

reform it so that eguality with Europeans is not

for them.

.+..What is the use of teaching the Bantu child

mathematics (and Science) when it cannot use

it in practice.

- H.K. Verwoerd 1948

The Bantu Education Act became law in 1953.

This is quite absurd.”

2)

Twenty years later the following

survey revealed the mecheanics of Dr. Verwoerd's design.

A,

B.

State Education Expenditure im 1976 in the Republic of South Africa

Whites : RT00/child
Indians R250/child
Coloureds : R1G8/child
Blacks : R 59/child
Pupils/teacher ratic in 1976
Whites 20 pupils/teacher
Indians : 27 pupils/teacher

Coloureds

Blacks

30 pupils/teacher
47 pupils/teacher

g

2}



Before examining the effect of the Bantu Education Act on black
universities in South Africa it is important to emphasize that the Bantu Education
Act was clearly designed toe propagate and safeguard the apartheid doctrine of
white supremacy and was supported by some other foreign powers who shered the -
common interest of meintaining the status quo in Southern Africa. Again I

quote Dr. Verwoerd, {the architect of the Bantu Education Ack)

"There is ne place for him (the black man)
in the Furopean community sbove the level
of certain forms of labour”

3)

-~ Dr. H. Verwoerd

Thizs point of view was also shared by Prof. Marcelo Caetan (former professor

of the University of Lisbon} when he declared in 195L that

"the blacks are to be directed and organized
bty Europeans... the blacks must be regarded
as productive elements orgsnized in an economy
directed by whites" 3

- Marceloc Caetan

3. The effect of the Bantu Education Act on black universities in Southern Afries

Black universities in Southern Africa fall under three categories
a) Bantustan or tribal universities created by the govermment of South Africa in
established homelands or native reserves;
b) the black universities in the Republie of Scuth Africa which were established
before the Bantu Education Act and which do not belong to any stipulated

Bantustans (or reserves) and

—

¢) those black universities belonging to black sovereign states which are either

) éomvletelv,surrounded by or share & boundarv with the Revublic of South Africa.
There are 3 universities in the latter category -
the National University of Lesotho {which originally served the three nations
‘of Lesotho, Botswana and Swaziland under the name of the Unilversity of Botswana,

Lesotho end Swaziland), the university College of Botswans and the University
College of Swaziland.

~-168-

The Bantustan Universities isolated from all external intellectual

stimulation have heen leflt to degenerate in keeplng with the spirit of the
Bantu Education Act., Thelr graa_iua:bes find 1t legally imposaible to do
postgraduate studiea outside South Africa or to attend seminars and workshops
in international centres such as the I.C.T.P.
The reason is a classic example of Salinger's "catch 22"
- Since Bantustans are "Nations" they have (and exerclse) the right
of issuing passports to their citizens.
Because no other country (except Scuth Africa) recognizes these
passports, the Bantustan citizen is unable te leave South Africa

where he is confined to his reservation !

The black sovereign states bordering South Africa declared their
objection to the Bantu Education Act and withdrew from the common poel of
the South African education system creating their own primary, secondary and
higher educational struetures. Givérl thelir weak economies and the continuous
destabilizing raids of thé Republic of South Africs these universities are
finding 1t difficult to keep théir doors open,not tospeak of giving their
students the scientific and technological education necessary to compete for

their existence.

The black universities of the Republic of South Africa continue to
carry the full brunt of the Bantu Education Act and the various control laws
of the Soutn African ministry of Educaticn. Divoreed from both the white and the
Rantustan universities, the black university of the Republic of Scuth Africa is
constrained to evolve in intellectual isclatien.

4. The Mricen dilemma

From Ghana to Chad and from Chad to the Scuthern tip of Africa the

black African university is still fighting for its survival many decades

after its crestion. African politicians advocate a "transfer" of technology
from the developed nations while African Scientists attend international
conferences, write papers in learned non-african journals and work in research
leboratories in the developed countries. One African state after another has
won its political freedom only to ecreate hunger and misery for its unfortunate
pecple. The inability to feed themselves has become the symbol of freedom for

many african nations.

This has been the result of freedom movements unaccompanied by parallel
scientific end technologlcal movements — of the lack of appropriate measures te
ensure future seientific and technological suffieiency. Shall we also allow free

Namibia and Azania to follow the root of Ghana and Chad to ¢haos 7
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ientific ard teonnolos.

5. A strategy towar

It hes now become nscos? 1= take immediate aud effective action to

statil e the black African universities in order to vermit the developing
Afri - states to evolve viable technologies mppropriate o thelr environments.
Thi: 3 the surcet and meost effective long Lerm means of correnting the dsmage

causod by apartheid policies and aceades of colonial nnd neocolonial brainrasliing.

The experience of India, Faklstan, frazil and other third World natlons
has revealed that a guick and efficient way of generating SCience and indeginomiz
technology is through the ereation of celentific eentres or institutes. For
Seuthern Africa such a centre or institute must be designed not only to pull
existing scientists together and provide them with a forum for discussien, research
and publication but it must at the same time act as a centre for continuous
sdvanced learning for the many deprived graduate victims of South Africa'’s Bantu
Faducation Act. Simultanecusly it must dedicate itsclf to resesrch in the
modification of exlsting technologies and the generation of indeginous

technologies tor the African environment .

I recall that in 1972 a number of Africans {including myself) met here
under the suspices of Prof. Abdus Salam to discuss the crestion of an Africen
Centre of Advenced Studies. Our failure to see it throush and the events of
our time have served only to demonstrate the importance snd urgency of this
venture. I em afraid that unless some urgent action is taken, we shail be

overtaken by the growing chaos and instability in today's Africa.

For the many displaced African scientists, the I.C.T.P. has alvays been
and continues to be a haven for work, study and exchange of ideas. T am very
grateful to Prof. Abdus Salam, to UNESCO snd to the Itallan people for making

it possible.

¥) The Guardian. June 12, 1983,

2) Moto : No. 13. Hersre, Zimbabwe - June 1983.

3.} The Herald, Herare, Zimbabwe -26 June 1383,

4) Hugh Tevin : Seven Years in a South African Prisony {Zimbsbwe Publishing House .}
5) Nelson Mandela ) No Easy Walk to Freedom. { z4mbabtwe Publishing House:)
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0N PROBLEMS OF TEACHING PHYSTCS 1x RTVFRE STATE CF NIGERIA

A. V. Chelap

Department of Physics, Rivers State University of Sclence and Technology,

Port-Harcourt, Higeria,

ABSTRACT

The present paper reports the problems of teaching physics In Rivers
State of Nigeria.

Some suggestlions to obtain sclutions to these problems are given.
It is hoped that by incorporating these suggestions into the educatlonal system,

the poor enrolment of gstudents in science in general and physics,in particular

at various levels of education can be improved.
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Introduction

Man 1s the focus of innumersble forces around him. These forces limit
his 1ife and comfort. Hence, to improve the quality of our life we are motivated
to understand how these forces may be resisted, guided and controlled, The
understanding of these natural forces of 1life 1s the main object of physics.

The guidance and contrel of these forces leads to the development of technology.

Thus, development 18 the conguest of the Universe through science and technology.

The development of any country, therefore, depends on the directlon in
which science education in schools, colleges and universities progresses. The
developing countries in ths world have many problems in this field. This paper
is an attempt to review some of these with special reference to the teaching of

physics in the "Rivers State of Nigeria".

Preview of the development

The formal educstional system in Nigeria is quite young. The first
institution of higher learning, "Yaba College’ was established in 1932. It is
interesting to note that in the year 1960, the "University of Nigeria, Nsukka",
the first Nigerian University came into existence. However, the efforts made by
by the Government since 1960 for the development of education are commendable.
There is an explosive increase in the number of schools and universities since
Nigeris became independent. It is worthwhile to mention that at present Nigeria
has 13 Federal Universities, 7 Federal Universities of technology, and & State
Universities, a total of 26 Universities in all. There is also an exponential
in the number of primary, secondary, teacher's training cclleges and polytechnices.
In spite of all this expansion, the quality of education is inadequate. Tdeal
concepts and ideal systems are far from being realized in practice. Practical
systems are never perfect because they suffer from the existence of opposing
forces or damping constraints. Hence, aims with which this rapid expansion wes

mede are far from achievable horizons.

Structure of educationsl system in Nigeris

Nigeria's philosophy of education is based on the fact that equal
educatlonal opportunities for all her citizens will be provided at primary,
secondary and university levels. Accordingly, in 1976 the "Universsl Primary
Education" scheme came inte force. Generally spesking primary education is
free and has been compulsory since 1979 and all schools are financed by the

"Government of Nigeria".

-1¥3-

The general pattern of primary education in the country is that the
students must start schocl et the age of zix. However, In urban aress many have
attended play scheols or nursery schools. The aim of primary education is to
develop all aspects of the child: physieal and emotlonal as well as intellectual
and eultural. Moreover, opportunities are made available for instruetion in
religion and traditional subjects like history, geography, music, etc. Although
mathematies is taught, unfortunately passing in mathematics is not required for

promction to higher classes.

At the end of the primary education, i.e., roughlv at the edge of twelve
or more students teke a common entrance examination at State OF Federal level.
On the basis of their performance they enter the gecondary schools and secondary
education lasts for six years. Nowadays, in addition to traditional education,
emphasis 1g placed on professional education in the fields of Electronics,
Carpentary, Catering, Smithy, Agriculture and so on. (hildren entering into the
gchools have full freedom to choose thelir careers. During these six years of
study students learn English, a forelgn language {normelly French), social sciences,
science subjects or technicsl subjects. At the end of this period they take
exeminations conducted by "West African Examination Council", though these do not

normally include all the subjects that the students have studied. In fact, a
pupil mey teke an exam In as many, or as few, subjects &s is thought zuitable.

After secondary education the students appear at the entrance examinsaticn
conducted by the "Joint Admission and Matriculation Board". The successful
candidates, about 10% of the sccondary output,is absorbed in the universities.
Depending on the background and performance at the "JAMR” examination, the
atudents pursue their university education in either of the faculties viz,
Humanities, Law, Sclence, Fngineering, Medicine, Business Administration, ete..
Normelly, the University degree programme is for four years. During these years
the students concentrate on speclalized subjects of their interest. However,
they have to earn a credit of sbout twelve units iIn the subjects offered by the
faculty of foundation studies. It mey alsc be mentioned here that some of the
universities in Nigeria offer graduate programmes leading to Masters and Doctorate
degree. These programmes vary 1ln thelr duration and course content from university
to university. Moreover, the students who cannot enter into the universities
can pursue thelr higher education in colleges of Beience and Technology, colleges
of Education, and Polytechnics. The sketch of educational pattern in Nigerla is
shown in Fig. 1.
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Educatlenel Pattern in Nigeria
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Education in the Rivers State

To begin with a brief report of educational institutions and enrollment
of the students in these institutions in the Rivers State during 1970-1982 is
given in Table 1 while Figs. 2(a} and 2(b} indicate graphically the statlstics

for primary and secondary schools.

Table 2 gives the totel staff strength and the percentage of qualified
teschers in the 1981-82 session (Fig. 3).
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Percentage of qualified staff

INSTITUTIONS

Fig. 3

From Table 1, i1t 1s ebvious that remarkable progress hes been made
in terms of & quantitative aspect of education. However, it i3 common experience
that when guantity grows quallity deteriorates. But in the field of education,
the guantitative increase at the expense of quality camnot be tolerated. Let
us, therefore, loock into the causes of deterioration of gquality of education.

=13

Rumber of éducational

insgtitutions and student population

Technical

Teachers Institutions
Year gzi::g S;?ggg‘i? Tralning Vocational of Higher
< Celleges Schools Learning
1970 Log 21 3 3 2
Btudent's
Enrolment | 151,000 7,632 Y70 527 218
1973 583 L3 T L 2
Student's
Enrolment | 173,252 22,680 N.A. N.A. 589
1976 595 52 T ) 2
Student's
Enrolment 275,591 36,780 5,743 3,728 332
1979 ~gel 97 14 5 3
Student's
Enroiment 510,488 69,706 10,241 2,h18 2,013
1982 1043 234 19 5 3
Student's
Enrolmeny 513,731 92,902 9,153 3,111 6,624
TABLE 1
Teaching staff sand percentage of qualified teachers
Teachers Institutions
Year Primary Secondary Training of Higher
Schools Schools
Colleges Learning
1981 14,30k 3,397 312 €05
percentage of
qualified teachers 50% 32.5% 29.1% 80%
TABLE 2
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Primary education is the key poinf in the develoument of the child. Tt

i the basis of all educational developrent. To tmild n atvong natlon, this base

should be firm like an elephant., Anyihing can be arhieved <ith a strong base
and a stror - .nd. Bub, it is worthwhile %o mote thal sy 50% of the teacher
population -rployed in primary schools are qualified. Most of them have had

no educetion in Science and Mathematies. Tt Is interestins Lo note that passing
in mathematics is not compulsory for promolion to hisher clazses. Here's the
luop hole in the educational system. Tt is well knewn thol the seientific
speculation has two streams, viz, mathematieal deseritable models and scientific
experimentation. Therefore, there is & need to emphasize the importance of

mathematics in primary as well as secondary schools.

11, ig believed that the study of natural science should start at element.ary
school level. This study should be by direct experience because, when a child
learns by direct experience he 1s motivated to acquire academic and practical

skills. Unfortunately, this concept is lacking in the present educalblonal system.

(n the post-primary institutions the situation is unbeliievable. There
is a preat shortage of qualified staff. From Table 2, 1t 1s clearly seen that
only 32.5% of the totsl teaching staff is qualified. In these schools teachers
are not committed to their profession. The lack of dedication, punctuslity,

motivation ete. is a common phenomena amongst teachers.

However, in institutions of higher Tearning this situation is greatly

improved. More than 80% of the staff is basically qualified.

At this ‘anint, 1 would like to add some of my own observations made
during tesching =zt the freshman's year in the University. It may be mentloned
here that physics is a compulsery subject’ for this class in the faculties of
Agrieulture, Engineering, Fnvironmental Science, Medicine and Sclence. Moreover,
for gainins admission in some of these faculties the student must earn & Yeredit”

in Physics in the "West African School Certificate examination".

However, I am appalled by the students' ipguorance of thelr natural
environment. The students entering in the University cannot
(i) differentiate between a star and a planet although they are well versed

with the nursery rhyme, viz, twinkle, twinkle little star.....
{1i) name the different colours observed in a rainbow.
(1i1) indicate the dlrection iIn which the crescent moon rises and so on.

The lack of familiarity with natural phenomena is an ansurmounteble cbstacle

in science education as well as in rational instruction.

Tn the physics laboratory they see and use Vernier callipers, screw
gsuge and other basic eguipment fer the first time ut the University level.
Finding of the Vernier constant, ploiting of sraphs snd other basic concepts
which they are expected to know at secondsry levels have to be taught at the

miversity level.

Lbout 90% of the students offering physic: cannot differentiate beotween
a primury cell and secondary cell. They do uot know various components and
Tunetions of meost of the equipment lhey are supposed to use. It is hard enoush

for them to meke the electrical circult diagram.

"n a class of sbout 40 to 50 studeuts only one student knows the meaning
of 1lsosceles triangle, equilateral trlangle, parallelogram, ete., the reason
being, geomelry is not taught in many schools. Only a few students can correclly
define trignometrical functions. Who is Lo be blamed for the ignorance of these
young students - the . foundation pillars of the Republic of Nigeria? It is

definitely the fault of we tcachers engaged in imparting education to the students.

Thus there is 2 need (i) to evolve a uniform approach of teaching physics,
(ii) to have mutual co-operation between primary, post primary and uUniversity
teaching. The students entering the University must be well prepared to continue

their education and have a basic knowledge of the sublect in order to study physics.

Another problem of concern is very low (negligible) enrollment in the
degree programme with "Physics Major™. Table 3, {Fig.4}, shows that most of
the students opt for engineering and management =oicnee subjects. A very few about
7.9 to 9.4% of the total population registered in the university have enrclled
In the faculty of sclence during the last three years, and only a negligible
fraction of these have any desire to read physics. A similar trend was observed
by other Nigerian Universities as well as by Slerra Leone University. Advancement
of science and technology is achieved through sclutions of physics problems.
Therefore, no nation can achieve greatness and development through sclentific
progress by neglectingmathematics and physice, It is,

therefore, necessary to identify the problems of teaching physics.
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Enro%ment in the University of Bcience and Technology during last three vears

Fuculty 1580-81 1981-82 1982-83
Agriculture 576 598 486
Engineering 61k ‘el 710

Environmental Sciences 337 462 518
Management Science 1,iz22 976 1,118

Science 27k 267 271

Physies 17 17 17
Mathematics - 2 2

TABLE 3

Pattern of students' enrolment

1,200 %
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The problems of teaching physics

{1}

(2]

(3}

(53

{(6)

(1)

Tt is clear from the above evidence that the students entering the

uaiversity have a poor background of Mathemstics and Fhysics.

The major problem that faces primary and secondary education is the
shortage of qualified teachers. Those who are available have low
interest, 1ittle commitment and leck of dedication to the teaching
profession. The teaching profession is regarded as an unwelcome

assignment. Obviously, the quality of teaching is Jeopardized.

Physics teachers continue to follow conventicnal methods of teaching.
Their main emphasis is on the completion of the syllabus and preparing
students for examinations rather than enhancing comprehensicn of subject

content and motivating students to acquire scientific and technical skills.

The teaching of physics demands laboratories and equipment. These
facilities are not availsble in most of the schools. In some rural
areas even teachers of physics are scarce. The reason may be attributed
to the fact that the basle amenities of life like continuwous supply of
water and electricity are not available in rural areas. However, a lot

of development is underway and some notlceable changes are visible.

The facilitles and skills required tc improvise equipment are not being

wtilized because of a lack of the correct attitude to the profession.

A high proportion of teachers lack confidence and fluency in the subject.
They have limited knowledge of physiecs and its interdisciplinary nature.

The world-wide inflstion in every aspect of life has hit the developing
countries to a very large extent. The cost of equipment is rising year
by year. As a result several essential items required in ﬁhe laboratories
are either not bought or bought in insufficient quantities. Hence, ell
institutions cannot be adequately supplied with equipment.

Some suggestions for improvement

{1} {&) Teaching in general requires lnnovation -~ Innovation which is sensitive

and responsive to modern trends. Innovatlon 1s a gift of few formal
thinkers.

{b} To understand physics, requires much abstract thought which only those

st 8 high level of intellect can achleve. Teachlng physlcs requires the
sbility to put these ldeas into practlce and this of course, i3 never easy.
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{2)

{4)

(5}

(6)

(9)

Fence, the experienced teachers having these talents should be
encouraged to supervise workshops end seminars of teachers at various
levels. This would give the teachers an opportunity to interact with
those who have the right talent and correct ettitude towards their
profession. This will also help the teachers to revise their knowledge
of physics, to gain current information of the progress in this field

and to prepare new material for tesching.

The students failing in science and mathematics should not be promoted

to higher classes.

The basic equipment needed for physles education should be manufactured
within the country. Universities proposing projects on improvising
equipment should be encouraged and should be given additional financilel
support. This will help in training the avallable manpower to acqulre

skills of fabricaticn, repair and maintenance of the equipment.

Thera should be complete co=-ordination between primary, secondary and
university education. The zim of this co=-ordination should be to evolve

&g uniform and continucus method of teaching.

The problem of rural educstlon can be solved by having mcblle laboratories.

These stould be equipped with sudio-visual alds, demonstratlons, experiments,

books and other seientific equipment, These laboratorles asleong with the
qualified teachers should tour the aress with inadequate facilities.

Television, Radiec and Preas Compaigh is needed for public enlightenment
on career guidance, job oppertunities and attractive rareers available

to physics graduates.

University teachers should be used to teach in secondary schools during
their long vacation. This will help to remedy the poor background of
the students in the sublect. It iz of interest to mention that Rivers
State University of Science and Technology, Port=Harcourt, has embarked

on this project under the auspicicus of "Science Fducation Centre”.

"There should be a qualitative improvement in the conditions of gervice

of the teaching profession.

All students opting for physics as & maJor subject at university level
should automatically have free education, free lodging-boarding and

free books.

Conelusions

The study of nature plays an important role in the multifarious
development of the child's activity. Hence to motivate the child in scquiring
academic and practicel skills, this study should be by direct experience.

There should be uniform and continuous approach of teaching physics

starting from primary lewvel.

To scquaint teachers with the present state of art and knowledge in

the field of physics, workshops and seminars should be crganized.

Physics should not be taught by reading, recitation and manipulation
of black hoxes.

New methods of tesching which are sensitive and responsive to modern
trends of development should be evolved. These methods should open a limitless
field for fabrication and menipulation of scientific equipment. Educational
institutions should serve s a powerful mechenism for a generation of indigenecus
technology to set into action creative and innovative capabilities of students

for the solutions of their problems in life.
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SOME OBSERVATIONS ABOUT PAKISTAN'S ECONOMY AND SCTENCE
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and
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¢

The purpose of the article is fo review the present state of
education and scientific development in Pakistan vis-d-vis its present state
of eccnomy, with the help of available statistical data.

