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INTERNATIONALIZATION GF SCIENCE IN DEVELOPING COUNTRIES
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on the Celebration of the Award of the Yobel Prize iu




Mr. Chaiman of the Board of Governors, Mr. Director General,

I cannot describe to you how honouraed I feel by your very kind
invitation for me to speak here to-day. As Scientific Secretary to the
Geneva Conference in 1959, I witnessed the deliberations which led to
the creation of IAEA and briefly as member of this Board in 1963, I had
my first experience of how this Board wisely guides the Agency. Since
1964, Mr. Direcior General, I have had the privilege of working as a
staff member of this great organization, as part of your team and under

your dynamic and inspiring leadership.

The Holy Quran enjoins ua to reflect on the veritiea of Allah's
created laws of Wature; however, that our generation has been privileged
to glimpse a part of His design is a bounty and a grace for which I
render thanks with & humble heart.

My firat thought on this occasion is with the great European
experimental laboratory at Ceneva — CERN. This laboratory in 1972
provided the first experimental evidence of neutral currents which are
an essential part of tha prediction of the theory. My thoughts go equally
%o the Stanford Linear Accelerator Center in the United States which in
1978, in an epic experiment, provided confirmation of the second aspect
of the theory — its very heart — tie unification of electromagnetic forces
with the weak nuclear force. 4n experiment at Novosibirsk by a group

led by Professor Barkov confirmed the findings of SLAC.

The theory, as well as the experiment, relating to this celebration
represent meaningful international, scientific collaboration. Since
internationaliZation of science is the subject of my remarks, in this
context, I wish to start by recalling that the history of science has
indeed gone through cycles emong nations, Perhaps I can illustrate this

with an actual example,
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Seven hundred and sixty years ago, a young Scotsman left his
native glens to travel south to Taledo in Spain. His name was Michael,
his goal to live and work at the Arab Universities of Toledo and
Cordova, where the greatest of medimeval Jewish scholars, Musa bin
Maimoun, had taught a generation before.

Michael reached Toledo in 1217 AD. Once in Tolaedo, Michael formed
the ambitious project of introducing Aristotle to Latin Furope, translating
not from the original Greek, which he did not know, but from tha Arabic
translation then taught ir Spain. From Toledo, Michasl travalled to
Sicily, to the Court of Emperor Frederick II.

Visiting the medical school at Salermo, which had been given a
Royal Charter by Frederick of Sieily in 1231, Michael the Scot met the
Danish physician, Henrik Harpestraeng — later to become Court Physician
of King Eric IV Waldemarsetn. Menrick the Physician had come te Salerno
to compose his treatise on blood-letting and surgery. Henrik's sources
were the medical canons of the great clinicians of Islam, Al~Razi and
Avicenna, which only )(i.g'):};el tj:m Scot could translate for him.

Toledo's and Salarmo's schools, representing as they did the fineat
synthesis of Arabic, Greek, Latin and Hebrew scholarship, were some of
the most memorable of international assays in scientific collaboration.

To Toledo and Salerno came schelara not only from the rich countries of
the Bast, like Syria, Egypt, Iran and Afghanistan, btut also from daveloping
lands of the West like Scatland and Seandinavia. Then, as now, thers ware
obstacles to this international scientific concoursae, with an economic

and intellectus! disparity between different parts of the world. Men

like Michael the Scot or Henrik Harpestraeng the Dane, were singularities,
They did not represent any flourishing schools of research in their own
countries, With all the best will in the world their teachers at Toledo
and Salerno doubted the wisdom and value of trainirg them for advanced
scientific research, At least one of hiB masters counselled young Michael

the Scot to go back to clipping sheep and to the weaving of woollen e¢loths,

In respect of this cycle of scientific disparity, perhaps I can be
mors quantitative. George Sartor, in his monumental five-volume History

of Seience chese to divide his story of achievement in sciences into ages,
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each age lasting half a century. With each half century he associated
one central figure. Thus 4%0 BC - 400 BC Sarton calls the Age of Plato;
thias is followed by half centuries of Aristotle, of Buclid, of Archimad;s
and 80 on. From 600 AD to 650 AD ie the Chinese half century of Hsiian
Tsang, from 650 to 700 AD that of I-Ching, and then from 750 AD to