Pakistan is located in Southern Asia and is bounded by Afghanistan
and Soviet Union {(north), by China (northeast), by India { east and south-
east}, by the Arabian Sea (south) and by Iran (west). A simplified map of
the country is given in Fig. 1. Pakisten won its independence from the
ritish onl4th August,1947. 1ts present population is 83,8 million and has
an area of 796,000 square kilometers. This corresponds to an average
population density of 105 persons per square km to be compared with the world
average density of 33 perscns/sq.k® and the Asian average of 93 persons/sg.km.
Pakistan, therefore, is the 12th densest zountry in Asia and 38th in the
world. The densest counitry in cthe world is Hohg Kong with a density of
4850 persons/kmz. During the period 1975-81, Pakistan's annual population
growth rate was estimated to be about 2.8%. The present adult literacy rate
in Pakistan is about 24% as compared with the figures of 36% and 66% for
India and China,respecfively. The literacy rate among the male population
is 30.2% , and in the female population 11.6%. The percentage of schocl
gning ch}ldren in the age group of 7 - 11 years in 64% which is less than
the developing countries average of 68%, the reasons for such a low figure
being primarily the lesser number of schoels, specially in the rural areas
where the literacy rate is only 14.3% compared to the urban figure of 41.5%.
The situation with regards to enrolment in the middle and high schools (age
group 12-18 years) is much worse, Pakistan's figure in this age group is

9% which is miserably low compared with the developing countries average
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of 39% and the developed countries average of 64%. For the age group 19-23
years, the enrolment is 3 percent for Pakistan, 13% for the developing
countries and 46% for the developed werld,

Now we give a few basic figures regarding the economy of Pakistan.
The Gross National Product of Pakistan is about $ 30.6 billicn at the
current market rate. The agriculture sector contributes 29% to the GNP
whereas the industrial contribution is about 23%. Table 1 gives the

changing trends of the sectorial distribution for Pakistan and India over

the years
TABLE 1
DISTRIBUTION OF GNP (Percent)
AGRICULTURE INDUSTRY

Year 1960 1977 1982 1960 1977
Country
PAKISTAN 46% 33% 29% 16% 23%
INDIA 50% 7% 20% 25%

Pakistan's per capita income is § 289 compared to India's $ 230,
China's $ 28l and that of the USA $ 11,319. The average growth rate of

GNP/Capita and the rate of inflation is shown in Table 2.

TABLE 2
GNP/capita Av. Ann.Growth Av. Inflation Rate .
rate
ear 1977 1970- 77 1960-70 1970-77
|Country

PAKISTAN $ 190 3.0% 3.3 % 15.2 %
INDIA % 150 1.3% 6.9 % 8.9 %
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The growth rate for the period 1977-81 is estimated to be avcoul £.1%.
The major causes for the high inflation rate during the period 18970-77 were
the mass i ve devaluation of Pakistan's currency (1972) and the colossal
increasc in the rate of remittances by Pakistansworking abroad. The home
remittar.ces rose sharply from a meagre Tiguare of % 123.77 million in the
year 1972-73 to a fabulous figure of % 224.94 million in 1981-82, showing a
jump by a factor of 18 in a decade. These remittances in turn have led to
major socic-economic repercussion on the society in general and has also
drastically affected the pace of progress in the realm of education and
science.

As far as external trade is concerned, for the year 1980-81 the
import bill was $ 5.3 billicn vs.a total export of $ 2.9 billion, showing a
huge trade deficit of § 2.4 billion. This deficit is mainly met from home
remittances of Pakistanis abroad, which amounts te § 2,1 billion feor the
year 1980-81. The corresponding figures for the year 81-82 are $ 2.23
billion from home remittances vs.about $ 2.3 billion from export. Region

wise distfibutien of home remittances is given in Table 3.

TABLE 3

Region/country TOTAL REMITTANCES % age of total

{ 1981-82) remittances
Middle East $ 1.835 billion §2.55
U.K. $ 121 " 5.44
u.3. % 72 " 3.24
Others % .185 " B.77
TOTAL $ 2.223 o

Thus Pakistan is a unique country in the world, whose total earnings
from manpower export almost equals the total receipts from export of all
other commodities The former has alsc led to adoption of a very liberal
import policy by the Government. Among the imports, the biggest single item
is cil which is coeting Pakistan about $ 1.52 billion annually. The oil

import from Saudi Arabia alene is worth .68 billion dollars which is the

biggest import from any one country. It is curious to remark that the
biggest chunk (~.60 %) of the total remittances also comes from Saudi Arabia,
The vital role of S. Arabia in the economy of Pakistan is very much apparent
from these figures, In terms of manpower responsible for the remittances,
unofficial estimates put the figure at about 2 million, mostly working in
the gulf states and the middle east, those working in Saudi Arabia alone
ranging from about 400,000 to 500,000. Official figures regarding the year

wise emigration of labour are given in Table 4.

TABLE 4
Year Labour Emigration in the year
1971 3,534
1975 23,077
1976 41,690
1977 140,445
1978 129,533
1979 118,259
1980 133,397
1981 153,081

Higher Education

At the time of independence (1947}, Pakistan had only two universities.

This number has now risen to 19, out of which 10 are general universities
and seven are professional (4 Engineering and 3 Agriculture). Two remaining
universities have special character - one being an open university and the
other is devoted to Islamic studies and is run in close collaboration with
Saudi Arabia. The enrolment in the Universities has risen from 5,084 in
1960-61 te 56,705 in 1981-82, an increase by a factor of 11 in the two
decades. The corresponding figures for the professional colleges are
12,921 in 1960-61 vs. 82,496 in 1981-82. The enrolment in the general

Arts and Science colleges rose from 71,000 (1960-61) to 245,000 (1981-82).
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The university enrolment curve shows a slow and smooth increase uptoc the
year 1976, after which we find 2 steep increase between years 1977 and 1978,
followed by a rapid decline in the year 1979 and 1980. This suomalous
behaviour is apparently due to technicalities such as overlap of semesters,
delay in exams st¢, The curves regarding number of educationa! institutions,
their enrolments and output are given in Figs.(2-7). Although the enrolment
and output at the Bachelor's and Master’s level has been steadily increasing
over the years, the output in sciences definitely shows a fapid decrease.

The figures in Table 5 highlight this trend

TABLE 5
Year Cutput of bachelors and masters in sciences
1974 - 75 13,955
1978 - 79 10,135
1979 - BG 7,598

The Table shows a decrease of about 45 % in the total number of
graduates, professional graduates and masters in all sciences over a
period of 5 years. The subdivision of the total output for the year 1978-

79 is given as follows

Science graduates 4,088
M. Sc. 1,796
M. Phil. 100
Ph. D g
Engineering graduates 1,565
Medical " 1,971
Agriculture " 606
TOTAL 10,135 for the year 1978.

Although we do not have complete data of the output of students at

the F. Sc . level, the figures available for the years 1972-74 show a
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decrease in the number of F. 3¢'s produced in the pre-engineering gioup, a
fraction of which takes up basic sciences as their career. The cutput of
F. 5c¢c's in the pre-medical group, however, deoes show an increase in the

said period. The details are given in Table 6.

TABLE 6

Category Year N° eof F.Sc's produced
Pre-Engineering 1972 8,622

1973 8,521

1974 6,558
Pre-Medical 1972 ¢,080

1973 12,771

1974 il,560

The rapidly decreasing itrend in the output of science students at
almost all levels, in very alarming for the development of science in the
country., The statistics show that the output of professional graduates
(medical, engineering etc.)over the years is steadily increasing which
implies, for basic sciences, a percentage decrease even higher than 45 %.
It seems that students are, generally, turning away from basic sciences and
going over to social sciences. For instance the number of law graduates has
risen more than 4-fold during the years 1975-1981. The main cause of this
diversion seems due te lack of competitiveness on the part of scientific
professions vis-a-vis others. For instance in Table 7 we give the annual
salary of a fresh Ph.D ir Pakistan in the years 1970 and 1982 and its

equivalence in term of various commeodities.
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TABLE 7

ANNUAL SALARY OF A FRESH PH.D GAIN/REDUCTION
IN PAKISTAN FACTOR
Year 1970 1982
Equivalence
PAK RS 9,600 20,400 2
LAND 685.7 sq.yd. 81.6 sg.yd. 1/8
Car {1200 cc) 0.5 car 0.17 car 1/3
PETROL 1/3
WHEAT FLOUR 13 tons 10 tons

The Table signifies a much greater depletion of the effective
salary of an average scientist in Pakistan, over the years than that implied
by the official inflation rate of 15 %. On the other hand, incomes in
other professions like law, medicine etc. are relatively less effected by

the inflationary trends.

SCIENCE AND TECHNOLOGY ESTABLISHMENTS

According to the statistics suppliied by the Naticnal Science Council
of Pakistan, the number of Science and Technology (S & T) establishments in
Pakistan rose from 73 in 1974 to 137 in the year 1982. In addition to these
5 & T establishments, there are at present 19 Universities in the Country.

The manpower is these establishments is given in Table 7

TABLE 7%
Year . N? of Scientific Establ. Manpower Ph.D/Estab
Ph.D M.Se
1974 73(S&T ESTAB)+ 8 Universities 645 1989 7.90
1982 137{3&T ESTAB)+ 9 Universities 843 3184 5.40

* In the above table and in all the subsequent analysis, we exclude the
scientific manpower from Pakistan Atomic Energy Commission, for which no

figures are listed in the latest manpower directory published by National
Science Council of Pakistan.

gy ) Y

The number of S&T establishments in the country has increased by
about B8 % in B years, whereas the Ph. D manpower increase is 30 % bringing
the average number of Ph. D's per institute down fora figure of 7.96 in
1974 to 5.40 in 1982. Most of the above Ph. D's are, however, concentrated

only in a few establishments as listed in Table 8.

TABLE B8
PH. D's IN AN S&T ESTAB. N® QF ESTABL.

0 66

1 25

2 i9

3 8

4 1

6 3

16 [(PCSIR,Peshawar) 1

31 (PARC, Islamabad) 1

41  (PCSIR, Karachi) 1

49 (PCSIR, Lahore) 1
Unknown 11

Total EST. 137 Total Ph. D's = 246

Compared with these figures, the estimated numbker of Ph. D's in
sciences in the Universities iS about 600. The total Ph. D population in
the entire country is therefore about 846 (PAEC excluded).

The mushroom growth of institutions in the country in the absence
of adequate manpower, particularly at the Ph. D level, signifies an over-
all dilution of the scientific effort in the country. Out of 137

institutions listed above, one hundred and nineteen establishments have less



than four Ph. D's and are, on the basis of the meagre manpower alone, hot
in a position to make any significant contribution towards research and
development. The declining trends in the overall scientifie output of the
country is manifested in Fig. 8 which gives the number of scientific authors
publishing each year over the period 1973-77. Pakistan is the only country
which shows a downward trend in this figure. The three major establishments
with Ph. D strength 16, 41 and 49 are research laboratories of the same
establishment i.e. Pakistan Council of Scientific and Indusirial Research
(PCSIR) located at different places in the country. The other ma jor
establishment with 31 Ph. D's is fhe Pakistan Agricultural Research Council.

Unfortunately)most of the attempts in the past have laid an emphasis
on creafing more and more institutions rather than initiating a national
programme for systematic and sustained preduction of manpower over the
years. Webelieve that had even a small fraction of the total budget of
these establishments which runs into millions of dellars and which has
mainly gone into construction of building and the setting up of the
administrative infrastructure, been utilized for the manpower production in
various scientific disciplines, the state of sciences today would have been
different altogether . Rough estimates indicate that the total budget of
these S & T establishments is of the order of 72 millions dollars (C.25 %
of GNP), The approximate cost of sending one hundred trainees abroad for
Ph. D programme does not exceed one million dollars a year which is less
than 1.5 % of the total S & T budget. A similar training programme at home
institutions/universities shall of course, cost considerably less. We
therefore believe that even within the present budgetary constraints the
manpower production ﬁrogramme can be successfully implemented if given
proper emphasis in our planning.

. . Another important aspect which deserves attention s the state of
affairs in the Universities wvis-a-vis S & T establishments . compared to 246
Ph. D's in the S & T establishments, the 19 Universities have approximately
600 Ph. D's on their roles which become roughly 70 % of the total Ph. D
manpower in the country. But the share of S & T budget allocated to the

Universities is -5 % which signifies a strong mismatch of manpower and

Ll A

funds. A possible way out may be to initiate a programme for collaberation
and co—opération and even affiliation of some of the research establishments
with the Universities or the newly established centres of excellence in
the country.

The overall scientific manpower in the country is very small. Young
people do not find scientific professicns attractive at all. Fewer and
fewer students are now seeking admission in hard sciences like physics,
mathematics and chemistry. The situation in physics is particularly bad.
In all the universities of Pakistan, the number of physics teachers is not
more than 120 out of which only 53 are Ph. D's. Most of these Ph. D's are
concentrated in three to four Universities, leaving the rest without
adequately trained staff. The student. enrolment in physics is also very
poor, the annual output of Masters for all the universities being 250
approximately.

To conclude, it is evident that the pace of progress in science and
technology is very slow. Pakistan needs %o revitalize its S5 & T programme
80 as to accelerate its progress. Indeed it needs to achieve a quantum
jump in order %o fill the technological gap it experiences today. Needless
o say that this would be possible only through a firm commitmen® on the
part of the Government to the advancement of science.While no}%%gtitutions

or universities be opened, the existing ones -w.:: be strengthened.

Arrangements for cooperation and collaboration between the S & T establishments

and the universities must be institutionalized. To generate manpower in
order to meet the growing needs of science and technclogy, a fresh and
rigorous programme should be undertaken for training scientists both at
home institutions and abroad . Incentives must be given to attract

talented men to scientific professions. A programme of this nature initiated

in the late fifties and ¢ontinued through the sixties by the PAEC and was guite

successful in giving science a respectable status in the country. A similar

effort is long overdue and is very much in order today.
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SCIENCE AND TECHNOLCGY IN DEVELOPMENT - A PRELIMINARY STUDY OF THE MALAYSIAN CASE

Hing Al Yun
Department of Soeclology and Anthropology, Unlversity of Malays,
Kuala Lumpur, Melsysia

and

B8.C. Lim
Department of Physies, National University of Maleysia,
Bangl, Selangor, Malaysia

Introduction

The economy of. Malaysia {then Malsya) during the Colonial period was
based primarily on the export of rubber and tin. Tn the years before independence
in 1957, gross export proceeds accounted for 45% of the Gross Domestie Product
(GDP}. Proceeds from the export of rubber and tin contributed sbout 85% of the
total value of exports, In the 1960's the annual rate of growth of the country's
GDP was about 6%. This further accelerated to 7.8% during the 1970s. Per capita
consumptlon had also increamsed from MEB56 in 1970 to M$L,4L5 in 1980 ) whilst
the rate of zaving to GNP has incressed from 21% during 1971-75 period to 29%
during 1976-80. The share of gross Investment in GNP has increased over the
same period tc 26%. Based on these macro indications we can say that the country

has moved into the seml-developed category.

To a large extent the sustained growth of GNP in Malaysia has been the
result of the country's wealth in natural rescurces. Large reserves of land,
tLimber, tin and petroleum has given a boost to the country's economic growth.

At the same time World Bank-backed government policies to improve the yield of
rubber trees, diversification of the ecanomy to include production of oil palm,
import-substitution and export—eriented industrialization had all sdded to up
export value from M$3.2 billien in 1961 to MES.L 1171 7an "o 1,00 Lo 00X Hillion
in 1980. The result of the policy of diversification can be seen in Table 1 where
the contribution of rubber export had declined from 48% in 1961 to 17% in 1530
and that of manufactured exports had increased Prom 5% to 20.5% over the same

period. Due to these developments over the years the unemployment rate had

- 22_5..

declined from T.8% in 197C te 5.3% in 1980. We have therefore moved from & labour
surplus econemy to one relatlve scarcity in labour especislly in plantaticns and
agriculture (sector of lowest returns te labour] and the high grewth constructien

sector which are now using cheaper immigrant labour from Indenesias, Philippines
and Thailand (1).

Agricultural development

In 1980 agriculture still formed the largest item 1n terms of contribution
to the GDP (22%), but it is e@ected not te be by 1985. In fact the share of
sgricultural exports had declined from 52% in 1970 to 36% in 1980 as a result
of the emergence of crude oil and manufactured goods as lmportant export commodities.
Nonetheless, agriculture still provides 41% of total employment in 1980 compared
to 51% in 1970.

Although the incidence of poverty is highest In the agricultural sector
{in 1975, 69% of agricultural households sre living belew the poverty line)
budget allocations for thls sector have deciined from 27.3% in 1970 to 13% in 1981.
Over the years agricultural expenditure was slloeated malnly for three strategic
Programmes ~ replanting of rubber trees (highest allocation was 67% during the
First Malsya Plan 1956-1960}; dralnage and irrigation {highest allocation was 36%
during the First Maleysla Plan 1966-1970); and land resettlement {highest
allocation of 51% for the Second Malsaysia Plan pericd 1971-1975).

Rubber replanting and irrigation schemes are aimed st improving the
pProductivity of existing settlements. Due to difficulties of extending existing
cultivated areas and the faect that rursl landlords formed the backbone of support
for the Malayacomponent of the ruling party, land reform was never considered as
an slternative for allevieting rural poverty. Instead the state has spent millions
clearing virgin Jungles to set up land schemes planting rubber and oil palm
managed and supervised by'g’cnrlernment employees. Though about one-half of -
agricultural allocations werr‘s{.reserved for land development, this benelitted less

than 5% of the rural population.

Due to historical resscns, the marketing of Malaysian rubber is today
dominated by transnational companies. Thus rubber prices are not dictated in
producers countries but in the developed countries such as the US and the UK.
Falling prices had led to a decline in planted rubber acreage 1n Malaysia - from
1,718,100 hectares in 1971 to 1,697,300 hectares in 1980, sustained mainly by
government land schemes. Nonetheless, great advances in the development of high

y¥ield clones have made possible an inerease in production - from 1,270,L00 tons

-6~



in 1971 to 1,463,900 toms in 19B0.

Due to the extension of irrigation facilities to cover 83% of rice lands
{641,530 out of T71,080 hectares) Maleyslam was sble to produce 82% of its rice
requirements in 1981. However, only 224,250 hectares of land was double cropped,
mainly with imported technology. Tt was estimated that in 1982, Malaysia imported
avout 68% of her fertiliser reguirements. 30% or so of the poor households in
Malaysia's premier irrigation scheme, the Muda Irrigation Scheme, are perpetually
in debt, not for consumption credit (as before) but production credit which has
mounted over the years from MEMT in 1966 te M32,772 per family in 1978/79. 4
World Bank Report shows that some 70 centa of every dollar generated by the poor
farmers in the scheme was siphoned out of the region (2). Within the scheme
inereases in income were much higher for the larger holdings (M$211) than for
the smaller ones (M$116) lemst for the landless labourers (M$G3). We therefore
find that in a capital intensive scheme such as that of the Muda where more than
half of the padi farms continue to be below the poverty line farm size of 0.228
hectares per capita, between 30-4L0% of the farming population still remain below
the poverty line. This shows that it is not further technological inputs but land
redistribution that will go a long way in reducing the number living below the

poverty line.

Industrial development

Before independence in 1957, there was hardly any industries to speak of
in Malaya. Value added in manufacturing contributed less than 5% to the GDFP,
confined to elementary processing of local raw materials and based on family
farms and cottage industries, Moreover, because Malaysia wes a captive market
under the Commonweslth Preferentisl System, there was no incentive for foreign
menufacturers to locate their industries here to deTend their market share. Most
importent of =11, at that time, the overall rete of returns to investment was
relatively higher in the advenced industrial countries. It was only in the
second half of the sixties as a result of strong unions and increasing costs of
production, saturatlon of domestic merket, foreign competitors operating from
within, and economlc rationalism of rewly emerglng countries preventing unlimited
flow of exports, that foreign investments started flowing to the developing
economies. This world trend coupied with geperous tax incentives provided by the
government resulted in the dramstic growth in menufacturing's contribution to the
GDP from 8.7% in 1961 to 13.4% in 1970 to 20.5% in 1980. For the first time In
1980 the mesnufscturing and construction sectors contributed a larger proportion
to the GDF than the agriculturel sector.

Tndustrial development has evolved from primary processing in the 1950's
to import substitution in the 1960's, and labour intensive export oriented
indugtries such as electronics and teﬁtile manufacturing in the 1970's. The
eighties are likely to witness the expansion of resource-capital-intensive and
energy based heavy industries as well as industries employing high technology - a
result of plentiful local resources (gas, petroleum, rubber, oil palm and tin)

and also becaunse of the maturation of the manufacturing sector.

Efforts to increase industrial development centred mainly on the provision
of infrastructures and liberal investment incentives in the form of tax exemptions
and tariff protection. During the early phases of industrisl development, plantation
owners' fears of increase in cost of living for their workers coupled with anxiety
of traders profits had mitigated against the use of tariff protection to nurture
infant industries. Instead reliance was placed golely on fiscal incentives (tax
holidays) and infrastructural developwment (which took up aboutS0% of public sector
investment ). Progressive worsening terms of trade and high unemployment had led
to a drastic change in industrial policies. Tariff protection of between 15-50%
was Instituted and the Pioneer Industries Ordinance waes replaced by the Investment
Incentive Act (1968) which provides total or partial relief from the payment of
income tax (& LO%) and development tax {@ 5%) to investors for a period of between
2 to 10 years depending on cspital expenditure (Investment Tax Credlt); pumber of
full time paid employees (Labour Utilization Relief of 2-8 years}; proportion of
product exported; location of enterprise {Location Incentive providing tex relief
of 5-10 years to encourage rural location to stem the flow of rural-urban migration};
type of product, degree of modernisation of plant and use of local resource eg.
rubber. By 1983, 9Lk industrial estates covering a total of 10,736.5 hectares were
developed providing cheap factory sites, transport cormunication and general
infrastructural facilities with the aim of promoting labeur intensive and
geographically dispersed industrialiaation. The Free Trade Zone Act 1970 provided
for the establishment of export processing zones with special facilities for
duty-free entry of materials and goods and minimal custom procedures for export of
processed and manufactured goods. By 1982, there were ten Free Trade Zones.
Notwithstanding the provision of these generous incecntives the Industrial
Co-ordination Act was implemented in 1976 to place exlsting or proposed manufacturing
enterprises {with shareholders' funds of less than M$250,000 and those employing
less than 29 full-time employees) under bureaucratic control with regard to their
nature, size and management. But because Malaysia ls a highly trade dependent
economy: the ratio of exports te GDP was 50.3% in 1961 and 52.2% in 1976 the
country can never have a complete free hand in llcensing, controlling and protecting

domestic Interests.



During the ten year.span of 1970-80, about 416,000 new jobs were created
within the manufacturing sector, a substantial part of which is attributable to

the growth of menufactured exports. By the end of 1978, total employment generated

within the Free Trade Zones (FTZ) was 80,920, representing 11% of the employment
in the manufacturing sector. In one Free Trade Zone alone (whose labour force
comprises T0% of all Free Trade Zone workers} more than TO¥ of the workers are
females, In 19Tk, electronic assembly plants which produced eircuit fittings,
office machine parts, television and radio parts, polished silicon wafers etc.
accounted for over 90% of the exports from the FT%s of Malaysia. Thelr essential
raw materials are imported from other production units of the parent company
located elsewhere in the world, their only significant locsal input being
electricity, apart from labour. (In one company studied 60% of material inputs
were imported whilst the other 407 comprised primarily of electricity and cther

insignificant items. y(3)

An incomplete census of various FTZs in 1978 ‘revealed that sbout 7% of
enterprises located in them are foreign owned, 23% sye owned by and managed by
foreign companies on a majJority basis, only about 6% are Malaysien owned. "High
technology" industries such a.sgi%ctronic multinationsls are presently exempted
from the policy of Malaysianisation of at least T70% of corporate equity by 1990
even though their mein work involves primary assembly line operations which can
be easily cerried out by young school leavers or even primary schocl drop-cuts.
About. three-quarters of the FIZ enterprises had reported that such operations

vere fully manual whilst 24% were using semi-mechanised techniguer,

As a majority of FTZ companies are foreign owned, a majority of them
{sbout two-~thirds of them) need not have any agreement or outside consultancy or
management contracts. Of those who have some explieit agreements, these are with
their parent companies. Good commodity prices coupled with the discovery of
petroleum has enabled the Malaysian government to press shead with the .
Malaysianisation of corporate equity. But, in the absence of any significant
local research and developmant (R&D) activities, technical agreements and Joint
ventures are sbout the only means whereby local capitalists {including the
government) can be involved in any form of industrialisation. It 1is therefore
important to look into the implications of these various forms of Joint-ventures
and agreements.

-T1%24-

Transfer of technology in Malaysia

During the late 508 and the early 90s, it was widely held that backward
countries need not undergo the same arduous and costly precess through which the
advanced countries had passed in order to achleve their present state of
technological and economic development. Through the transfer of technology,
developing countries could cheaply acquire the technological skills and knowledge
already possessed by the industrislised countried. As the subsequent anslysis
of the Maleysian case will show, such an sttitude is both naive, simplistic, and
overly optimistic.

Over the years, in response to the changing conditions and pressure from
developing countries developed countries have changed their forms of domination
over them. From control over the extraction of raw materials and supplying of
manufectured goods, developed countries have now gained s sufficient share of
the industrial production facilities through direect investment and momopolisation
of technical know-how required in manufacturing. In the case of Malaysla, even
though foreign subsidiaries eperating in the country have accepted the policy
of equity dilution technological and management ccontrol continues to residee
in foreign hands via joint ventures and technology license agreements with their
respective parent companies. Thus, the real extent of foreign control in the
Malsysian economy I1s still pervasive and far more extensive than indicated by
the proportion of equity ownership.

Up to 1980, of the 635 agreements screened by the TTU {Malaysisn Transfer
of Technology Unit), 57% were technical know-how agreements; 16% were management
agreements; 11% were Joint-ventures; 10% were service agreements: 5% were
Most transnationals
{TNCs) opersting in Malaysia prefer to adopt the method of “direct transfer of

trade-mark agreements snd 1% were for besic engineering )

technology” where turnkey sgreements provide the whole packege deal from plant -
construction to the production stage. In elmost all cases, these companies

have full control of the operations in the plant by providing all the technical
and managerial resources. Examples include the electronics, electrical and
pharmaceutical industries. The justiflecation glven by the TNCa for preferring
such agreements is the necessity to maintain the techniecal quality and efficiency

of their production.

Transfer of technology via license mgreements 1s costly. First, there
1s the direct and visible cost which includes monetary remittances for machinery,
equipment, perscnnel, technical iInformetion and the like., There 1s also hidden

or indirect costs which result from restrictive provisions {inecluded in agreements)



such as the compulsory purchase of raw materials, goods and services, export
restrictions, R&D restrictions and insppropriateness of technology imported.
Data availeble for only 211 agreements (out of the 635 registered) signed between

1970-80 shows that total payments smounted to about US$ 1518 miilion.

Up ti11 now, transfer of techneleogy has been limited primarily to the
physical transfer of tangible materis) forms such as equipment , machinery and
plants. However, a more important and critical aspect of this process has been
ignered i.e. the diffusion of technical know—how and skills. In fact, many TNCs
attempt in verlous ways to prevent such & diffusion of know-how in order to

perpetuate their hold in most countries. In Malaysis, & large number of agreements

impose restrictions regarding the transmission and diffusion of technology purchased.

For -instance, some llcenses stipulate that licensees should not allew the machinery
to be seen by the public. Other sgreements require the licenses te "cemse all or
any use of technicel know-how and drawings for any purpose on termination of the

agreement”,

Similar restrictions are placed on B&D with particular regard to adaptive
research. There rarely exists a provision in agreements for adaptation of equipment
of product by the licensor to sult loeal conditions. On the contrary some licensors
even gpecify that no adeptations could be made to the licensed product or equipment .
There are even cases where licenseesare required to "diselose to the licensor all
inventicons, processes and information which may be developed relating to the
licensed product and hereby grants to the licensor and its subsidiaries the free
and unrestricted right to file epplication for letter of patents on improvements

or new discoveries made by the licensees. TIn econtrast, licenseesin genersl have

to pay additional fees to obtain any new technicail know-how, discovery or developmentz

during the term of the agreement.

As a result of all these restrictions, Malasysia has experienced very
little transfer of skills from TNCs., This is particularly true of turnkey projects
or other package deals where local technicians have no oppartunity at all for
"lesrning by doing". Neither have they any opportunities for building skiils
through the experience of selecting, instelling or constructing plants. The
failure to zequire technical know-how through existing process of technelogy
transfer not only seripusly limits techni~sl change after the initial inv35tment)
it also limits the capability to integrate results of national R&D into production
systems. And sinee locs!l campanies are in no position to negotiate for individual
conponents of the package concerning investment, technology marketing and mansgement

and lmport only what they need, the country probably ends 1p paying mere for the
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imported technology than s necessary. The situation In Malaysla is by no means
unusual. Studies carried sut in other developlng countries show similarly

unfavourable terms in the transfer of technology (5).

Todéy, Malaysien contracts constitute the largest proportion of all
international construction contracts won by Japanese enterprises. Malsysian
government's insistence that locsl companies be ineluded in Joint—ventures in
the implementation of such contracts have only resulted in the setting up of
front companies. For instance, the front company with only a paid-up capital
of US$ 1 was set up to build the premier urban renewsl project Daya Bumi at =
cost of approximately YsS$ 1506 million. Clauses to inelude training of locals
can end up as mere tours of factories and scenic spots in Japan. Industrial
unregt such as strikes, high turncver and downing of tools is common =zt such
construction =sites as locals feel unfavourally discriminated against under

foreign superiors and skiiled workers.

The Malaysian Finance Minister once said that "Forelgn companies are
still bogies..... they have not transferred thelr technology to our people, they
are relying on domestic funds and borrowing from banks here, and they have not

v (6)

trained our pecple. They are still the same..... Yet , the government has
only recently decided to purchase a completely new plant to produce the
made-in-Malaysia car, some parts of which will be produced by robots. The rationale
given was that since the step-by-step progression in technological advancement
achieved by some local industries {for instance, from the export of timber logs
to plywood and the assembly of completely knocKed-down—furniture) had taken an
inordinately long time, Malsysia will have to try to achicve technolopicnl
sophistication by going for heavy industries (such as steel production, aluminium
smelting) without haeving to pass through the intermediate stages of technological
development. The made-in-Malsysia car prolect is supposed to form the basis of
industriatisation based on high technology. This joint-venture with Mitsubishi
is based on T0:30 equity ratio favouring Malaysia, With the help of tariff walls
and for a mere US$ Sk ml1lion initial capital Mitsubishi will capture 60% of the

domestic market where it now holds scarcely 8%,

If it ls true that developing countries such as Malaysia cannot hope to
develop thelr industries without importing foreign technology, it is equally true
that 'miess a concurrent progremme for the developrent of lacal techniral capability
for R&D is implemented systematically, developing countries will remain perpetually
devendent on foreign suppliers for technical know-how. One way of mchieving

technical eapability for R&D is to earry out sdaptive research. This helps not
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only in the absorption of foreign technology but also gssists in the development
of alternative technologles that are more appropriate to the Malsysian context.
As the development of locsl RED component is cruelal to the process of technology

transfer, our next secticn will examine this aspect in greater detsil.

Research and development (R&D)

Most TNCs in Malaysis are engeged in simple assembling of imported
components rather then sctusl manufecturing as shown in the case of the electronics
Sector. In one case of a French car company assembling completely-knocked-down
parts, 90% of the components were lmported. Tn fact, TNCs seldom link up with
lecal encillory establighments for supply of raw materials using the excuse that
local suppliers were unable to meet the reguired technieal specifications. Even
though the government has stipulated that local content sheuld be increased over
the yesrs for car agsemblers, this has not been strictly enforeed up till now,
dve to a very strong car lobby.

For ressons of econcmies of scale, most TNCs depend on their parent
companies for R&D work. Of the few TNCs which have active R&D Programmes such
&3 those of Harrisons and Crosfields Research and Advisory Services, Dunlop
Research Centre and TCI (Malaysia) Itd, Company - these deal painly in agro-based
research,

The bulk of R&D activities in Malaysia is cerried ocut by government
agencies. These include MARDT (Malaysian Agricultural Research and Development
Institute), RRIM (Rubber Research Institute of Melaysia), TMR (Institute of
Medical Research), SIRIM (Standards and Industrial Research Institute Malaysia),
Tun Ismail Atomic Research Centre and institutions of higher learning. See
Appendix I for more details. As we are still basically an agricultural country,
agricultural research constitutes the largest item in total R&D 4llocaticns,
taking up ebout USH 41 between 1981-85. The exact figure for total R&D expenditures
is not available (partly due to difficulties of defining what precisely constitutes
R&D and in part dué to a lack of systematic compilation of data thus indicating
lack of importance attached to local R&D). A rough estimate ecould be about 0.5%
of the Malaysia GNF. A comparison of this can be mede by looking at Table 2
which provides R&D figures for scme selected countries.

To glve a rough idea of how R&D activities are progremmed in Malaysia, we
Present below some details on R&D activities with regards to rubber, our most
important export until the discovery of petroleum. Today, the world industry is
worth some USy 100 billion embracing scme 100,000 products of which 30,000 are
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natural rubber based. The bulk of rubber manufacturing industry 1s situated in
the US, Jepan and other industrislised countries. Rubber based products in
Malaysia constitute only a mere 1.6% of total menufacturing export valued st
Us$ 2,295 million in 1981.

Based on the number of applications for patents, we can conclude that
there has heen only a negligible number ef innovative or new rubber product made
in Malaysia. Between 1950-1978, only two patents relating to rubber products
were reglstered locally. This is not surprising at all as only sbout 20% of
Malaysian rubber product manufacturers carry out any form of R&D activities and
these are usually the larger TNCs ot Joint-venture companies. Most of these
either have license agreements wilth their forelgn partners or were sble to obtaln
technical aid from their parent companies. Fxamples are Dunlop Malaysla Industries
Ltd., and Goodyear Malsysia Ltd. Only one large locally owned company carries out
R&D work on tyre manufacturing. This is done with the help of a technical
consultant from Taiwen. Private industries' annual expenditure on R&D come up
to approximately US$ 2 million. This =mount to only about half of cne percent
of the total sale value of rubber products. To be effective, R&D should comprise

at least two per cent of the annuel turnover of a particular product.

R&D work in rubber is also primarily carried out by government institutions.
The Melaysien Rubber Research and Development Board (MRRDB) was set up to determine
policies and programmes for rubber research, development and prometion. It has
twe operating units responsible for R&D work: the RRIM located in Kusls Lumpur
and the Malaysian Rubber Producers Research Association (MRPRA) in London. The
MERDB derives its funds from the levy of research cess of US 1 cent per kilogram

of rubber exported. This gives an annual revenue of approximately US$ 17 million,

RRIM concentrates its R&D work on latex technology, engineering spplication
of rubber, tyre development and testing. Tt also runs a technical advisory service
to aid rubber product manufacturers. Most of thelr R&D activities are therefore
based on enquiries from manufacturers. For the last quarter of 1982 alone, there

were about 112 such enquiries.

MRPRA with its sophisticated research laboratory in London carries out
both basic as well as applied research in rubber physics and chemistry, and also
work relsted to the development of new forms of rubber. HNow that Melaysians own
nearly the whole of the plantation sector, one may question the justification
to continue funding and retaining our rubber R&D activities in Londén.
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Nationzl science noliecy: some remarks

Finally, we would like to make some repgarks on government attitndes oo
reflected in its policies towards the development of science and techneology in

Malaysia.

During the last decade, large amounts of petrodollars had been used to
Purchase and thus Malaysianise the many companies which were previously held by
foreigners (mainly the British). However, the government has only recently
turned its attention to the problem of technological dependency. But it is
attacking the problem by purchasing wholesale turnkey fashion sophisticated
Plants to produce steel, cement and cars. It also relies overly on loreign
consultants to plan and implement development projects such as ports, irrigation
schemes and highways. Instead of developing our own R&D, wholesale reliance on
foreign expertise had resulted in unnecessary wastage — of both time and resources.
A few examples are given below to 1llustrate varlious effects of such unthinking

dependency on foreign expertise.

The following case shows what can happen when blueprints designed with
the resources of a developed country in mind are used for projects in developing
countries. In the mid-sixties, after a foreign construction company had
completed its planned obligations in the World Bank financed Muda Irrigation
Scheme, the Malsysian government had still to cough out an additional US$ kO
million (to the original US$ 200 million} to link up the tertiary canals.
Furthermore, these canals were to be built by loeal engineers and it tock some
time for the authorities to reslise that the civil engineers trained in Malaysia
are less suitable for the task than hydraulic engineers. It was only as late
as 1972 that a decision was taken to train engineers in a more appropriate way

for sgricultural uses.

Another example is proviged by the case of the foreign consultant companies
appointed to plan and construct the major east coast port at Kuantan. Unfortunately,
the blue-print for the port was prepared without due consideration given tc local
seg and weather conditions - in particular, the effects of the rough seas during
the northesst monsoon season. The port thus showed serlous structural wesaknessaes
even before it was due to be opened for operations. Malor repair works costing
as much as the original price tag had to be instituted by another foreign consnuitant

company !

Besides the problem of overdependency on foreign expertise, lack of
administrative co-ordination and proper planning also contribute to wastage of

limited resources. One typical exampls is that regarding the choice of site for

T Tamall Atomic Rescarch Centre. After apernding neaviy Ued Lo millicon on
clearing the chosen site, the authority "discevered" that snother zoverament
hody, the Yational Tlectricity Board, had the zxtension of trasmission lines
in the same area. Fearing that these lines may affect the sensitivity of the
electronic equipment to be installed in the atonic centre, the original site
was sbandoned a:l a new site had to ke found. A1 this wastwre in woney and
time could have been saved a more carelul plannin: and better co-ordination

smong various governmment agencles.

Up till only recently, there seems to be very little commitment on the
wart of the government to develop our own sclence and technoleogy capabllity.
This is indicated by the faect that we 5till do not have an explicit national
policy for science and technology development. Though the ¥Ministry of Science
and Technology has now been glven the task of formulating the national science
policy, they do not have the clout or mandate and funds to ensure that such
policies and guidelines will be effectively Implemented. In 1975, the National
Council for Seientific Research and Development (NCSRD) was set up with the
primary task of monitoring, evaluating and coordinating sclentiflc and research
development in suppert of national develapment. However, their rcle is only an
advisory one and such advice, no matter how sound and visble, as shown by past

experience, has been freguently ignored or relected.

Therefore, the most important ingredient in the development of indigenous
scientific capability is the necessary political commitment to the cause. Lack
of this commitment due to shortsightedness ran lead to stunted economic growth
after the initial spurt of import substitution. This proved to be the case with
Mulaysia where the recent slowdown in growth was followed by the call for a second
round of import substitution and the nascent focus on technology development In
the country. Steps have alzo been tzken to inercuse the number of technicians
and scientific personnel. New vocatlonal and technical institutes have been set
up to increase the proportion of students from 4.6% of the total enrcllment at
uppe T secondary leVels in 1980 to 6.3% in 1985, lowewver, this cannot be considered
as adequate in view of the vary rapid rate of economic expansion experienced over
the last decade {see Table 3). In Tact, the development of educational facilities
in the past have been disproportionately geared Lowards producing professionals
and university graduates., Far less emphasis had heen vlaced on the tralning of
the large number of suvporting skilled menpower needed. As a consequence, the
country todsy faces an acute shortage of skilled lasbour. As a short term measure,
the government has tried vushing the responsibility for training such intermediate

ievel personnel onto the vrivate sector which up till now is reluctant to shoulder



such & burden unless it 1s incorporated as part of an agreement for award of

valuable contracts to foreign construction and manufacturing firms. Hence witness
the

the collapse of tralning schemes fostered by Ministry of Labour and Manpower

on private loecal contractors.

One crucial and very basic aspect that is absent in the scientific and
technologlcal infrastructure in Malaysia 1s the lack of an information service
for the dissimination of scientific and technological knowledge. There is an
acute need for such a service especially for egrieultural snd industrial workers
if only to create an atmosphere where scientific and technologicel development

can thrive,

Extension work and informatien services provided by existing government
organisations such as the Department of Agriculture and the Rubber Smallholders
Development Authority are inadequate. During the recent outbresk of the "redpost”
in the Mude Scheme rice fields, farmers had complained that they seldom received
visits from extension workers even though they respected and valued the "educated"

and scientific Informetion given by them.

There is, on the other hand, en even greater dearth in terms of elementary
sclentific and technical educatisnal facilities for industrial workers. During
the recent recession, even the very small number of literary adult educsation

classes were closed down as & result of budget cuts - an un)ust =snd short-sighted move.

It was only recently that the mess medis — particularly the TV - was
utilised to popularise and dissiminate seientific and technical information and
knowledge. This is an encouraging move. However, such efforts should be quickly
stepped up snd other media should be involved to widen the coverage and effectiveness
of such programmes. For instance, the state could initiate snd sponsor populer
science magezines for a start. These should be written at & level easily understood
by the average worker with only primary or lower secondary school education. The
function of pepularising science is crucial to the development of scientific
development in any country. However, Malaysian scientists have in the rast seldom
come ferward to contribute to this effort. Perhaps, with government commitment

and support, these scientists will be persusded towards this effort.

Conclusions

In this paper, we discussed scme of the problems relating to the development
of sclence and technology in Melaysia. We believe Malaysiz is capable and has the
potentisl of sdvancing itself in this field if she can overcome systematically
Some of the problems which hinder the country's expansion into this important

area of development.
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However, even though this paper has not touched sufficiently on the social
aspects of science and technology development, we have pointed out that scientific
advancement can by nc means be equated to the overgll upliftment of the living
standards of the poorer sections of the population. Seience and techneology
development does not take place In a vacuum. It can only be expressed through
certain soclal and economic structures. If these do not favour the poor, then
scientific and technology development in such contexts will not mean much to
them. To quote our country report for CASTABTA 1T "Even with rapld advances in
science and technology their benefir;‘ial impact on the poorer sectlons of the
i

population is at best marginal'.
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Structure of Exports by Commodity Groups, Malsysia (in percentage)

TABLE 1

TABLE 2

Research and development expenditure as a percentage of GNP for selected countries
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Com;nodity Year Country Year Percentage of GNP
1961 1970 1980 Low Income Countries
Rubber 48 33 17 Eurma 1973 0.10
India 1979 0.60
Tin 16 20 7 Zri Lanksa 1978 0.27
Sawlogs b 1z 9 Fakistan 197k 0.14
Sawn Timber 2 k L Indonesia 1979 0.4
Palm 0i1 > 5 8 Middle Income Countries
i d 0.26
Crude Petroleum 3 ph 25 Thailan 1979
Philippines 1979 Q.17
Manufactured Goods S T 21 ongolia 1980 0.13
Others 20 15 7 Kores, Rep. 1979 0.6
Iran 1972 0.3
Total, 100 100 100 Singapore 1978 0.2
High Income Countries
USSR 1979 L,
Yew Zealand 1977 0.4
Japan 1979 2.10
Australia 1977 1.0

Sources: 1. Statistical Yearbook, 1980, Paris, UNEZCO, 1981

2. CASTAZIA 1T Country Reports, 1981
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Techniclans
(thousands)
50501.1

935.5
1227.1
1582.4

Total Stock

Bocial
Sclences
157,297
242,900
295,240

358,400
- Peninsular Malsysia,

Medical
Sclences
2,945
40,390
k9,120
€6 ,04g

Sciences
1,h29
2,530
3,050
3,68C

Scientists and Fngineers

25,156
ko,7120
53,570
70,989

Technology
Tts source is from the "Vital Statistics"

1980, 1985 and 1990 populetion figures is the Fourth Malaysia Plan,1981-85, p. 218,

Engineering andl Agricultural

TABLE 3

Breakdown by fleld of educaticnal training {in units)

sclentific and technglegical manpower
Natural
Beiences
8,214
13,580
18,150
23,656

sig

(in units)
217,041
b19,130
522,774

Total Number
340,520

The scurce for

{thousands)
217.0
340.5
L13.1
522.8

Tetal Stoek.