1100 AD - 350 years continuocusly -~ it is the unbroken succession of the
Ages of Jabir, Kawarizmi, Rmzi, Masudi, Wafa, Biruni and Avicenna, and
then Omar Khayam - Arabs, Turks, Afghans and Persians — men belonging to
the culture of Islam. After 1100 appear the first Western names; Gerard

of Cremona, Rogeg Bacon, Jacob Anatoli - btut the honours are still shared

with the names of the Spanish Ibn-Ruahd (Averrces), with Tusi and Ibn-Nafis -

the man who anticipated Harvey's theory of circulation of blood. No
Sarton has yet chronicled the himtory of ascientific creativity among the
pre—Spanish Incas, Mayas, and Aztecs, with their invention of the zero

of the calendars of the moon and Venus and of their diverse phanmacola;ical
diacoveries, including quinine, but the outline of the story is the same -

one of undoubted superierity to the Wastern contemporary correlates.

After 1350, howe;:}f tﬁé developing world loses out except for the
occasional flash of scientific brilliance, like that at the Court of
Olugh Beg - the grandson of Timurlane, in Samarkand around 1400 AD; or of
Maharaja Jaji Singh of Jaipur in 1720 — who corrected the serious errors
of the then Western tables of eclipmes of the Bun and the mocn by as much
ag gix minutes of arc, 4s it was, Jai Singh's techniques wers surpassed
soon after with the development of the telescope in Europe, 42 a
contemporary Indian chronicler wrote: *With him on the funeral pyre
expired also all science in the East.™. And this brings us to this ,
century when the cycle begun by Michael the Scot turms full circle, and

it is we in the developing world who turn Westwards for science.

Daring thie century, in the world of physics, we start with the
name of Sir C.V. Raman of India — the Physics Nobel Laursate of 1930;
then of the Japanese, Yukawa, Tomonaga end Esaki; and of the Chines;
Lee, Yang and Ting. During 1979, was also awarded the Nobel award to the

great Weat Indian economist, Sir Arthur Lewis.

45 Al-Kindi wrote 1100 years ago: ™It ia fitting for us not to be
ashamed to acknowledge truth and to assimilate it from whatever source

For him who scales the truth there 18 nothing of higher

it comes to us.
In the

value than truth itself; 11 never cheapens nor abases him.".

apirit of Al-Kindi, let me acknowladge my personal deepest indebtednaess

to the 1nstitutions which have nourished me scientifically — Cambridge,

Imperial College, London and the Centre at Trieste.

Now, in this contexti the question we muat ponder is this; are the

developing countriea to—day firmly on the road to a renaissance in

sciences - as the West was in the 13th century at the time of Michael the

Scot? Unfortunately, the answer 1is No.

There are iwo prerequisites to this renaissance: one, availability

of places like Toledo and Salerno for intarnaticnal concourse, where one

can light a candle from & candie. Second, the intersst in our own

developing sccieties 1o give the topmost priority to firstly, tha

acquisition of knowledge and secondly,
Phis is what was done, for example, by the Japanese

its dissemination throughout the

community.
Conmtitution after the Meiji Revolution.

Regarding the first point, regretfully, the opportunities for

international scientific concoursa are faat shrinking,
eater restrictions in the traditional countries like UK and USA on
including those from developing countries.

with greater and

gr
acceptance of overseas scholars,
a student at Cambridge, the fees amounted to no more than

next year they will be three thousand and five hundred pounds;

When I was
£70 a year;
an increase by a factor of fifty.
ar that the developing world will need internationally

As T will discuss later, it is becoming

increasingly cle
United Nations agency run post-graduate universities of science —
ch, but also for the high levael teaching of modern

run -
not just for resear

technology and sciences, both pure and applied.

The second prerequisite for development of scienca and technology

is a passionate, consuming desire on the part of the developing countries

and the removal of all internal barriers in its acquiring dissemination

logy throughout their societies and finally, the
Unfortunately, and I say this

of sciences and techno
application of these towarda development.