(thousands)
11,454.7
1h,261.2
16,179.5
18,143.0

Population

1973
1580
1985
1590

Year
he 19732 population figure was estimated as at December, 1973.

Zabah and Sarawak, 1976.
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PHYSICS AND DEVELOPMENT

T.D.M,A. Samuel

Faculty of Engineering, University of Peradeniya, 8ri Lanka.

ABSTRACT

This paper discusses develcpment in a broad sense
and suggests the need for harnéssing both the
human and natural resources of Sri Lanka. A way
of including this in training programmes isg
digcussed . To do this effectively three areas

of research are suggested.

1, INTRODUCTION

I am neither a physicist nor a person directly involved in development
planning, yet the relation of science to develeopment has over and over again
drawn my attention in my wo-% situation. Therefore I take this resuest to
present this paper as an oppertunity to give serious thought to this subject
in order to get a more general direction to my work. This takes the form of

a historical and philosophical discussion.

Sri Lanka is an island in the Indian Ocean at the southern tip of the
Indian subcontinent, covering an area of about B5000 sguare kilometres. It
consists of a central uwss of mountains surrcunded by broad ccastal plains.
It has a population avound 14,86 millicn with historical rcots going back
as far as 2000 BC. Four of the greatest living religions of the werld,
namely Buddhism, Hinduism, Islam and Christianity have found their rallying
point in this land. To contribute to its development we have to understand

the meaning of development.

The concept of development is used in different senses. It is therefore
best to consider it in as broad a sense as possible so that the position of
our country at present, how we got there and why, may be discussed. It is

a difficult zask to unravel the connection between physics and development.
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In this paper it is done through a discussion of science, technology and
development. This will lead inevitably to basic questionz of the links, if
any, between science, technology and development and the strength or weakness
and the precise nature of those links. A proper appreoach to understand
these links may be through an initial historical study cf changes in
developed countrics like Britain, Germany, the USA, the USSR and Japan. In
order to discuss Physics and Development in relation to Sri lanka it is
instructive to study (i) the presence, if any, of the essence of Science

and Technology in Sri lLanka before the period of colonization, i.e, before
the 15th century (ii) the status of science and technology, ecohomic, social
and political structure of the colonizing powers namely the Portugese, the
Butch and the British at the time of colonization and the characteristics

of these colonizing powers which had enriched of stifled the growth of Sri
Lanka {(iii) the way imported technelegy, mostly in the form of imported
machinery without adequate transfer of the associated technical know-how,
has diffused into the Sri Lankan society after independence. These three are
areas of research. But for this paper, from a cursory view of the inter-
national and>national scene on science, technology and development the
importance of suitable training programmes in general, and in particular,in

Physics and Mathematics is discussed.

2, UNDERSTANDING DEVELOPMENT

Development i1s a process of total change. 1In man it inveolves a change of
values. A change from negative values such as fatalism, superstition,
passivity, fear, elitism and self-centredness to new positive values. For
example the change can be from fear to courage, from superstition to
rationality, from silent passivity and fatalism to creative initiative.
Well thoughtout training programmes within an educational sysic can bring

about this transformation.

For the whole nation the process will be one of movement towards changes in
areas of economic, social, political and cultural structures. All this has

to be brought about through man. Political and cultural changes will not
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be discussed in this paper. But only social and economic development measured
in terms of gpods and services produced through the application of Science
and Technology will be discussed . For the sake of completeness we shall
formaily define science and technology. Science is the accumulation of basic
systematic knowledge of the universe with its natural resources; and
technology is the application of such knowledge to the construction of a
pool of ideas useful in the production of goods and services which are

assumed to contribute towards social and economic development.

5S¢ we shall focus cur attention on two brozd areas of development, namely
(i) development of man through a change of value systems and (ii} soeial
and economic development brought about through production of goods and
services from the application of science and technology. Broadly this

involves the development of the human and natural resources of the country.

Science has gone a long way in trying to understand the natural resources
but the development of man is yet to be given the pride it deserves. &
development programme with emphasis only on the development of natural
resources cannot make a happy and contended nation. For, a nation with
material wealth but with only avarice and self—centred people can never be
harmonious, Therefore we look forward to anintegrated develepment of human
and natural resources. Yet ultimately, since it is through man that changes
have to be brought about, the major emphasis should be on Human Development.
The transformed man with a new system of values will have (a) self esteem,
self reliance, self dignity, (b) critical thinking and consciocusress (c}
desire and aspiration to respond to societal happenings which affect life
situations and (d) inspiration and capabilities to change and transform life

situation for the better.

3. SCTENCE AND TECHNOLOGY

It is accepted as pointed out by Ranis [1] that technolegy contributes to
social and economic development of a country through gocds and services.

But the linkage between Science and Technology as Ranis points out is



subject to a great deal of time variance and uncertainty. It is best to
find out how Science and Technology brought about the transition to modern
growth in Great Britain, Germany, the U.S., Japan, the USSR and China. but
the USSR and China have been left out in this discussion purely because of

the author's inability to find the time to collect relevant data.

According to Ranis, Britain's early lead based on such industries as

)
textiles, metals and brewing was developed on the basis of. 'tinkering'
rather thean on new scientific insights. Even the smelting of iron ore
presumably was done without a knowledge of the chemistry of oxidation or
reduction. Caldwell [2] attributes the decline of British leadership
largely to the fact that British technology was substantially "empirically-
based" rather then "ecience-based"., But Ranis points out that the
explanation of Britain's relative decline to its failure to perceive the
existence of a direct link.between basic science and technology does not
serve a useful purpose, because of the relative success of the US experience
jn the last half of the 19th century. The base for U3 technology change and
its associéted growth pattern was clearly "empirical” in the sense that the
US exploitation of the idea of mass production with interchangeavle parts,
which gave it a commanding lead in the mechanical engineering industries,
can alse be said to have emerged from trial and error method applied to
largely imported technology.

Japan represents the case of a small latecomer country that can today be
definitely labelled "mature". It also developed on imported technology,

but it is instructive to note that it took the Japanese relatively little
time to recognize not only that imported technology had to be carefully
selected but also that for maximum effectiveness, it had to be substantially
adapted to local conditions. The Government spent relatively little effort
or resources on the advancement of pure science as Ranis points out. Yet

the guick, empirically based response of Japanese engineers and industrialists
would not have been possible withocut a strong and well-dispersed educational
base, both general end technical, which had been part of the Japanese scene

from the beginning. To borrow wisely and to adapt requires as Nakayama [3]

-8~

points out, intermediate level scientific manpower, not "big science" or
heavy R & D expenditures. In this sense we may detect a strong parallel
with the 19th century US case: pragmatic borrowing of technology from abroad,
plus extensive indigeneous technology change supported by high, well

distributed levels of scientific and technical literacy.

The position in Germany in the 19th century  was. different from those
described above. Their development was science based. They established a
network of technical and scientific institutions at various levels that
were to provide formal training in fields ranging from engineering and
mechanics to manual arts and design. Encouragement was provided through

expositions, awards, subsidies and technical advice.

From this cursory look at development in few countries it appears at first
sight that one has teo decide between & science based development of
technological innovation or an empirically based develcpment. But this is
not the case, for as Ranis points out, for technology change to ocecur,
something has to be "in the air" in the form of recent or past improvements
in our basic understanding of the environment,even if the innovator himself
is not a scientist working in a laboratory. It is not possible for
innovations to develop in a society "wholly barren of science".

Therefore a nation importing technology, if it is to develop should be
able to borrow wisely and adapt. This can be achieved only through well
distributed levels of scientific and technical literacy among its people
with a strong desire to transform life situations for the better through
their critical thinking. This will create an atmosphere of "science in the
air" conducive to technological innovations. Since Sri Lanka has been
importing technology, mostly in the form of imported machinery only, since
independence, this method of development through proper training programmes
may be planned . But this training programme will not be complete and
effective without input, for its planning, from a study of the ancient
irrigation schemes and the hydraulic engineering and the impact that

colonization has had on the Sri lLenkan society.
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4. SCTENCE AND TECHNOLOGY DEVELOPMENT IN SRI LANKA

Three broad periocds in the history of Sri Lanka have to be considered in
planning a Science and Technology strategy. They are (i) the ancient
history with the great irrigation schemes and the hydraulic engineering of
that time (ii} the period of colonization by the Portugese, the Dutch and
the British (iii) the post independence pericd and the beginning of imported

technology.

An in-depth study of the skills in hydraulic engineering and the crafts and
hew they were utilized in the society in Sri Lanka at that time is necessary.
It will also be necessary to identify if possible the existence of these

skills in the villages in Sri Lanka at the present time.

A few rémarks on the ancient engineering skills in Sri Lanka will be useful
at this stage. Brohier.[a] records that according to an assistant
government agent in 18%55: "It is possible, that in no other part of the
world are there to be found within the same Space the remains of so many
works of irrigation which are at the same time, of sﬁch great antiquity,

and of such vast magnitude as in ceylon. Precbably no other country can
exhibit works so numercus, and at the same time so ancient and extensive,
within the same limited area, as this island". Brochier records three areas
of engineering skills in these irrigation schemes namely: (i) slices placed
under the bed of lakes to regulate water supply to paddy fields, constructed
probably more than 2100 years ago (ii) machinery tﬁ raise water level

constructed as early as 19 BC (iii) surveying and levelling.

In order to under;tand the changes that cclonization brought about to these
skills and their practise it will be necessary to study the status of Science
and Technology, and the social, economic and political structure of the
Portugese, the Dutch and the British at the time of colonization and the
influence these had on the corresponding Srilankan situation. This study;
it is hoped, will assist in the proper Merging of the imperted technology

with the local skills.

- )~

After independence there has been an import of technology. It will be
necessary to do a detailed study of the impact that these have had in Sri

Lanka.

But before planning such a strategy after a proper study it is necessary to
take few steps from a broad and general understanding of the situation in

the country. One such area where this is possible is education.

5. EDUCATICN IN SRI LANKA

For technclogical innovations to have an impact on the social and economic
development of the country the society's national capacity to select proper
technelogy and adapt it to differing environments should be increased. The
calls for a hiéh, well distributed level of scientific and technical
literacy in the country. But this literacy has to be in the hands of
people with self-reliance, critical thinking and consciousness, desire and
aspiration to respond to society happenings which effect life situations
and inspiration to transform life situaticn for the better. That is, our
training programme in addition to imparting a technical knowledge should be
s0 organized as te involve the participants in the prosramme. But the
educational programme in the country is unable to play this dual role. The
main reason for this is the undesirable emphasis placed on Examinations
used to select people for the Civil Service. 1In schools as well as in the
Universities students prepare to answer questions at examinations. The
training aspect in which the trainees play a partecipatory and active role
is minimal. This should give way to teaching situations which promote
critical thinking, power of analysis and provide a forum for dialague
between different people allowing exchange and synthesis of ideas of
techniques and of motivation. This change while imparting technical

knowledge will at the same time ensure the progress of the participants.

As an example let us consider the situation in the Faculty of Engineering

of the University of Peradeniya, in Sri Lanka. A major diffieulty facing
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this institution is the poor standard in physics and mathematics of the

new entrants. Most of them have done relatively few or no experiments in
physics in their schools, It is difficult for such students to cope with
work in any laboratory in the Faculty of Engineering. Students in scheols
pay minimum attention to understand the subject matter but put all their
effort in preparing for examination questions. They spent mest of their
time in tutories which prepare them for examinations. Emphasis on examinatiocn
without any training in physics and mathematics cripples students' ability
to analyze, critically think and to dialogue on the subject matter. This is
true at all levels in schools and in the University. There are of course
exceptions in schools as well as in the University. But generally this is
the situation. One reason for this situaticn is the stiff competition to
enter the University, the selection for which is through examination
performance. Also for many a degree certificate is the only way to a secure
and good employment. Training in technical colleges and vocational training

centres has still not become as attractive as it should be.

Also inthe University the - situation is no better. . In the Faculty
of Engineering a.l students, about 250 in number, feollow a common course
during the first twe years. Formal lectures are given to the whole group with
almost no nartecipation from the students. This only reinforces the typical
VEY%?learning practised by many students. For the practise of science an
active participatory role through which critical thinking can be promoted
instead of a passive one is essential. The learning situation should
consciously promote exchange and synthesis of ideas, of techniques, and of
motivation. Without this kind of training at the University technical
colleges, and vonrational #-mining centres one cannot expect proper adaptation
of imported tecnnology to suit local conditions and the emergence of

technological innovations.

This kind of training programme will require the services of teachers not
only competent in Physics and Mathematics but also sensitive to the art of
improvin: inowledge, In Sri Lanka at the moment the teaching profession is

used by many only as a stepping stone to move towards a more financially

- 2u4-

rewarding profession. This situation should be reversed.

The teaching of Physics and Mathematics should not be isolated from its
relevance to local conditions. In this context the next basic resource
comes to tﬁe fore, namely the natural resource. Science can seep deep into
our social structure through a process of a search, analysis, and
qualification of renewable sources of energy in the country. A thorough
study of these resources requires a sound training in Physics and
Mathematics. At the same time a study of the resources of our environment
can strengthen the understanding of Physics. At this stage it is useful to
draw attention to the scientific and ambiticus methods aimed at conserving
the abundance of water dispersed over the plains during the rains of the
two monsoons in ancient Sri Lanka as recorded by Brohier. The country at
this stage is called upon to understand and conserve its renewable resources

as in the past.

In schools and in the Universities it is desirable as far as possible to
draw attention through the tgaching programme to the importance of energy
and national development. The purpose would be twofold: {i) to appreciate
the concepts in Physics through a practical situation (ii) to demonstrate
the relevance of their studies to lives cof people in.the country. This can
instil in them a desire to use their talents for the benefit of the society
and cpen the possibility of a pioneering spirit in them which existed at the

time of technological development in Britain and the USA.

The develop a teaching profession which while being competent inPhysics has
alsc the ability to integrate into the curriculum the natural resources of
the country and is at the same time sensitive to the art of developing the
students, needs the formulation of a definite programme. It can take the
form of regular meetings of teachers of Physics and Mathematics from schools
in certain areas with specialists in the subjects and educaticnists. This

can be a form for the exchange and evaluation of experience and ideas.
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6. CONCLUSTONS

{i) A study of the status of technolegy during the three broad periods of the
history of &ri lanka, namely hefore colonization, peried of colonizabion,
perind after independence will assist in the organization of training
programmes in technology, development of curricula in scheools and in the

universities and in the formulation of development strategies.

(ii) Adequate emphasis should be given to the development of persons in all
training programmes including Physics and Mathematics and it should be

integrated with the teaching-learning situation.

(11" The trend in which the teaching professiocn is only a stepping stone

towards another preofession sheould be reversed.

iv) The sensitiveness of teachers to the development of students as persons
should be improved.. Also their ability to incorporate into the
curriculum in Physics the natural rescurces of the country should be

improved. It is necessary to evelve a programme to develep these.
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FHYSICS AND DEVELOPMENT IN EGYPT

Nabil A, Eissa

Physics Department, Faculty of Science, Al Azhar University,
Nasr City, Cairo, Egypt,

ABSTRACT

A brief review is'given of the economic dats relating to the
development. of Egypt, and of education in general with emphasis on
physics educationat the different teaching levels. The situation
of scientific research and physics research is presented. A
Proposel is offlered to conduct research in Egypt. T state the
objectives to be realized through my Associate Membership of the
ICTP,
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I, BCONOMIC DATA RELATING 7O THE DEVELOPMENT OF EGYPT:

1. OVERVIBW:
The geographical and demographic characterisiies of Baypt

delin~eate its basic economic problem. Although the country
containg about 386,000 square miles, only a narrow atrip in
the Nile Valley and Delta is usable. The area of 15,000 square
miles - leas than 4% - ie practically used. Without the Nlle
which flows through Bgypt for about 1000 miles, the country
would be part of Sahara, Crammed in the habitual drea ;a 8%
of the population, estimated at more than 45 millions giving

a density of more than 3,100 per square mile. The population
is growing rapldly and is eatimated $o0 have doubled since 1947,

Lapd reclamation has increased the cultivated area by
about 5% since 1947. More extensive cultivations hap to some
extent moderated the effects of the deterioration In the man-—
1apd ratio but even so the cropped area has lncreaged only
from 9.1 million feddans to 10.8 million feddans (less than 20%)
in the same period. Each feddan is now expected to suppoart 3.5
persons compared to 2.1 in 1947,

Thege two themes, the relatively fixed amount of usable

land apd the rapid growth of the population will be seen as
the leitmotivs in the discussion of Egypt'a economloc problems.,

The resolution of these problems~difficult under the
most favorable circumstances — is complicated by the fact
that Bgypt was in war since 1967. The physical infrasiructurs

hag detericrated considerably because of inadequate investementa.
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2. OVERALL DEVELOPMERT, 1952-1976
a~ The 1955-1965 Decade

This decade witnesmed fairly rapid and sustained economic
growth ag well as a major atructural transformation of the
economey, Industry and services increaged their ghares of both
total oufput and employment, and within industry the composition
of output shifted infavour of intermediate goods and consumer
durables. At the same time the transion was made from a free
Pprivate interprise system to an economy characterised by a
atate planning, public omership of modern means of producticn

and wide-ranging admingtrative control and policy interference.

¥~ Tha 1965-1975 Decade

In the decade the economy could no longer gustain the
pace of high economic performance, largely becauss regources
were being diverted Inte defense and aid flows Zrom the west
inturrpted. The rate of economlc growth declined mteadily.
Some figures about the gross demestic product (GDP) and the

per caplita income.

Between 1960 and 1976 the (GUP)} at = market prices
increased at an average annual rate of just over 5%. Much of
the increage, howaver, wasg eroded by the rate of population
groth, gc that the per capite income improved only from about '
LE 65 to LE 1C0 (#n 1965 prices) over the sixteen years period,
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that is about 2,7 percent & year, This growth In per capita

income occurred at an uneven rate:

- Betwoon 1960 amd 1965 the average rate was 4.2% annually.

~ Between 1966-1973 it dropped to less than 1%, In 1966-1968

and 1972 there was actually a fall in real per capita incoms.

The prezent and future are not without oppertunities.
There are prospecis of earning from petroleum, revenuss from
a widened Suez Caral and increasihg remittances from the
Bgyptian's working abread, Other assets include the
oppertunities from touwrism, the cultural and political links
with the capital surplus Arab counfries, the location of the
country (in the Liiddle Bast but well placed ifor Eurcpean
marketa), and a personally well trained labor torce, The
Egyptian economy thus persseses considerable potential in
longer termsa.

Aftter concentrating on the eccnomy in general, I would
like to throw some light on Bducation in general with emphasis

on Physiecs Education in Bgypt.

3- EDUCATION:
The Structure of the System:
Most Egyptlan children attend school, if only for a
relatively short time. In the mid-1970g more than 4 mlllion
gtudents were on the rolls of primary schools, and about 1.9

million were intermediate and seccondary students., The compulsory
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education law requires all children to whom facilities are
avallable to attend six years (will extend f::n;9 years) of
elementary school beginmning at age oix. It 1s estimated, -
however, that about 20 percent of sixz-year-olds fail to enter
primary school, and émong thoge nominally enrclled, & number
fail to attend claases with any regularity., The attrition
rate from one grade to the hext ig high, especially among
girls, many of whom complete ne more than a year or two of
school, Bven among boys, authorities note that many fail to
achleve permansnt literacy. Most parenis, however, have come
to recognize the destrability of modern education, at least
for their gonsg, The kuttub, a religious mechool attached to a
mosque, has boen replaced by the publie primary school as the
institution of maps instruction, but in many villagea it
continues to provide supplementary courses in religiouns

gtudies,

After gaining an elemontary knowledge of reading, wri-~
ting, arithmetic, history, geography, science, amd other
subjecte in six years of primary educat-ion.' the student sits
Yoar the Primary Certificate Examination administered by the
Miniatry of Educa'tion. The number of students passing this
examination has risen steadily from about 150,000 in 1967 to
over 320,000 in 1972, (In 1976, 73 percent of those taking
the exam, passed it.)' They are then admitted to the three-yesar
preparatory program that culminates in the General Preparataory

Certificate Examination. This intermediate stage of education,
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1s intended to allow students to explore thelr saptos and

ap'titudaa go that they can meke approprinte cholceg at the
more gpecialized secondary levels. Observers note, however.
that ecause gtudents are asaigned to gecondary programs on
the wamig of eznmination grades, they tend to avoid experi-

mentation with unfemiliar subjects and to concentrate on rote
learning.

About 10 »ercent of those who begin achool reach the ‘
secondary grades; in 1975 a‘hoﬁt 310 000 students (67 percent
of thoge participating) ’aased the preparatory oxaminat:lons.
Secondary achools offer a number of curricular optiong in two
wroad categories, the general or academic and the'vaeationsl or
technical. The academic student mey choose either a sclentific
or a literar: program in the second and third yearg. Yooational
and technical secondary ¥rograms are offered in variaty of
t rades, .'I.ncludiné commerce, and about 51 percent of the
gtudents enrolled in them in 1974—75.

Awout 100,000 gtudents s yoar pags the exsminations
that complete the mcademic gecondary program, and anothe:g-
90,000 do se in vocationmal subjects. In doth cageg, this i
wag about 70 percent of the students participa.ting in 1974-75'
In the late 1960s3 about two-thirds of those finighing aeademio
secondary schoel continued their education. By the mj.d-19703.
largely Wwecause of the government's employment wolicy, this

had grown to three in four.

-25%-



The major respongibility for formel education and
training lieg with the Ministry of Bducation (MCE) and the
Minigiry of Higher Education (MOHE), both of which are headed
»y the same minigter. MOE is regponsibvle for primary, pre-
paratory, general, and technical gecondary schools and for
primary teacher tralning. MOHE administered the higher
institutions in the past wut iz now responasikle only for
postgecondary technical training. The ten universities are
autonomoug in their internal administration, sukject only

to the supervigion of a Supreme Council for Univergities,

an advigory body chaired by the minister of higher education.

The technical ingtitutes are more or less autonomous,
forming part of the university system. They offer gpecialized
ingtruction in a number of fields inciuding commerce, indugtrial
gsubjects (auch as electronica}, home economics, teaching
(including art eduction, music education, and physical
education), social work, physical hherapy, and tourlsm.

Their curriculums and physical facilities are in the process
of being upgraded to university standerds. A private univer-
sity (the American Univergity of Cairo) and several private

ingtitutes also exist,

Vocational training is also provided by various ministries:
industry and Mineral Rescurces; Housing and Reconptructionj

Agriculture; Health and Social Affiars. The Ministries of Health
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and of Touriem alsc offer pogtsecondary technical training.
In 1976 the output of people with vocational skills in the
sndustrial apd construction frades wis only about 2,600 and
1,800, respectively, sush less than the average annual demand

projected for the 1976-86 period.

PHYSICS EDUCATION:
a- Physics Bducation In Schools (Secondary) Schools

gtudents starits vhysics educaticn only through 3 years
in secondary schools before they join fhe university, Before
this stage, physics is taught as ceneral sclence in the
preperatory schools as well as chemisiry. Physica subjects are
emphasired starting at the secendary school. The subjects
taught cduring the secondary school are of deseriptive nature

rather than an apalytical one.

b- Physics Bducation In Universiticos

Students joining the university in Medlelne, pharmacy
gtudy physice for 1 year, This iag more or less the same sub-
jects studied in the secondary schcols in more details and in
English language. liogh engineering students study physics far
2 yeara where they have a bettar chance of the physical

concept in more details.

Physics students attend z four years gourse in the Faculty
of Sclence - Table (1) shows the number of graduates from
1972-1961. s it could be obmerved from the table, the number
of gtudents readipg physlics in the Faculty of Science ig decrea-—
sing., This could be attributed 4o the difficulty the graduates

meet in order to get a job.
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Physics Graduates from different Paculties of Sclences,with

Table 1l:

Total Physics Graduates from Fasultiesof Education for compariscn.
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On the other hand table 1 shows the total number of
gtudents reading physice in the Faculty of Education. As
can be obgerved, the number of students has almost 8 folded
in the last years. This is due to the lack of teacher in
Egypt as well ap in the petroleum producing countries that
speak Arablc.

8tudents Standard:

The standard of the students reading physics is
unfortunately degrading because of the limited Facllities
avaiable, At the same time the total number students study-
ing physics is increasing. The professorial staff in the
new universgities is very limited indeed. Thle implements
the need to employ part-itime professorsewhlch reduces the
contact with the professor that reflects on the students

gtandard.
In general one can say that students suffer the
following: .

- They can not use high mathematicsa.
~ No demonstration experiments or education films are

available.

= The students english language 1s poor.

- Laborataries are very poorly squipped.
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M.Sc. Students:

M.Sc. in all the universities is based upon nearly
8 hours course plus a digsertation. The courses are taught
for two academic semesters, Unforturately what goes for
the undergraduates applies to the M.Sc., students. But in
the postgraduates case, the nuwber of students is much

smaller, around 3-4 students per c¢lass.

Ph. D. Students:
Fh.D. degree is achieved through research only. It

1s a direct contaet between the supervisor amd the student,

Regearch in general suffers the following:

= Lack of full~time Students and supervisors.

- Poor planning ané laboratory Facilitisa.

= Lack of technical staff for maintainence of equipments,

- Most of the research 1s conducted for ths sake of promo-
tion, Group repearch is not yot established and whieh

geems to be Aifficult as in most developing countries,

Recommendations:

At this stage one might mention scms of the recommene

dations of the Arablan carference for development of teaching

physics held In Cairc in the January of 1983:

= Physica ghould be taught in Arabic up to the final year,

Text books should be translated inte Arabie, On the other

hand English should be taught an independantly as a languags.

..2'63...

Scientific conferences should be encouraged.
Secientific physics journale should be available,
Warkshops $o build physics equipment should be aset.
Also technical stalf to maintain suech equipment ought

to be trained.

Financial status of professonal staff should be improved,

4 reagonable profesgor to student ratio must be conside-

red,

Sunmer Schools and workshops 1b physiecs must inecrease.
Bagle courses in physics in different aniversities

should be unified.

It ig recommended to have fthe full year system for the
firet and second years, then the credit hour system for
the final years; where selective and compulsory courses
ara introduced. This is aimed 1o prepare the atudents
towardés applied f£ilelds such as: Nuclear Evergy, Polymers,
kadiastion physics, Geophysics, Health physics computer

gience and Enviromentil problemso.

Sunmmer training for SLQ year students should be arranged,
The establishment of & gpecialised research centers in
physics such as Wuclear Bnergy, Solid State, Blectronics

or Geophysicsa.
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- Co-operation between production sites and research

groups in order to solve production problems. 3) Specialized units in different authoritiea. This
G- SCIENTIFI¢ RESBARCH IN BGYPT: represent 50 research.units begides regearch centers in
Seientific Research in Egypt is conducted along three industrial and agricultural organisations. These units or
different axest centers are mainly concerned with applied rescarch and sewves

a particular purpoase. Such centers hag fullfiled many
1) In Universities, where most of the subjects are of

guccesagful joba i.e. in developing some agricultural orops.
academie nature. Results of limlted projects could be

atilized in practical fields such as those carried out In general research centers and institutes lacks the

in colleges of Agriculture, Engineering, Medicins and following :-

Pharmacy. ' 1. Up to date information center.

Universities includes includes 16 institute and 2e Coordingtion wetween the different centerg in order teo
specialized centers, besides the research conducted in avold duplication and to concenterats on Nat%°n51 needs.
the different departments in the colleges. 3. Technical staff required Yo assisy the researchersi

' 4. Developed equipments.
2) Applied projects under the supervision of the Academy

5. Non pirccratic admingtration.
of Selentific Research apd Technology through 6

) 6. Rules organising the wehavior of profegsional researches.
institutes and research centers., The Academy Sponsors

7. General National policies that creats need to such
as well research projects in different places.

organigation.

Tne academy research plan is concerned with the 8, Ingentive that correlates between the re earch results

nat10981 production 2s well as the major services of the and its outcome.

country. 4 good admipstrative system to supervise its 9, Supporting establishments complementary to acientific

goheme of work was developed in 1978, This system needs research e.g. Techno-Ecnomical Feasi®ility studies,

turther support in order to have it completely gettled quality controf  and high standand consultancy sstawlish-

i its range of activity.
and enables it to widen i gl J ment g,
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6~ Physics dessarcht

Physics mesearch in Egypt is almost academic and
is cenducted mainly in the ovhysics departments in univer-
gities. Promotion system for the staff members trom
lecturar to professor is mainly dependant on the scienti-

fic work of the starf member.

Due to the poor raciiities in the different depart-
ments and to the fact that stalf members are fairly busy
during the academlc year, many of them travels sbroad to
piaces like the ICTP, in order %o catch up with recent
achievements.

The research prejects in departments are financed
through the loeal physics department budget which is
very limited indeed.

Roecently the Acadomy of Sciences started tc sponsgor
some research projects in physics in the field of lager

technology and high energy physies.

HOW RESE.. L Call BE CONDUCTSD TH EGYET:

I think that the following proposals canh push
forward scientific research:
1= Full-time stoff members who are well paid relative
to their society.

2~ 3toff members should be forced towards group work to
excute an approwed national resgearch plan which should

not be $oo ambitious in the begining.
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Simple equlipment whose gnare parts are 2pailall
should be alweys choosen, with highly frainad

tech icians,

Sceontific literature should be anmailable.

Contacts with external scientific world should be
well organized.

The scientific research can include the followihg
Tields:

Conventional and non=conventicnal energy sourceg-
Natural rescrces~3emicorductor technology=iicropy om
cegsor technology-Envirommental studies (Pollution—

Food security- Housing materialS.......)

Contribution to the development of Epypt:

I hope that my Associate ..embership would help me

fulfill the following objzctives:

To put a pew gyllalus Tor teaching of physies in tha

Faculty or sionce, Al Agzhar University.

I established a regearch group in the rield of
Mosgbauer spectroscopy (22 M.Sc. + 15 Ph.d). This

field sgtarted to spread in our geographleal region:

g0, I hope to establish a Regional center for Mossbausr

spetroscopy at Al Aghar University in Cairoi&yom%&*hQIHE;A.

——
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PHYSICS AND DEVELOPMENT IN ZAMBTA
1. GEOGRAPHY

P.C. Jain
The Republic of Zambia, a large country in south

Physics Department, University of Zambia, P.O. Box 32379, Lusaka, Zambia.
Central Africa, shares 1its borders with eight other
countries, It is besrded on the south by Mozambique,
Zimbabwe, Botswana and Namibla; on the west by Angola;
on the north by Zaire and in the east by Tanzania and
Malawi., It covers an area of 752614 square kilometers.

ABSTRACT

For administration purpcses Zambia is divided into nine

X X L. e provinces - Neorthern, Easterm, Lusaka, Southern, Western,

In this paper an overview of Zembia is presented by describing

and furnishing data on such aspects as geography, economy, education, North-Western, Copperbelt, Luapula and Central (Fig.l) =

energy resources and sclentific research, Various problems in the and these are subdivided into districts.
development of the country have been pointed out. The present state
of geientific research and development is described and the reole of Zambla is a landlocked country. It must therefore rely

science and technology, in general, end physics, in particular, in on its neighbours for access to the sea. Also, it has

the development of the country has been highlighted. Broad priority
no navigable rivers. However there are several large

areas for scientific research and development in the country have been
identified. in-land lakes including Lake Bangweulu, Lake Tanganylka
and Lake Mweru in the Northern and Luapula provinces, and
Lake Kat;iba which forms part of the Southern border with
Zimbabwe. Although not of major transportation for import,
these lakes do offef a potential for commercial fishing
and possibly irrigation.
Zambia is situated between a latitude of ahout 8°S to
18%5 and longitude of about 23%E to 33%. The climate is
tropical, but for the most part, is tempered by the
country's higher altitudes which range from about 950

" to 1500w meters. The climate is mild for most part
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of the year - the yearly average minimum temperature being
about 9°C and the maximur about 32°C., Fertile soil,
adeguate rainfall (barring the occcasional drought) and

the mild climate make it possible for nearly year-round

Bhout 65% of the people of Zambia derive their living
from agriculture. The mining sector employs approximately
16% of the wage earners in Zambla, The expatriate

population, comprised mainly of Europeans (mostly British)

planting; however, Zambia is presently cultivating only and Asians, numbers approximately 80,000 which figure

5% to 6% of the estimated 50% to 60% total land area is down considerably from a one-time high of about

considered to be immediately arable, 100,000, The majority of the expatriates are employed

i industries whose main commercial
DEMOGRAPHY in the mines or by

. ; . z d o from the mining sector.
The populaticn of Zambia, increasing at an annual growth uemands come g

j ol
rate of 3.2% over the last decade, was estimated to be 3. ECONOMY
5.83 million in mid-1980 representing in excess of 10
i The Zambian econcomy is heavily import. dependent. The
different tribal groups. The main languages spoken are
foreign exchange necessary for imports is earned mainly
English (the official and commercial language), Bemba,
through its mining industry. Copper alone accounts for
Nyanja, Tonga, Lozi, Lunda, Luvale and Kaonde with a
about B0% of its foreign exchange earnings. As a result,
host of local dialects., Population density as in most
the Zambian economy has been very wvulnerable to the world
cocuntries varies subtartislly between the urban and rural .
copper prices and has suffered violent fluctuations due
areas, with about 40% of the total population concentrated , o
primarily tc fluctuations in the copper price (see Table 1
in urban areas and particularly along the line of rail from \
and Fiag. 2). Efforts to diversify the econcmy by expanding
Livingstcne in the Sou th through Lusaka to the Copperbelt . \ mited
N agriculture and industrial production have met with limite
towns near the Zaire border (Fig.l). The pepulation growth . . . 2 .
success. Before 1975 the fluctuation 1in prices tended in
in the urban areas far exceeds that in the rest of the f
the long run to balance each other ard the balance of
country and results mainly from the continuine rural exodus . . ;
’ ’ 7 payment situation was not bad. However, the rapidlv increasing
of unskilled labourors to urban areas. As in other s
demand for imports due to Zambia's denendence on forsign
courtries in this szage ¢f develooment, this trerd has . .
M techncloagy and expertise, machinery, scares and a wile rance
produced unemvlovrat and other social oroblems, as ;
of focd stpffs such as wheat and more recently maize,
the nurber of new - age-earning jobs could neot keen pace .
) T ’ vecetable cils and orotein ané dairy products and t! e subsequent
with this accelery .ted growth., . . .. Ader
collapse irn 1975 of the copner prices sent the oo try undes
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a massive deficit in the current accounts.

The situation has not improved much since thenexcept
during 1979 when the overall balance of payment reoistered
a surplus due to a short-term recovery in the copper prices
and a significant improvement in the trade account.
Presently Zambia has been undergoing great foreign ex-
change hardships inhibitirc the imports of essential

raw materlals and equipment and resulting in underuti-
lisation of its resources. Faced with the economic crisis
it has been seeking finacial assistance from the IMF and
other international donor agencies and had to devalue

its currency, Kwacha, by 20% (at present, 1 Kwacha = U,S,

g0.82).

3.1. MINING

Mining has been the most important secter in Zambian
econcmy, Which is almost entirely dependent on it for
its foreign exchange earnings. It is the fourth larcest
copper wroducer in the world after " the U.S.a2.,

the U.S.S.R, and Chile. Mining as a sector of the whole
economy contributed 29% to Zambia's total gross domestic
product (GDP) in 1980 (Table 2). Copper alone accounted
for about éo% and copper and cobalt for more than 90%

of Zarbia's total foreign exchange earnincs with an
pdditional 5% derived mainly from lead, zinc and tckacca

{Tablev 3).

- 2'13...

As a result of its heavy dependence for foreign exchange

on a single item, Zambia's fortunes have always been

coupled with the copper prices in the international market.
Since 1%66 Zambia's copper has been sold at the prevailing cash
settlement price on the London Metal Exchange (LME) which

has been subjected to a series of wide fluctuations,

Favourable prices during the late sixties were quickly followed
by sharp declines in 1971 and 1972; however, a boom in copper
as well as in other commodities in 1973/74 brought record

high prices throughout 1974 of X1326 per tonne, having at one

peint during the year reached an all-time high of K2000 per tonne.

The boom was short-lived as in 1975 the price dipped to an
average ofK794 per tonne Que to decrease in demand. Over

the next three years (1976-78) the prices did not improve

much due to overstocking, the average annual selling price

for the three years being slightly in excess of X1000 per

tonne in spite of an improvement in the world consumption.

The year 1979 witnessed a recovery in the copper nrice followed
quickly by a long pericd of decline in the prices, which have

started picking up. only recently,

3.2.AGRICULTURE

The climatic and topographical conditicns of Zambia are such that
it has a recognised vast potentizl for agriculture. 50% to 60%

of the total land area of Zambia is estimated to be immediately
araklz, but only 5% to 6% is being cultivated presently. Since
independencé self-sufficiency in food production hag heen a

prim: -y goal in the covernment's varicus development plans.
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Unfortunately, progress in the realization of this goal

has been slow due to various reasons like almost complete
dependence on copper, rural excdus, shortage of skilled
manpower, lack of availability of proper equipment and spares,

shortage of foreign exchange and lack of irrigation facilities,

The principal cash crop as well as staple food for the

general populaticn is mé?e. Other food stuffs actively
produced include beef, pork, poultry, wheat, sugar and

groundnuts, Zarbia alsc produces tobacco which 1s the

second largest cash crop and cotton (Table 4).

3.3 MANUFACTURING

Manufacturing as a contributing sector to Zambia's economy

is the youngest of the major economic activities 1in term

of development, in that the mining and agricultural sectors
were reasonably well established by the time of indevendence
whereas the increasing local denand.for manufactured goods
was being met largely through imports. Under the Central
African Federation scheme, Zambia provided the raw materials
while Zimbabwe provided the finished coods, Under the
protective umbrella of cclonial rule, there was no apoarent

need or incentive tc expand local manufacturing capabilities.

With independence in 1964, a cor-ination of naticnal n»nride
and econcmic necessity resulted in a substantial crowth

in manufacturing cutput. ™p urtil 1972, the manufacturine
-sector gyew at an annual ra*e ¢©° 15% in real terms. Growth

was achieved in virtuallv all i Justries but particular

successas were achieved in chaer cals, textiles, clothincgc,
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manufactured food-stuffs, beverages and tchacce. By 1970,
the manufacturing sector's contribution {exclusive of
copper refining which is class%ied as part of mining
output) to the total GDP was 11% matching that of the
agricultural sector, In 1971, the sector's share in total
GDP suspassed that of agriculture, a trend that continued
until 1976 when the roles were once again reversed,

Since 1976 manufacturing has lagged marginally behind

agriculture as the third major sector.

The early growth of the manufacturing sector was pfincipally
attributable to efforts at import substitution as it
relates to supplying the mining sector. Further growth
was curtailed due to the manufacturing sector's dependence
on lmports of both raw material for the production process
and plant and egquipnent on a regular replacement basis

to maintain production levels. Zambia's foreign exchange
shortages have severely coéﬁrained such imports and
consequently curtailed production., Since 1975 the manufa-
cturing sector has been on the decline {Table 2). Never-
theless, the manufacturing sector has been an important
sector contributing significantly to the GDP, After
mining, the manufacturing sector and the agricultural

csector have contributed maximum to the GDP.

among the major manufacturing operations presently in
Yambia are the following: two breweries, a sugar refinery,
edible cil products, Kafue textiles (manufacturing clothes),

Kabwe Industrial Fabrics {making sacks and ropes),

Nitrogen Chemicals of Zambia (makingpmmonium nitrate
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fertilizers), Kafironda Ltd {(producing explosives for
the mines), Chilanga Cement Factories (wmaking the
country self-sufficient in cement products}, the Kapiri
Mposhl glass bottle factory, Livingstone Motor Assemblers
{(assembling~ cars), Also included are the bunlop car
tyre plant, sulphuric acid plants (for the mines}, Zamefa
({making semi-manufactured copper products), bus assembly,
a Bata shoe factory and a variety of electrical and
mechanical engineering companies producing goods for the
copper mines,
4.EDUCATION
Due to the continuing shortage of indigenous skilled
manpower Zambia has been facing ever since independence,
education assumes an specially important place both in
obvious development and in the long-term benefit. A
significant progress has been aéhieved in this area, but

a lot has to be still achieved.

At the time of independence Zambia with a population of 3.6
million had a total of only 100 University araduates and a
little more than 1000 with the cambridge Overseas School
Certificate. Less than one in three of the adult ncpﬁlation
had ever been to school and one in thirty had completed a
full primary course, The country's new university was still
at the discussion stace and very few Zambians were being
trained for the professions or for skilled occupations,
“Since 1964 the Ministry of Education has launched an
ambitious programme which has resulted in a steady increase

in the number of student enrolment at all staces. In

~2%x._

1979, there were 2786 primary schools, 125 secondary
achocls, 14 teacher training colleges and ohe University
in the country. The total number of student enrolment
for this year in the primary schools was 996,597 {(as
against 378,417 in 1964}, in the secondary schools 917895
{as against 13853 in 1964) and in the teacher training
colleges was 4406,

The present interim structure of education in Zambia

is depicted in Figure 3. The primary education consists
of seven years of continuous education, the junior secondary
of two years and the senlor secondary of three years. The
students are selected at the end of grade 7 to embark on
the second phase of the basic education, It has been
approved that in the final structure the seven years of
primary and two years of junior secondary education will
be merged to give rise to continuous 9 years of basic
education. However, it 1s not possible to follow this
structure at present due to the limited facilities in
secondary secendary education. The 12 years of schooling
prepares the student to a level equivalent to General

certificate of Education of U.K. examinations.

The University of Zambia, the only university in the
country, has its maln camous at Lusaka. It essentially
comprises of the following Schools! Humanities and

Social Sciernces, Watural Sciences, Engineering, Medicine,
Mining, Law, Elucation, agricultural Sciences, Environmental
Studies ard “ndustrial and Busiress studies. The Schools

of Industrial and Business Studies, and Environmental

Studies are = tyated at the Ndola camous of the University-

-9~



There is a third campus of the University at Solwezli.
Besides, there are four research institutions - Education
Research Bureau, Institute for African Studies, Institute
of Human relations and Rural Development Studies Bureau -
and one Centre for Continuing Educaticn, The student
enrolment of the unviersity for the current year 1982/83
is 4088,

In spite of a significant expansion of education since
independence, a lot still remains to be achieved.
Education is free for all in principle, but only a very
small fraction of the populaticn is able to acquire higher
education due to limited resources and the high failure
rates at varlous stages of education. Only 15-20% of

the students in grade 7 are able to get admission in grade
8. There 1s a further screening of about 50% at the end
of the junior secondary level ané finally only about

10% 0} the students in the senicr secondary class are
able tc get admission in the university. Thus, overall,
only less than 1% of the students enrolled in the primary
manage to procure a seat for the university education.
This is a pathetic situation, particularly for a country
seriously plaguéd by the shortage of hicghly skilled

manpower.

TRANSPORT AND COMMNTCATIONS

iambia, beting landlocked, has had to rely on the coopsration
of its neighbours in oproviding access to the sea. Prior to

W
independence, Zarbia's main trade rote was scuthvard to

- 2¥4-

Rhodesia (now Zimbabwe)l and out through Mozambigue to

the ports of Beira and Maputo, With Zambia's independence
in 1964 and Rhodesia's unilateryal declaration of
independence shortly thereafter, increased tension
between these two states led to a decline in bilateral
trade with the ewventual closure of the Zambian-Rhodesian

border in 1973 forcing Zambia to utilize alternative routes,

The Benguela Railway passing from Zambia's Copperbelt
through Zaire and out through Angola to the port of Lobite
then became the most viable route., At the same time, the
People's Republic of China began its work on the
Tanzania-Zambia Rallway (TAZARA) linking Zambia's rail
system with the port of Dar-es-Salaam. The project was

completed in 1975,

In the meantime utilization of the Benguela Railway was
curtailed by the civil war which erupted in ﬁbola causing
a continuing disruption of services followed by the
eventual closure in 1975 due to guerrilla activities
staced against strategic positions alcng the rail line.
This meant that the only route open was the road link

to Dar-es-Salaam,

The completion of TAZARA was greeted with considerable
expectatiorns, Towever, by the end of 1978, having been
blagued bv a seories of accidents and maintenance delays
coupled @}th c:'ntinuing congestion at the port of Dar -es-

Salaam the opsrating capacity has been much below expectation.
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In october 1978, faced with the possibility of not

being able to move the essential exports and imports

and especially fertilizer required for that year's

maize planting, President Kaunda announced the opening
of the sourthern route through Rhodesia which had been
closed since 1973,

The transport sector continues to have problems as the
limited supply of equipment and spares cannot keep

Pace with the maintenance requirements of both rail and
road transport, and Zambia, not having its own port,

must continue to rely on the cooperation of its neighbours
sharing in the problems of port congestion,

As cf 1979, there were some 5500 km of bitumenised roads
and approngély 800Dimof gravel roads. Construction of
new roads and maintenance work on the existing network

has not been adeqguate due to shortage of funds,

an 8 inch pipeline was completed in 1968 to carry refined
oil from Dar-es-Salaam to Ndola. Prior to that, road
transport was the only means by which petrol could be
brought intc Zambia. With the completion of the Indeni

o0il refinery at Ndola in 1973, the pipeline was converted
to carry crude feed stock.

The telecommunication services of the country are gradually
imprpving. As per the year ernded 3lst March 1982, there

.was an equipoped capacity of 55,130 telsphone lines and
]

32,065 working lines in the country. There were 37 autoratic
and 19 manual exchanages and 26 radio telephone offices. For

telex, equipped capacity was 2048 and working lires were 1436,
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The postal services both inland and external have
been rather erratic, There are a total of 160 post-
offices in the country.

ENERGY

Apart from woodfuels, which 1s mainly used in house-
hold, Zambla relies on hydroelectricity, coal and oil
for almost all of its energy requirements. Before

1965 nearly all the energy supplies except woodfuels
originated from, or were transported through, what is
now Zimbabwe. Since 1965 Zambia has moved from
complete dependence on energy lmports to a high degree
of self-sufficlency. At present the country has abundant
resources of hydropower, coal and woodfuels, But the
country has nc proven petroleum deposits and all
petroleum products are therefore imported,

Hydropower 1s the most important energy resource of the
country. If wocdfuels are disregarded, hydroelectricity
makes up approximately 60% of the energy supplies.
Zambia is a net exporter of hydroelectricity to Zimbabwe.
Production comes principally from the Kafue Gorge and
Victoria Falls plants cperated by Zambia Electric Supply
Corporation (ZESCO) and by the Kariba North and Sou_th
Bank stations operated by the Central African Power
Corporation (CAPCO) jointly owned by Zambia and
Zimbabwe. The total estirated hydroelectic notzntial

of the country is 4000 ™w and the present installed
hydroeiectrzc capacity in Zambia of 1608 MW is well in
excess of the current domestic and export demand of

1308 MW. Based on the future forecasts inelufine

nossible electrification of the minas and the rural
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electrification programmes, it is likely to meet the

u
country's needs upto nearly the end of this centry.

At the time of Independence, all of Zambia's coal
regquirements were met by imports from Zimbabwe. Domestic
production of coal began in 1965 and over the last decade

Zambia has been almost self sufficient in coal.
Disregarding the woodfuels, today coal contributes

approximately 12% of total eneray supplies. The only
active mine 1s Maamba Collierlies and despite its
unprofitiebility caused by marked fluctuations in
production levels, high production costs arfgg from

the use of obsclete equipment, inadequate prices and

the low grade of its coal deposits, there have heen
substantial 13;22 in foreign exchange. Development
programmes, including assistance from the African Development
Bank and the World Bark, are underway to increase
production levels and improve overall profiéability.

The total proven reserves of coal at Maamba are about

58 million tonnes which are sufficient for over 40 years
at the designed production capacity for the mines of

1.2 million tonnes per annum. The current production

rate at Maamba is 610,000 tonnes per vear or about

51% of the desigred rate.

Firewced and charcoal are the major household fuels in
the rural and urban areas. Excessive cutting of trees far
charcoal production has bean the main cause of localized

woodfuel sﬁortages specially in the densely nooulated arsas.

- 283-

In terms of overall energy requirements, 0il makes up approximately
26% (16.5% if woodfuel is also counted), This represents no
significant change over the last five years Jdue tc the govern-
ment's concerted efforts to cut oil imrorts in the wake of a
rapidly increasing fuel import bill., Since 1974 the cost of
oil inpart has risen five-fold approxirately despite virtually
no increase in the velume of oil imported. The courtry last
year imported 748,156 tonnes of crude coil amountino to F213
millior which was about 20% of its total import bill.

The energy demand and consumption pattern of Zambia are
summarizsed in tables 5 and 6. Zambla's commercial enercoy
demand depends largely con the needs of the copper mining
sector, which 1s the main foreign exchange earner for the
country. In 1981, the mining sector alone consumed (out of
the total energy demand in the country) over 74% of electricity,

52% of coal, 94% of fuel oil and abcut 24% of diesel oil.

6.1. ALTERNATIVE ENERGY SQURCES

Though alternative energy resources seem to hold promise,
specially in relatlion to rural development projects, research
in alternative erergy 1is still in infancy in Zambia, Sore work

in solar, wind and hiomass is goine on at the University of
Zambia and the National Council of Scientific Research, hut

in the absence of a comprehensive policv for the develonment
of alternative ereray resources based on consideration of the
various -echnical, economical and social asnaects, the efforts
rerain i:clated and uncoordinated, VYational Zneray Touncil has
besn -assigned,the job of nlarrire and coerdination inr the

arercy sactor, kbut it is not wet fully omerative.
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of grains, vegetables and fish using the simpler solar

6.7.1. GOLAR energy technologies, and, on the other hand,apolications
Zambia is situated between 895 and 1B°5 letitude and of phFOVOltaics to water oumping, communications, etc.,
at a neight from about 950 to 1500 meters. The in rémote areas.

Meteonrological Department has a sizeable network

of 34 climatological stetiona in the country, but §.1.2 WIND

most of them are 111 equipped. Zambia is endoued South-easterly winds which deminate Zambi;:wind patterns
with plenty of sunshine. VYearly average -golar 1hsplation from early August until the end of October have bhetter
over most areas is about 5200 Whm-2 day’1. In the energy characteristics than the more erratic north-
Sputh-wuestern region near Victoria Falls the mean annual westerly winds of the wet season., Technology Development
radiation level is abaut 6000 whm=2 day~1, which is and Advisory Unit (TDAU) of the Unlversity of Zambla has
one of the highest in the world. The number of sunshine done a few wind energy surveys, It has identified a
hours varles between 2600 and 3000 hours per day. simple windpump for testing., If the tests are found
Seasgonal variations in ipsoletlon levels occour with successful it plans to promote local manufacturgﬁf the

a peak in October and November. windpumps on;;ommercial basis.

Zambia is rich in minersl wealth. It produces metels Horizontal axls windmills have been used in the past for

that are often uaed for manufacturing devices for pumping water on remote commercial farms, About 100

utilization of solar energy. For example, Zambia 1is multiblade windpumps are still in operation around Lusaka.

g big exporter of copper which is commonly used for .
6.1.3 BIOGAS

manufacturing soler collectors. It also produces
No specific assessment of animal and agricultural wastes

cobalt and zinc which are also sometimes used for
as feedstock for blogas generation has been made in Zambia.

meking solar collectors. UWith good solar inmsolation
But szome parts of the country have a relatively high concentra-

and the locally available minersl wealth, Zambia is
tion of livestock and the potential for bilogas development

well placed for the exploitation of solar energy.
exists in these areas. Cow dung is sometlmes used as a fuel

However, due to the avallability of cheap hydro-
in some settlements near Mongu in the Northwestern province,

electricity in urban areas, solar energy will find
The NCSR collaborates with counterpart institutions in Tanzania,

its applications mostly in rural aress. Possible L
Uganda and Xenya on a regional blogas research program,

applicatiens of splar energy in Zambia include,on the
funded in parts by the Commonwealth Sclence Councll, NCSR

one hanrd, water heatirg, sun drying —

has installed a blogas generator which operates on cow dung
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?. SCIENTIFIC RESEARCH

at its Chalimbana Farm near Lusaka, The unit currently

supplies the cooking fuel requirements of 3 households The National Councll for Scientific Research (NCSR}

on the farm, The next steps are to reduce the cost is the highest national scientific body in the country.

through the use of cheaper construction materials It was established in 1967 with a view to promoting,

and to collaborate with the Zamblan Agricultural strengthening and coordinating the sclentific and

Development Ltd in tnstalling a second experimental unit technological research and development in the country,

at the Nkumba pilggery. Current demand for biogas is small and also advising the government on priorities in this

but research and development work should be continued in area. The work of the NCSR has been mainly concentrating

this program. on agriculture, natural resources and some industrial
fields. The Council has the following research units:
6.1.4 BAGASSE
R (1) Animal productivity (2) Buildings and Ceramics
Nakambala Sugar Mill(ZSC) produces about 270,000 tonnes
Research (3) Environmental Research (4) Feod Technology
of bagasse per year equivalent to 30% of the annual crushed
Research (5) Pest Research (6) Radlolsotopes Research
" cane output {900,000 tonnes per year), Current use of the
(7} Tree Improvement Research (8) Water Resources
fuel 1s for onsite steam generation, The mill utilizes about
Research and (9) Industrial Minerals Research, In
180,000 tennes of bagasse at present, but plans to expand
addition the Council also has units to provide technical
its sugar refinery to use part of the remalning 9G,000
services in Instrumentation and Materials Testing.
tonnes of bagasse, No other major mew demand for bagasse

fuel is expected. The Council has limited rescurces in terms of equlpment

6.1.5 GEOTHERMAL and indigenous skilled manpower, Therefore the research

Despite the relatively large number of hot springs (about 100) work is on a very modest scale and limited to a few

in the absence of volcanic activity, the prospects for fields that are relevant to the needs of the country.

locating high temperature geothermal steam are poor in In physics work is mainly concentrating on the applications

Zambia, Preliminary studies indicate that the geothermal of nuclear physics to various fields. The Council has

gradient in basement rocks in Zambia is between 23°C and been running a radicactive research programme which

50%¢ per Xilometer of depth.Hence viable working comprises research activities to adopt or develop processes

for recovery of uranium and other radicactive minerals
frem 7
fox Zamblan cres and to promocte peaceful uses of nuclear

" temperatures of 150 - 370°¢C may occur only at depth

exceeding 8km. This implies low prospects for large scale

economic utilization of the geothermal heat for power techniques in research, industry, agriculture and medicine.

The staff en~aged have fruitful contacts with some of
generation.
the compani: ; engaged in uranium prospecting in Zambia,
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the Geological Survey and with the physics and chemistry
departments of the University of Zambia, The Council
also started in 1980 two projects on alternative energy,

one on the biogas and the other on solar water heater.

Besides its R&D programme the Council alsc has the staff-
development programme aimed at preparing highly trained
indigen ous manpower by sponsoring candidates for higher
education, It also organises and supports sclence
popularigation programmes to create public interest and
awareness to sclence and technology.

University of Zambla is the-other important place of
aclentific research activity in the country, Here, too, due
to the lack of adequate equipment and indigenTous skilled
manpower the research projects are modest, The university
sponsors research projects that are relevant to the needs
of the «country. Currently research projects are going on in
the fields of agriculture, animal husbandz?y and dairy
products, biochemistry, chemistry, biology, physics,
mathematics, civil engineering, electrical engineering,
industrial technology and mechanical engineering, medical
sclences, geclogy, mining and metallurgy.

Due to the shortage of staff, the teaching and research
efforts of the physics department of the university are

electronics
mainly directed towards sclid state physies,,and nuclear

oy

physics, T

.Jl%q-

The mining industry of the country has been facing the task
of developing an economical method for the separation of
cobalt from copper ore, In response to this national
need, the department has been running the research prﬁject
"Magnetic separation of cobalt", for the past few years.,
Ancother research project "Uranium detection using slow
neutrons” has been golng on to meet the national need

for the development of nuclear techniques for detection

of the suspected deposits of uranium in some regions of the
country, In solar energy, work is being done in the
measurement and estimation of solar irradiance, study

of selective surfaces and photovoltatcs.

Besides the NCSR and the University of Zambta, research
and development work in earth sciences has been going on
at the Geclogical Survey Department of the Government
of Zambia and at the Zambla Consolidated Copper Mines

(zZ&CM), the only mining company in the country,

ROLE OF SCIENTIFIC RESEARCH IN DEVELOPMENT

The role of scienge and technology in present-day
developments can hardly be oveﬁzemphasized. The
phenomenal developments in the post-war era have all
been due to important breakthroughs at various scientific
fronts., We are at the brink of wiltnessing yet more
revolutions in scientific fields like computers and
genetié%. 0f course, a majority of the countries of the

world, the so-called developing countries, will not be able
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participate in these revolutions for quite some time,

as they are still struggling to provide the basic
amenities to their population; however, this does not
minimige the importance of sclence and technology for
them. Sclentific research is necessary for consolidation
and continuation of any growth process as it provides the
necessary tocl for solving the pecuf?r problems and
challenges coming in the way of development, in fact,

the developing countries need to adopt a rational policy
of vigorous scilentific activity which alone can enable
them to reduce the ever-widening gap between the developing
and the developed nations, In this regard the developing
countries afe caught up in a vicious circle, They have
limited resources for carrying out the scientific activity.
The poor input in sclentific activity, in turn, results in
inefficiency, poor production, underutilization of the
resources and inhibition of the growth process, So it
requires more effort on their part to pool up their
resources and use them to enhance their sclentific activity

in carefully chosen areas of priority,

Research and education in Physics, while being part of

the overall scientific activity, is particularly important.
Principles of physics fgrm the basis of understanding of
various phenomena in other branches of science, and
developme;ts in physics have led to correspending developments

in engineering, medicine, agriculture, earth sciences and
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other natural sclences, Thcugh the studiles and development
in different disciplines of sclences have become increasingly
more interrelated these days, the development in physics

will specially result in the growth of other scientific

disciplines.

Zarmbia 15 endowed with many natural rescurces both
renewable and non-renewable which are capable of being
developed and a number of them have already played a
major role in the development of the country. Many of
these resources remain unexplored, unexploited and
underutilized not to mention many that are undiscovered,
Their meaningful exploitation depends very considerably

[
upon advances in and application of science and technology.

Mining is the most important sector in Zambian economy.
Zambia is the fourth largest copper producer in the world
and only next tc Zailre in the production of the strotegic
metal cobalt. It also produces zinc and lead. There are
possibilities of uramium depostits and oll, tgo, in the

country for which the prospecting has been going on,

The new and latest prospecting methods, geophysical and
geochemical, and the more efficient mining techniques

have to be employed to tap thils vast reservoir econcmically.

As has been emphasized earlier, hydroelectricity has
" already been playing a vital vole in the energy supply
of Zambla, However, a vast amount of hydroelectric potential

still remains untapped. The development of this potential

is impossible without recourse to sclence and technology.
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Water in some parts of Zambla is scanty and its relative
unavailability constlitutes the principal factor limiting
various formsof human endeavours, Many parts of Zambia
depend on underground water resources, The use of modern
scientific and techncloglical methods and aerial photo-
graphy suplemented by modern well-recording procedures
and improved drilling equipment can now permit better
indentification, assessment and development of under-
ground water resources,

Fish is a valuable natural rescurce in terms of food

and as a source of revenue, Development of the fisheries
cpuld present an easy and cheap way of meeting the food
requirements of the peop;e and make immense contribution
to the solution of tﬁe problem of protein-calorie
malnutrition. The proper utilization of this resource again
depends on adegquate scitentific knowledge of the fish of
the country, their growth characteristics, population
dynamics, general ecclogy and bioclogy.

The science of forestry has an important rcle to play in
the development of a country., It helps in protecting

the natural environment on the one hand and provides
wood-fuels and biomass for domestic and industrial use

in the other, The full explcoitation of this resource
depends on scientific and technclogical advances in
several related flelds like forest genetics and ecology,
tree physiology, studies of woed diseases and guality,

.
coupled with remote sensing techniques for natural resources

survey.
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Agriculture is another important sector in Zambla's

economy and there 1is greatrscope for tts development.
Presently Zambia 1s eultivating only about 5% to 6% of

the estimated 50% to 60% of the total land area considered

to be immediately arable. The main preblems in its development
are the lack of moderm equlpment, inadequate irrigation,
peculiar crop and amreal diseases, Science allied to
technolegy can and already playsa crucial role in tackling

the various problems. For example, the development and
ytiiization of solar and wind energy could help in

alleviating the problem of inadequate irrigation, In fact,
the combined efforts of agriculturists, soll chemists,
physiclsts, biclogists, surveyors, climatologists and englneers
15 required for unde:standing and tackling the various
assoclated problems and enabling an overall improvement,
associated with agriculture is the livestock lndustry and

it requires the study of animal genetics and breeding and

the various animal diseases for its improvement.

Improvement of public health 1s of prime concern in any
society, The developments in medical sclences have been

almost exclusively through developments in chemistry,

biology and nuslear—and-radlaeton physics.% Natural sciences
will continue to play key roles in its further development,
too, 1In addition many of the human diseases are due predomi-
nantly to particular environmental conditions. Zambian

environment provides eonditions for many parasitic diseases.
L]
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Malarta, bilharzta, sleeping sickness and protein calorie
malnutrition are some of the diseases which are ilmpediment
to the development of the country, The effective fight
against these c¢alls for an integrated sclentific and

technological assault,

Transport and communication is an important sector which is
often neglected, An efficient transport and communlcation
system is necessary for raplid economic and soctal development
in any country, It links all the other sectors of economy

and has profound influence in almost every sphere of life.

Road transport plays a vital role in linking widely

scattered rural areas, In the construction of roads and
railways, the problems of structural designs and constructional
materials are to be considered together with peculiar ground
conditions and climate, These are highly technical matters

and require the combined efforts of the englneers, the
geologists, the physicists, the chemists, the geographers

and the meteorologists for their solution.

Adequate communications are one of the fundamental differences
between developed and developing societies, About 75% of all
the telephones of the world are concentrated only in eight
countries of the world, Africa continent with one third

cf the countries of the world has only 1% of the world's
,telepﬁqus. Well developed communications are indispensable
not only as a support to all productive sectors of the economy
but also because they create an environment suitable to new

investment, They greatly help in sustainina, facilitating

- 23g~

and triggering development, Their indirect economic and

soclal benefits mostly remain unrecoegnised but are worth many
fimes what they.c05t. In an energy expensive world an efficlent
telecommunication system gains further importance as it

helps to reduce the consumption of energy by reducing strain

on the transport sector and saving time, Communications

also greatly help in the development of rural areas by
stimulating the growth of industries, agriculture and

business, and thus stop the rural exodus, a problem being

faced all over the world,

The parallel development of telecommunications and computers
has brought the world to the brink of an tnformation
révolution. The phenomenal developments taking place at
present 1in such fields as optical fibres, computer communica-
tions,integrated services and digital networks are golng to
change our overall capabilities before the end of this
century. The information revolution could put anyone in

the world in touch not only with anyone else but with

a choice of services and information no one city can offer,
thus bringing about the much-needed process of decentraliza-
tion on our planet, 1In recognition of the important role

of communicaticns in development, the "Inited Nations has
declared the year 1983 as the World Communication Year,

All the developments in telecommunications have been mainly
through v;rious developments in Physics, Highly skilled
manpower 1s necessary to malintain and improve high-tech

communication system,
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In the wake of the depleting fossil fuejs of the world,
the development of alternative energy resources has

become Qery important to ensure continuped supply of energy
needs of a country, The proper development and explolita-
tion of these is impossible without the help of science
and technology, Biomass, solar, wind and hydroelectric
power hold lot of promise for future applications in

many countries including Zambia, Physics and engineering
play a vital roke in the uttlization of solar energy,
Solar collect ors and solar cells are the two main means
of harnessing solar power, Spectrally selective surfaces
play an important role in the solar collector technology,
The physics of matertals, in particular, the understanding
of the electronic structure of materfalg enables one to
modify the properties of substances in desired ways, and
henqg prepare better and more efficienf slective surface,
Physics has already played a key role in the development
of sclar cells, too. Further developments in this area
will again be 1mpossib1erw1thout more research and
understanding in Fhe rhysics of semiconducting materials;
Similarly, the exploitation and fuil utilization of wind
energy 1s not possible without the development and applica-

tion of the principles of aerodynamics and that of biomass

energy without recourse to chemistry and chemical engineering,
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9, CONCLUSION

Continuous sclentific research activity is necessary
for the séggtenance and continuation of the development
process of any nation. The developing countries, having
very limited resources as input to their scientific
activity, must set their priorities very carefully
keeping in view their peculiar conditions,natural
resources and environment. .zam_bia' has dbundant natural vesources
and his great petential for develdpment. In vigw of 15 conditions,
the following broad priority areas can be identified:
1) The shortage of indigenous highly skilled manpower
has been a great obstacle in the development of
the country. Top priority must be given for sclence
education at all levels, particularly the education
at the university level needs fast expansion,

2) To develop and make full utilization of the natural
resources of the country, relevant sclentific
research activities should be continued and
intensified in the fields of earth sciences, Yemote semsing,
agriculture and livestock, environmental sciences,

forestry, fisherles, engineering and natural sciences,

3} In physics, the followlng priority areas based on
the country's needs are identified:

{a) Soclid state physics and its materlals science
aspect such as characterization of materials
using x-ray diffraction and x-ray fluorescence
techniques, new materials, etc., for use in the
country's mining industry, materials for solar
energy utilization through selective surfaces

and photovoltalics, etc.
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TABLE 6 SECTORAL PATTERN OF ENERGY CONSUMPTION (1980/B1)

(percent)

SECTOR PETROLUEM COXE ~ COAY: © ELECTRICITY WOODFUEL BAGASSE
Mining 37 100 52 74 6 -

Industry 18 - 48 18 - 100
Transport 35 - - - - -
Agriculture 1 - - n‘a* - -
Others (including
heusehold) 9 - - 8 94

Total - 100 . . 0o . loo 100 loo 100

* power demand in this sector is insignificant because of the
small size of agrobased industries,

Dar es Sakam
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Copper prices in real terms, 1§70-1962
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CONTINUING EDUCATION

PRE - SCHOOL EDUCATION

NOTES

A Various vocational programmes, e.g., Trades, Nursing, Teacher Training, etc.,

leading 10 a certificate,

B Various programmes, e.g., Agricutture, Technology, Commerce, Nursing, etc.,

leading usually 1o a diplema.

C University degree:
D = Doctorate
M = Master
B = Bachelor: 4 years — Ordinary.
5 years — Engineering, Agricutiure, eic.
6 years — Veterinary Science.

NE 7 years — Medicine.

li A and B there are also some courses which 1ake less than 2 years

From primary 10 senior secondary an education year represents a grade,

Fig.3




PHYSICS AND DEVELOPMENT IN ARGENTINA

Alejandro A. Hnilo
CEILAP-Crupo Laser, CITEFA, 1603 Villa Martelli, Argentina.

1. Intreduction

Argentina is Sltuated in the southern part of South America. It is
boarded” on the west by Chile, on the north by Bolivia, Paraguay and Brazil,
on the east by Brarll, Uruguay and the Atlantic Ocean.

Tt is 'a federal republic composed of 22 member states, a federal
territory and the Capital District.

Argentina became independent from Spain in 1816, and promulgated its
definitive Constitution in 1853. The official langyage 1s Spanish, the
religion is predominantly Roman Catholie, even though religious freedom is
not only traditional in Argentine society but guaranteed by the Constitution.

Argentina's aresa is 2.8 million square kilometers, equivalent to
all Western Burope or India. Western Europe 1is densely populated and India
has 730 million inhabitants, while Argentina, on the contrary, has only 28
million inhabitants, and nearly 10 million of them live in the capital,
Buenos Aires. This asyﬁmetry has histoirical origins, and is probably the

strongest problem for achieving a harmonic development.

2. Economic date

Argentina produces a wide variety of goods in its vaste territory.
A1l sorts of food (mainly meat, cereals and fruits) alsc tobacco, woods,
wool, ete.

The menufactures are related with medium-heavy industry:
automobiles and electro domestic devices. The textil industry is also very
importent.

Argentina produces almost all the petroleum required for its domestic
eonsumption.

Argentine societv Is relatively & rich © developing countréi-
The structure of the National Gross Product (NGP) is similar to those of more
developed countries {Services 50%, Manufactures 28%, Agriculture 13%). The

income per year and per capita was US $ 1450 in 1975 (the average of developing

countries was $LB0, and $1100 the average for Latin fmerica).

- 304-

We have , however, faced very harg problems in our development.
Argentine suffers from the highest rate of inflation_in the world (nesrly
150%-200% a year). In addition to that, the wrong economic policies followed
during the last years résulted in a negative évolution of the NGP (see Fig.1).

What is even worse, not only the total NGP but the percentage of
manufactures in the NGP dropped dewn from 284 im 1975 to 22% in 1981 (and even
a lower value is expected for 1982).

In Fig.2 we can see the structure of the Argentine budget in a typical
year (1979).

The amount devoted to Science and Technology was nearly 200 million
dollars, without taking into account the financial support due to other
sections of the budget (hospitals, universities, armed forces).

Note that the highest fraction of the budget is devoted to "Economi ¢
Development" (35%), which means roads and communicstions. Tn fact, a large
smount of money muist be spent; these items in & country so vaste and

underpopulated.

We can get an idea of the real effort made on science and technology
by analyzing the buresucratical structure of the financial sources.

We can neglect the private activity in research in a first approach.

The structure of the Federal ¢ overmment (there are &ls0 progremmes of the member
states) is showm in Fig,3.

The SUBCYT (Sub-Secretary for Sclence and Technology) and the CONICET
{National Council for Research in Science and Technology) support programmes in
almost every field of science. Theré are some "level crossings". For example, both
the SUBCyT and the CONICET support research work in biomedical sciences. Those
activities are performed in laboratories of the hospitals of the Ministry of Health,

or In school-hospitals which depend on the Universities.
There are also two institutes for applied research: the TNTI for

industrial technology, and the INTA for agriculturel technology. The Ministry
of Defence and each of the three armed forces also hawe their own institutes
for research and development.

The SUECYT supports many projeets in different fields. It has a budget
of nearly 6 million US$ per yesr. The main programmes are on electronics,
eradication of endemic diseases and food technology. Only h% iz devoted

to research in physics. The same proportion is found in other institutions
of the same kind.

=% 1=



3. Research and aducstion

Almost a1l research in physics is made In officisl Institutions (as
CNEA, INTT, CITEFA, etc,) and in public Universities.

The Institute Balselro, which is probably the best equipped and staffed
school of physics in Argentina, depends on the University of Comahue, and,

under a special agreement, also receives funds from the CNEA.

It is very difficult to estimate the total number of professionals
working on research in Physics. In 1981 nearly 500 authors presented
communlcations in the Wetional Meeting in Physics. The same number of
physicists work in foreign countries., This proportion is one of the most
dramatic examples of "brain drain", due to economic reasons and politieal

Intolerance.

L. The CNEA. Nuclear Physics in Argentina

The CNEA (National Atomic Energy Commission) is the most seriocusly
planned institution for research in Fhysies in Argentina. The CNEA depends
directly on the President and surveys the basic and applied resesrch in
nuclear physics. Tt also takes care of the medical and industrial use of
redioisotopes, the safe handling of radiactive elements, the construction
and operation of nuclear electric plants and the extraction of radiactive

material.

It alsc promotes the formation of new researchers through a system

of fellowships and by supporting the Instituto Balseiro in Bariloche.

The CNEA installed the first cyclotron in Letin Americe (1958) and
alsc the first nuclear reactor (RA-1, in 1962). The CNEA built other 4
reactors in Argentina, and is constructing another one in the Republic of Peru,

under a special agreement.
At present, a new resctor (RA-£) is being built at the Imstituto Balseiro.

The RA-6 is especially designed for educstional purposes. It will be
used for the formation of nuclear engineers and physicists. It will also

produce electric energy for the university campus.

The first commerclal nuclear plant in Latin America was constructed
by Siemens under CWEA supervision (Atucha, 1972). CNFA nlso survevs the other

twe that are being constructed.
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One of CNEA's aims is to get the control of the complete cycle of
nuclear materisls. It surveys the éxploration and exploltgtlon of the mines
of urenium. A pilet plant for separating deuterium was designed and constructed,
and a new plant for mace scale productlion is now heing built near the city of
Arroyito.

The activity in basic research is also very important. A big
Van-der-Graaf asccelerator (TANDAR project) is under construction in

Buenos Alres. Tt will be one of the most important in the world for the study

of collision reseonances in heavy nuclei.

5. Relation between research and industry

Tue to its internal regulations,the CHEA cmploys & high proportieon of
national manpower and technology. This attitude stimulates the interaction
between basic and applied research and industry.

However, the CNEA is an exceptional case. In general, there is a very

slight relstion between the laboratory and the industry.

Even in instituticns especially created to find a link between research
and industry, such &s the INTI, the transference of technology is very poor.

On the contrary, the relation between technicians and productors is
much more effective as far as agriculture is concerned,

0f course, adequate promotion would favour the participation of the
INTI in the industrisl development, but the basic difference between the
relative efficiencies of the INTI and the INTA is due to the immature structure

of the argentine industry.

The industrial recession worsens this misconnection.

On the other hand, and probably due to the tendency of the programmes
study, argentine physicists seem to be more inclined to make basie reseasrch rather

than participate in progrdimes of applied sclence.

It is evident that Industrialists and scientists should work together in

order to reach the deslired feedback, hut the first step should be done by scientists.

Tt i5 necessary to draw the public's attention to the importance that

science and research has in their lives.

Tt iz also necessary that sclentists understand the problems of their

countries in order to be prepared to give them possible and imaginative solutions.

-319-



If not, the sclentific actlvity will he consideréd. an éxotic and
expensive artlicle. The acclety which supports this activlty will not consider
it something useful or ve.lua.inlé. Conseqﬁently. the scelety as a wholé will
not be interestéd in the défet}ce of this fra.gil-e activity against the politicsl

or economic turbulences that menace its existence. -

Science divulgence and close relation with loeal industry is not a
graclous concession of sclentists to "erdinary péople". Tt is the key to the
survival of sciéntiﬁc activity, mainly in developing countries, where 1t does
not have the tradition and prestige it has in cther socleties,

6. Conelusion

T have emphasized the relation between research and industry, that is,
the importance of applied sclence. But what about basic science?

It is clear that without any research in basie science the gap between
sdvanced and developing countries will never disappear. In spite of this, it
may scund unreslistic to claim for funés for basic research in countries where
hospltels, schools, social promotion and elementary sanitary services are
de#perat.ely in need,

If we do not think in terms of countries, a scientist is a very
particular worker. The final product of his work is unknown. He is
essentially working for the whole mankind.

* But, again, the poorest societies of mankind might not be in the
condition of affording such an expensive activity.

Probably the right answer is not "no research in basic science” or
"priority to research in basic science”. One should reach sowe kind of
“compromise agreement". 7

Whet kind of science do we need (basic, applied. or a mixture, end in
vhich proportion) is & crucial problem, not only for the seientific activity
itself but also for the future of our countries. Even though our socleties
are all diffe.rent, we have similar problems, and probably similar soluticns
can be applied.

The purpose of the "Physics and Development" progremme is to promote
the knowledge of the scientific activity in ocur countries and the discussion
of the impact thig activity has in our development.

I think that to exchange ideas sbout what kind of science we need =
is & good starting point for the discussion.

- 3‘3-
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I. INTRODUCTTION

Being this an invited contribution to the "Physics and Development"
programme thet the Internationasl Centre for Theoretical Physies (ICTP) has
recently started, s few comments seem appropriste before advancing to the main
topics of this work. First, we would like to thank the organlzers of

the programme for having given us the opportunity to partiecipate in it.

Cur appreciation for this cpportunity is two-fold, First, we feel honoured
for being sble to address the internationsl community to tell them of the past
development and present shtatus of Physics in Mexico:; this is an irmense
responsibility that we have tried to fulfill as honestly and impartially as
possible. Second, we have always felt a strong cencern for our country and our
people and it is partly due %o this opportunity that such 2 concern has adopted
a more defined shape; the questions have become more specific and, suddenly, we

have felt we have & role in the process of looking for alternatives and solutions;

and this role zeems to be more important than we ever expected.

A thorough scan of research on basic and applied physies In Mexico is
not an easy task and, iIf properly doune, would not have tzken only a few weeks
to complete it. A carefully organized team of pecple with a well planned strategy
would be required to carry out such a mission., Many state universities gre
actively doing first-class research in basic and/or applied physics. Also, for
example, other centers exist througout the country which have been founded by
the Natioanl Council on Science and Technology (Consejo Wacionsl de Cieneia ¥
Tecnologia, CONACYT) which have not been mentioned in this work. We would like
to apologize for such omissicns and would 1like to hope that in the near future
a complete listing of institutions.where reséarch in physics is done and a list
of physicists which includeﬁ, amongst other things, their placea and areas of

work, could become available to the general scientific community of Mexico.

Similarly. it is by no means an esnsy task at the present time to give
& unified view with ﬁp—to—date information about econpmic matters in Mexico.
Qur country is one of the most damaged by the present deteriorated world economic
situation. This is partly due to the fact that since early 1982 an internal
economic crisis had already developed in Mexico which gave rise to drastic changes
in the government's internal and foreign economic policies. As of today, it is

53111 unclear what the outcome of this situation will be.

The presentation has been divided into four sections and an appendix,
Section I provides an overview of the political snd administrative structure

of Mexico, Section IT presepts, in a very succinet manner, whet we considered

-0 tq -

were the highlights of the economic policy of Mexico during the last presidential
term (1976-1982) and during the present one (1983-1989), Section IIT presents

in its first part a brief account of benchmarks in the development of physies

in Mexico since 1938. 1In the second part, the present status of ) Physics

in Mexico is reviewed and the perspectives for the fulure are analyzed., Finally,

in Section IV some conclusions are presented.

A1 the information presented in Sections I and IT was obtained
from official documents published by the Mexican government which are available
ta the general public. The ideaz whirh were thought to he more important or
relevant to the purpose of this work were extracted and summarized. The
coanemic datz shown in the appencdix In the form of graphs may not be very
representative of the Mexican economy, at present. However, we hope such
information can be locked at 25 a way of defining the "initiel conditions” of
the praoblem at hand. A1l except two of the graprhs were obtained from official
government publications. The other two were takon from an editorial of the

Business Week magazine issue of 28 February 1983.

No institution. or perscn other than the authors is to be held responsible
for the ldeas, statements, suggestionz or conclusions presented here. Tt has
been our objective to respond, as oblectively and honestly as possible, to the

questions posed in the programme "Physics and development” of the ICTP.

We would like to deeply thank Mr., Hector Cruz Manjarrez for making
zocesible to us his notes on the history of physiecs in Mexico, prior to

publication, on which most of the first part of 9ection III is based.

Finally, we would also like to take thls opportunity to express profound
encouragement to our colleague physicists in every country of the world to more
actively parteke in this endless endeavour of continually struggling to improve

the [soecial and material} living conditions of the human race.
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II. STRUCTURE OF MEXTCO

2.1. Geographical and Demographical Information

Mexico is bordered on the nowth by the U.S.A., on the east by the Gulf

GUATEMALA

of Mexico and the Caribbean Sea, on the southeast by Guatemala and Belize and
on the west by the Pacific Ocean. On the North American portion of the continent,
Mexico occuples 1,953,128 ]-nzn2 of mainland surface area and 5,073 k.m2 of surface

area on its surrcunding islands 1).

Mexico is divided into 31 politicsl states and the Federal District
{Distrito Federal). There are 2,375 municipalities, the smallest political
division - within the larger political structure of the country.

GULF OF MEXICO

According to the last population census 2) (1980) the country had
67,383,000 habitants of which there were 33,295,000 men and 34,088,000 women.
The totel number of the work force With 12 or more years of age was 23,688,000,
That is, approximately 35.2% of the population making up the active working
force of Mexico.

The State, which has the function of defining and coordinating the
development of the country, has the following hierarchical structure based on

the political power of each entity:

FEDERAL GOVERNMENT
STATE GOVERNMENT

MUNICIPAL GOVERNMENT

The administrative imteraction between the Federal Government and the
State and Municipal Governments is carried out via bilateral sgreements. That
is to say, mutual cooperation and coordination so as to facilitate the
implementation of the Programmes for Economic and Social Development in order
to accomplish the task leading to the achievement of nationsal goals cutlined
ﬁ by the Federal Government as a whole.

The organization of the Federal Government is established in Article 9O

of the Political Constitution of the United Mexican States {1917)
and fuctioning under prevalent conditions; the different pericds of government
have - sctualized this document in order to obtain a greater degree of clarity
and better define the relation between government actions and the population in

general.

-3y
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2.2, Political Organization 3)

In Mexico the people exercize their sovereignity vie the powers of the
Union which, by the character of the Representative Democratic Federal Republic,
is composed of free and sovereign states in reference to everything within their

interior regime.

Also, the Supreme Power of the Federation is divided into the following
three branches: Legislative, Executive and Judicial. The Legislative Powver of
Mexico is conferred on the General Congress, formed by the House of Deputies and

the House of Senators.

The House of Deputies is composed of 300 representatives (Deputies) of
the nation. These 300 members are elected according to the principle of relative
majority voting, besed on the system of electoral districts {one - representative
per district) and up to 100 members elected according to the system of proporticnal
representetion based on the system of regional votes for "st-large” members of

the state.

The Eouse of Senstors is composed of two senators from each state and
two from the Federal District, all being elected according to the majority of

votes recorded.

The Executive power deposits the exereise of the Supreme Power of the
Union on one individusl with the title: "President of the United Mexican States".
The election of this individual is direct, by effective vote and may not be

reelected, the term served having a duration of 6 years.

The Judicial branch is constituted by the Supreme Court of Justice
composed of 26 ministers who are appointed directly by the President of the

Republic and ratified by the House of Senators.

2.3. Public administration

Tn the Political Constitution of the United Mexlcen States, the
"Orgenic Law of Public Federal Administration™ 1is defined, which marks the
pace of orgénization which the Government Sector should acqulre in order to
manage end regulate the trends of development as well as attain s better

organization in its structure.

According to this law, the Public Federal Administration contemplates
two aspects: the Centrsl Public Administration and the Combined (Private/Public)

Administretion.

~323-

The Central Public Administration includes:
* The Presidency of the nation

* Secretaries of State

* Administrative departments

¥ Atterney General's office of the Republic

The combined administration includes:

* Decentralized organisms

¥ State-partly-owened industries

* Rational institutions of Credit

* National auxiliery orgenisms of Credit

* National Insurance and Finance Institutions

¥ Trusts

211 these are hierarchically subordinate to the Secretaries of State
and Administrative'Departments via the Secretary of the corresponding centiralized

organism.

In particular, the present sdministration is continulng, via the Programme

of Administrative Reform, with the efforts initisted during the last preslidential

administration [1976-1982). This programme has as 1ts objectives the recrganization

of the activities and structure of the organisms which constitute the Publie
Sector in order to diminish the duplication of efforts in respect to lines of
action proposed by the government. In order to sccomplish the study, planning
and distribution of the lines of action the Executive branch of the Union relies

on the following organisms

- Becretary of the Government

Secretary of Forelgn affairs

- Becretary of Defense

~ Secretary of the Navy

- Secretary of Finances and Credit

- Secretgry of Programming and Budget

- Secretary of General Accounting of the Federation
- Secretary of Energy, mines and combined industry
- Secretary of Commerce snd Industrial Support

- Secretary of Agriculture and Hydraulic resources
- Secretary of Communications and Transportation

-~ Secretery of Urban Development and Ecology

- Secretary of Public Education

- Secretgry of Health and Welfare



Secretary of Sccial Work

- Secretary of the Agrarian Reform
« Secretary of Tourism
— Secretary of Fishing

- Secretary of the Federsl District

These smount to a total of 18 Secretaries and a centralized depertment.
This group of government orgenism performs specific functions that are gssigned
to them via the "Organic law of the Federal Public Administration” whose latest
version was sent to the Oeneral Congress for discussion on the 6th of December

th
of 1982 and was published, once approved, the 29 of the same month.

11T, ECONCMIC POLICY
3.1 1976-1982

This period was characterized by the adoption of & "development model”
which responded to the growing need to impulse a social, political and fiscal
reform through the implementation of Global, Sectorisl and State programmes thet
were designed to define cbjectives, strategies and policies for development in
such a way that an Integral Programme of Development could be established for
Mexico. The concepbion of the National Planning System under the guidance of the
government required of the participation of the people as a whole and of the

. 5)
support of various mechanisms: regulatory, coordinating, etc. .

A summary of the actions carried ocut in this é.year periocd was given in
the "6"0 government report" 6)whlch the president Jose' Lopez Portillo presented
to the country the lth of September of 1982, 1In this presentation, the last of
his presidential period, the successes and failures of the economic policy were
stated. In particular, emphasis was placed on the difficulties encountered in
dealing with the economic situation in the country which has prevailed throughout
the whole period. The various factors that were said to have directly and strongly

affected the national economy were catalogued in two groups? internal and external.

The main external factors were:

% oy international ecomomic disorder that "pmished” the developing
countries

# monetary, commercial and technological aspects tpat added teo the energetic
factors and which had to be resolved in global talks at the U.N, in order

to avoid dramatic and unpredictable consequences.

The most important internal factors were: -

# the difficulty of reconciling the free end open currency exchange
policy with national solidarity

* the conception of a "mexicanized" economy as a right of 211 mexicans

* the concession of the banking institutions to private hands whiceh,

though mexican in essence, had shown signs of high speculation anhd a
lack of national solidarity.

These factors were said to have been the cause that in a few years
substantisl economic resources brought about from savings, ail and public debt

fled the country thereby provoking an economic crisis by the end of 1982,

As a consequence of the above considerations the president of Mexico

decreed, the lth of September of 1982:

% the nationalization of all the mexican private bankiné institutions
of the country

% g generalized control of currency exchange and sent to the General
Congress a proposal of law that would convert the Bank of Mexico

(Banco de Mexico, S8.A.} in a decentralized public orgsnism of the
Federsl Government.

3.2 1983

The present administration initiated 3its activities the lSt of December
of 1982 when Miguel de la Madrid Hurtado was sworn Constitutional President of
the United Mexlican States. During his first speech the newly elected president
defined the political guidelines that he is planning to follow during his six
years in office. He particularly emphasized a "Programme of Immediate Fconomic
Reordering” that was defired in order to better defend the country from the

economic erisis that it has been submerged in since early 1982.

The central objectives of the programme for immediate reordering of
the economy are: to fight inflation, to protect Jobs and to recover the basis
of a just, efficient and sustained dynamic development. These goals are supposed
10 be accomplished via the following tén programeed points:
1) a decrease of growth of the government budget
2) the protection of Jobs
3) the continuation of construction of selected public works =nd services
4) a reinforcement of the regulations that will assure discipline,

adeguate programming, efficliency and honesty in the execution of
the authorized public expenses
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5) the protection and provision of incentives to production programmes;
to import snd distribute basic food for the peocple

6) sn increase in public earnings to slow down the boundless growth of
the deficit which in turn gives rise to a continuous increase in

foreign debt

—

7} the appropriate channeling of credits for the financing of the highest
priority programmes of national development

&

—

recovery of the currency-exchange process under the supervision of the

Federal Government
9) the restructuring of the Public Federal Adminlstration
10) the acting under the principle of rectory of the state and within

the content of a combined economy as the Constitution of the Republic
establishes «

With this programme the present administration establishes a response
to the crisis. The.programme is also supplemented by collateral actions which
have been defined with the help of publie consultation carried out during the

electoral campaign of De la Madrid.

The above paragraphs present +the politieal actions and proposed solutlons
that the present administration has chosen to counteract the effects of the economic
crisis. Variations should be expected as the whole world is presently moving into
a generalized oil-crisis. Hopefully, good will and common sense will characterize
the zttitudes and actions of the international community in an effort to avoid a

world cata%trophe.

v. PHYSICS IN MEXICO
T3,8) -

N Historical overview

If a specific date had to be established as defining the beginning of
research in physics, it could be said that physics in Mexico has an age of about
b0 years. Its beginning is marked by the foundation of the Tnstitute of Fhysics
(Instituto de Fisiea, IFUNAM) within the National Autoncmous University of Mexico
{Universidad Nacional Autonoma de Mexico, UNAM). Tt must be stressed, of course,
that only intence and continucus efforts of a few people throughout the years
prior to 1938 could bring about the foundation of such place. These people who
will not be further mentioned explicitly in this work deserve to be called the

pioneers of physics in Mexico. 1!Many of them have died, others are still alive.

-3~

The years following the creation of IFUNAM were not easy, a4s can be seen
by reading detailed accounts that have been written of those times. Difficult
times, which have generated by low budgets for research, reduced space to work
and only a handful of iﬁvestigators and students with enough courage to overcome

such problems were the ingredients found in the physics of the 1940's in Mexico.

The original name of the IFUNAM was: Institute of Physical and Mathematical
Sciences. This name only lasted a year, however. In 1935 the IFUNAM devoted most
of its research programmes to the areas of Cosmic Reys and Soil Mechanies. A
happy success was then the inauguration in 1042 of the National Astrophysicael
Observetory in Tonantzintla, Puebla, In 1543 the Mexican Scciety of Physical
Sciences was founded with Manuel Sandoval Vallartsa as its first president but it

disappeared in 1950 to give way to the Mexican Society of Physics with Carlos
Graef Fernandez as its first president.

In 1554, the IFUKAM counted with four sections. One on experimental
nuclear physies led by Fernando Alba Andrade which, by the way, glready counted
with a 2.2 MeV Van der Graaf accelerator among other things. Another one on
theoretical nuclear physics led hy Marecos Moshingky. A third cne on X-rays under
the direction of Octavio Cano Corona and a last one on ﬁrﬁvitation Airected by
Carlos Graef Fernandez. Shortly afterwards, & leboratory on radio chemistry was
created one of whose mein objectives was the application of nucleer physics to
the dating of archeclogicel samples by using the recently proposed technique

of carbon-1h.

Tt is also worthwhile to mention tﬁat due to the intense efforts of
Marcos Moshinsky, in 1956 the first summer school in physics took place in
Mexico with the participation of R.E. Peierls, J.S5. Levinger, R.G. Thomas and
M. Moshinsky. In 1959, again this event took place with the participation of
people such as E.P. Wigner, M. Levy, J. Leite Lopes and M, Moshinsky. The
importance of an event like this in Mexico can hardly be overestimated. A fevw
sther times the summer school was held in Mexico and then interrupted for

some years., Fortunately, it Is now back in operation.

In 1958, 12 investigators and 5 assistants constituted the working
force of the IFUNAM. Experimental physies in Mexico at the time had on its
side some bright and enmthusisstic people. Froof of thst is the constructieon
of & magnetic spectrograph, only the 31'd of its kind in the world, under the
supervision of W. Buechner and Marcos Mazari. Also, a Ven der Graaf type
acealerator of 0.5 MeV designed to accelerate protons and deuterons in order

to produce neutrons via the reactlion deuterium-tritum, was finished. Shortly
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after that, a Kyropoules oven was designed and bullt in order to grow large
crystals of NeCl and XCl and & series of three mass spectrometers were also built
in those years.

Tn 1963 an important success togk place. The Atomle Energy Commission
of the U.5.A. donated a 3 MeV accelerator of positively or negatively charged
particles to the TFUNAM. Then, in 1964 the Nuclear Center in Salszor was founded
vwhich would eventually house & nuclear resctor TRIGA/MARK ITT and a 12,5 MeV

Van der Graaf accelerator (tandem).

By the year 1970, the JFUNAM counted with 52 investigators that had
rublished over 6_00 research prodects; 2 3 MeV dynamitron, a 2 MeV Van der Grasf
and, squipment te do mass spectrometry and paramegnetic resonance studies, among

other things.

In the last 15 or 20 years the development of physics in Mexico did live
its better days and advantage was taken of this bonanzs to generate other research
centers around the country. For example, the TFUNAM set up two branches. One in
Ensensda, a town of 300,000 habitants which is only 110 kms f‘?:-om the U.S.A.
border of San Diego, and ancther one in Cuernavaca, a town that surpasses the
haif-million habitents and that is located 75 kms south of Mexico City. The
main obJectives behind the creation of these centers were both to decentralize,
which would help in reducing saturation in Mexico City, add to contribute actively
to the developpment of alternate centers for research across the country. In
this conte'xt, apecific mention should be made of snother institution, the Center
for I.nvestiga.tion end Advanced Studies (Centro de Investigeecion y Estudics
Avanzados, CINVESTAV) which depends on . the Seeretary of Public Eduestion. This
center, besides 'being- one of the top-most research institutions in the country,
has been concerned ‘for a number of‘.years in the development of similer centers
for research in places other than Mexico City. As a consequence, a number of
centers exist nowadays throughout the country which have been founded with a
large number of people 'having been prepared snd trained under the supervision
of the researchers from the CINVESTAV at Mexico Clty. Good quality work in
these centers has been a direct result of the active commnication maintained
between the parent and the newly founded centers. A final example may he given:
of the development of research centers throughout the country in the last years. .
-The Federal Commission on Electricity (Comision Federal de Electricidad, CFE) &
decentralized government organism on which the responsibility of genersation of
energy for the whole country resides, founded the Institute for Electrical

Investigations {Instituto de Investigaciones Electricas, ITE) where research is

. V) .

done on the search for alternste farms of energy production and gn the optimization
of presently availeble techniques. The CFE, in cenJuetion with other nuclear
regearch Institutions is also in charge of Me)ntieo'a nuclear energy programme.

In this respect, two nuciear reactors will seoen be pub in eperatien in the state
of Veracruz, and plans exlst to continue this nuclear programme throughout the

country in the next years,

In Mexico City other important research centers in physics and related
sceiences have also emerged in the last two decades, PEMEX, the government-run
¢il monopoly, strongly supported the crestion of the Mexican Institute for
Petroleum (Instituto Mexicano del Petroleo, IMP) as n response to research and
technological needs in that area. Other unlversities in the capital of the
country like, for example, .the Metropelitan Autonomous University (Universidad
Autonoma Metropolitana, UAM) have also succeeded in developi.ng strong groups in

certain areas of rESearch,. i.e., statistical thermodynamics.

The historieal overview of the development of Physics in Mexico, as
described in the above paragraphs, is by no means complete, The development
of physics at IFUNAM has been emphasized and a few other research centers have
been singled out. It is expected, however, that a general realistic impression
had been portrayed of the cornerstones in tﬁe structure of physics that has been
built in Mexico during these last four decades.

th 2y Present status and perspectives.

At present, Mexican physicists are actively working in many areas of
physies. At the risk of being unfeir to cthers, it could be ssid bthat they have
excelled in the fields of FElementary particles, Nuclear physies, Sqlid State
physics, Many-Body theory and Statistical Thermodynamics .

As was mentioned eerlier in this section, the most prominent institutions
where research in physies is carried out are, prebably, the IFUNAM, the CINVESTAV,
the UAM and the IMP,

. The continued suppori that the government has given to scientific activitles
in the last decade or 5o ¢an hardly be criticized. The oll-boom brought with it
money in excess and it could perhaps be sald that Mexicsn physicists even had a
chance to overspend it somewhat. Many physics leboratories in Mexico are fully
equipped with sophisticated instruments whose acquisition took place without
regards to thelr high cost. Theoreticlans snd experimentalists have been travelling
more or less freely to international meetings in Furope, South America or North

Americay in some cases their participation being only as chservers.



Scholarships were given to just about any student who applied for them to 20
to the U.S.A. or Furope for a Master's or Ph.D. degree, These have heen, indeed,

years of bonanza for the physles sommunity in Mexico.

] For zome of us, the econemlc crisis that Mexdco suffered in early 1982
was a new experience, The process of recession that the world went into and the
consequent fall of oil prices in these last months have also been new and
threateningexperiences. Many countries, including Mexico, are meking desperate
efforts to adapt and to remein afloat ;the final outcome of this situation can
hardly be predicted. The panorama has drastically changed from what it was

during the 70's for the Mexican scientist.

The effects of the present world economic crisis have already been felt
by the seientist in Mexico. Not only has money become srarce; in the lapse of
& ¥year or so0, the mexican currency (peso) has suffered a devalustion of roughly
a factor of 10 with respect to the U.5. dollar. Drastie measures werec taken b
the Mexicsn government during 1982, as discussed in Section TIT. At one point,
shortly after the naticnalization of the banking institutions, the currency-exchange
market wags closed. WNo tranmsactions could be carried out by the general publie

or the industry with foreign currency. The erisis was at its maximum.

The final overall effect vuich a double (internal and external) crigis
will have an the development of physics in Mexico can, at present, only be
guessed. A few implications of this situation, which are fairly obvious, will

be discussed in the next paragraphs.

A tightening of the budget for the scientific community is expected.
A3 a resiult,

2.1,
2.2.
2.3.
2.4,

less funds will be available for travelling to international meetings
less imported equipment will be accessible
less international meetings will be funded by Mexico L.2.3.

less scholarships for graduate studies abroad will be available

A discussion of these four points will now follow.

& reduction of direct interaction will probably take place between
mexican physicists and thelr counterparts in other cowntries. Hence,
either more locally supported trips to Mexico from the latter will take
Plsce or more frequent,resort will have to be made of international
Programmes for sclentifle exchange that are frequently found between two

given countries or else, via the appropriate sclentific departments that

Ty ey

internatlonal organizations such =s the Unlted Fations (UN) er the
Organization of AmericanStates (OAS), etc., have established in order
to foster scientific exchange smeng thelr member states. A direct
consequence of the above will be the improvement in the guelity of
research needed to obtain funding for given projects.

Fxperimental physiecs in Mexico will be badly hurt. Even though groups

of experimentalists exist in the country who actively have tried to
develop home-made instruments, whenever feasible, and who have sacrified
sclentific production (resd papers) in un effort to develop the know-how
of experimental physics and train well formed experimentalists, many more
groups remain who de strongly and critically depend on imported technology
and its implications, i.e., feplacement ports, maintenance, ete. The
impossibility to develop (design and build) a specifie sophisticated

piece of equipment in a given country must be accepted, however. Realism

must permeate this discussion,

Experimental physics will have to turn its eyes to the country. An
important action will be that of acting as a catalyst for.industry by
promoting links with it se as to "suggest" what and, in some cases, how
to manufacture to fulfill its needs which ape the needs of the country.
Years will have to pass before apprecishle results can be noticed, This
is not & drawback, however; it has ta be done sometime or another since
by experience oﬁtained from industrislized countries, research and
industry are seen to form a gymbicsis; one cannot survive. without the
other. The leaders of the developing nations would do well in remembering

this fact.

Although less funds will be available in Mexico for holding scientific
gatherings, it may still be possible to attract the interﬁational scientific
community. The low cost involved in organizing such meetings in Mexico
could represent an important factor in meking a final decision on the

Care must be exorciscd

however, since the lack of a national mature group in a given field of

rlace to hold the subsequent CONZress or Symposium.

research Is & powerful reascn not to heold an internationsl meeting in

such a field,.

Mexico already counts with first~class scientists in many aress cof physies,

Hence, students are likely to receive a good Tormative training in a1l



put & few sreas of specializstion. The possibility exists of cbtaining

a Ph.D. degree in Mexlco and then go abroad for, say, & one-year pericd
to work cn & pre—detefmined project. When faced with the other optien

of cbtaining = B.Sc. degree in Mexico and then leaving for 3 to 5 or

more years to get a Ph.D. in a Toreign country, the former possibility
presents interesting advantages. For example, the student would maintain
close contact with his home institutlon while working on an area that ,
presumably, is of interest to other colleagues in his country. The option
of travelling sbroad for 3 to 5 or more years 1s also interesting and
could work well provided the institution that awarded the scholarships
maintained a tight supervision on the progress of the student =snd his

or her area of work.

The discussion up to new has been made under the tacit assumption
that the appropriste government authorities will not profoundly medify
thelr conception of the need of such an d1itist activity {(research on
basic and spplied physies) for a country, say, like Mexico. It is of
utmost importance that research be not only maintained but increased,
at a1l costs., The catestrophe that would otherwise fcllow would of course
not be felt immediately. It would take a few years before dangerous
symptoms were observed. That is when it would bde obvious to everybody
why research on physics must alss be a top - priority - activity in
every country in the world.

Only pecple whe are not {(or do not want to be) aware of the
crﬁcial role that research on physics and other closely related sclences
could doubt its benefits. Have they forgotten that, say, light bulbs
have not existed forever; that the telephone and the TV were not Just
hanging from a tree in scmebody's backyard; that they would not be able
to fly had it not been for the people who, throughout the years, observed
snd studied the flying of birds and experimented until one of them,
finally, figured it out, and enother one built the first "flying device";
yes, thet their car they normally drive to work everyday was not one of
God's creation? It is so extremely sad that those pecple who lead countries
and have the last word on budgel matters, are usually the ones that
more easily have at their reach the commodities generated by regearch and
technology, are also the ones that more stubbornly impede the

provision of funds for research.

There is still one more aspect that deserves speclal mention in
regards to'the development of physics in Mexico. To this end, a
translation will be presented next of part of a document written in
1950 by Carlos Graef Fernendez to the president of Mexico, Adolfo Ruiz
Cortinew.

" .with the present sslaries at the Natlonel University it is
impossible +to carry out resesrch. The investigstors nowadays have to
supplement their income with money they receive for teaching or for doing
specific jobs for other institutions; with personnel that integrates
its income with small salaries obtained here and there, serious research
Just cennot be done. The only way to obtain acceptable results in

scientific research is by decorously paylng the investigators'.

The shove statements need to be used in Mexlce tdday. The much
feared phenomenon of physicists leaving their research institutions or,
in the best of cases (and this Is debatsble}, taking up a part-time
(sometimes even s full-time) Job in a different (not necessarily research)
institution, ie here already. The detrimental effect that this phenomenon

will have on resesrch in not difficult to foresee.

V. CONCLUSIONS

We strongly believe that the attitude of the mexican authorities towards

research in physiecs must be drasticelly modified so thaet more support can be

given to 1t, Unless this is done and the importasnce thet the sclentifie community
has for the country is properly ssslgned, the long-renge future for the development
of physics in Mexico does not look very promising.

We as physicists must sdopt an increasingly conscientious role of our
position and possible impact on the soclety we live in and must participate more
actively in the decision meking process so as to guarantee the continued support

needed to do scientifiec research.

We are physicists but, first we.are members of the society we live in.
We are sware of the importance that maintsining research alive has to cur country
in bagic and applied physics. The responsibllity rests on us to help people
become conscious of such a fact. Our hope 1s that this work will contribute to
accomplish such a formidable task, not only in Mexico, but in many other countries
of the world as well.

-y f-



APRPENDIX

The following are selected graphs which will help the resder in understanding
the status of the mexican economy up untli 1981,

The graphs were obtained from officigl government publicetions 91,10)

available to the genersl public. Teo the best of the authors® knowledge, data

for 1982 have not yet been made available by the government to the general public.

Please note that in some of the flgures, a base value has been selected

for cne year and erbltrarily asgigned a value 100,

-33%-
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FIGURE CAPTTONS

Pg. 1. Total foreign debt &t year end and annual increase or decrease in gross
domestic product (taken from Business VWeek Magazine, 28 February 1%83).

Fig. 2. Gross Natlonal Product (GNP] for 198C s generated by the different
sectors in which the various activitles have been subdivided. Note
that one (1980) U.S. dollar was equivalent to 12.50 {1580) pesos.

Fig. 3, Total industrial production. In 1980, the contribution of the industrial
sector to the total GNP was 37.3%.

Fig. 4. Petroleum industry. In 1980, the contribution of this Industry

+10 * 80

(extraction of raw petroleum and natural gas, oil and biﬁ,-—products,

learic petrochemlcal industry) represented 6.6% of the total GNP. +8 Totat toreign “b_t at yearend
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Fig. 5. Manufacturing industry. Thls is the most important activity within
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the industrial sector. In 1GBO it represented 23% of the totsl GNP. +6 1 ‘%“/ 60 /__%_/_

Fig. 6. Consumer's general price index. +4____17_ /'__ ___/_ 7 4 // i
Fig. 7. Consumer's partisl price ilndex. On the average, about 70% of each / / ; 45 /-...?_/_/_

family's income goes into: 1) food, drinks and tabacco; i1} clething +2 — /—/—/— ? 4 / ? é

and shoes; iii) housing. ’/ /
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Fig. 8. Total ezports and imports. Exports are FOB (Free on Board) and ‘% 4 / ? ;
Tmports are CIF {Cost, Insurance, Freight]. 2 /) 15 ; /.,/ /_/_ gy s

' " €[ Real snnusl increase crdecrease [ /| / / /

Fig. 9. Exports as s function of activity and type of product . in gross domestic product A ' / / /‘ % / % é /

Fig. II?O. Exports by product. Some of the main exported products. -4 19—75:;6 -; -;g .7-9 .;6 ’a :3_2 %_3 Y 19';5'76 .7‘:’ T8 '79 'BO ’3/1 .3’2 ’8[3
Fig. 11. Exports. Raw petroleum. , 4 Percent aThousands of millions of U.S.dollars

Fig. 12. Imporss as & function of type of product .

Fig. 13. Imports as a functions of product.
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BASE 1978=100 JANUARY — MARCH % PERCENT VARIATION WITH RESPECT TO THE SAME MONTH
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