with anguish, the prognosis in this respect is not very bright.
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Let us consider the acquiring and quality of scientific and
technical kmowledge, Seventeen years ago this Board pioneered in
recognizing that there are two things wrong with science in develaping
countries; firatly its aub—critical size and secondly, that it was not
part of international science. One of the major reasons for scientific
brain-drain then, was identified as scientific isolation in developing
c¢ountries, This Board c¢an take the fullest credit, together with tha
Government of Italy and with UNESCO, of ploneering the first international
centre in a scientific discipline, with a view to increasing the size of

high-level secientific manpower and of removing their isclation,

I do not have to tell this Board how the idea of the Tnternational
Centre for Theoretical Physics has fared since its inceptioa., With
UNESCOTs active help, and with very generous assistance from the Government
of Italy, the Town of Trieate, for which my colleague Professor Paolo
Budini was responsible, the Centre was created by the IAEA in Trieste in
1964. UNESCO joined as squal partnera with TAEA in 1970. Over the 15
years that the Centre has existed now, it has shifted from emphasis on
fundamental and basic phyaics towards subjects on the interface of pure
and applied physics - subjizcts like physics of materials, physics of
energy, physica of fusion, physics of reactors, physice of solar and
ather unconventional energy sources, geophysics, laser physics, physics
of oceans, and deserts, systems analysis - thia, in addition to high
energy physics, guantum gravity, coswology, atomic and nuclear physica
and applicable mathematics. The shift to the interface of pure and
applied physics was not made becauss we thought that pure physics is less
important for developing countries. It was 3imply that there was not
and still is not any other international institute responsive to needs
of technolegical hunger involving the discipline of physics, Parhaps thae
most important example to—day of this is in the field of physica and
energy. Energy is at present the biggest concern of mankind. In country
after country, either new departments of energy have been created or tha
Atomic Energy Commissions transformed to become comprehensive departments
of energy. It is, of course, not my station to suggest to this Board and
the Agency, that it should recognize this fact and concern itself with

energy in all its aspects, so far as davuioping countries are concerned,
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though I wish the Agency did do that. But with the encouragement of the
Scientific Council, and the Director feneral, the Trieste Centre has
felt that it should develop and concern itself with physics and energy
in all its aspects, that is to say, not only the physics of nuclear
power reactors and fusion, btut alse with the physics of solar energy,
including the physics of absorbing and emitling surfaces and photo-
voltaics, as well as mathematical studies of energy systems, As a
functional arm of the Agency, I am sure we have the fullest blessings of

the Board in this programme, and also of the Covernment of Italy.

But to go back to the Centre, every year around 1200 physicists —
half of them from 9C developing countries, these spending on the average,
of the order of two months or more at the Centre, participate in research
workshops and externded research colleges, We have picneered an associateship
scheme which guarantees that top phyzicists in developing countries can
coms to the Centre for a period ranging between six weeks to three months,
three times in 8ix yearws, to work in a stimulating environment of their
peers, to charge their batieries and then to return to their teaching and
research positions. There are 70 such asgociates at present, most of
them financed by the Swedish Development Agency, SARRC, and some from a
special grant from Demmark. We have a network of 52 institutes of physics
in developing countries federated with us, The Centre haa brought credit
to TAFA in the Comity of International Schientific Scholarship - pure,
applied and technological — besidss mearingfuily strengthening physics
and physics communities in the developed and develeping world, I had
hoped that the Agency would create similar centres in oxperimental physics,
in chemistry and reactor sngineering, %o creata and sustain communities

in these subjects, but unfortunately, this did not happen.

But over the 19 yeara that I have been privileged tu direct the
physics Centrs, I have felt more and more atrangled, and never wore so
than now. I used to pride myself on apending half a day, every day, in
rensarch, half a day in administratian. Progreasively over the last five
years, this has become impossible. This is not becauss the task of
administration has become more ardugus; it is simply because the
uncertainty of the Centre's standing in the ecclogy of international

institutes has increased, despite its success, despite ita demonstrated



need. Its very existence is uncertain from year to year. The Cenire
functiona with no long—term scientific staff; iis faculty consistsof
ghort=term velunteer comnitteas. Tt had just one adminisirative officer
and nothing but 18 secretariss looking after the 1200 physicists a
year. But even this skeleton staff had to be cut lasi year.

There is no question that the Trieste Centre still is the modal for
future international assays in scientific collaberation; particularly
for the developing countries. There 18 no question, but the developing
world needs to—day, international institutions of this type, but with
requisite stabiliiy, e.g. on the applied side, institutes like the Wheat
and the Rice Research Institutes, and on the physics side, centres like
that at Trieste. Without intarnationalization, scieace cammot flourish;
such centres, particularly those run by United Nalions agencies, guarantec
standards, guarantee keeping abreast of new ideas, guarantee o tranafer
of science and technology by men whe created it who come to such centres,
moved by iiealism, at a fraction of what others would pay them, If such
international centres are in developing countries, one may even envisags

reverse brain-drain,

My distinguished colleagues on the Board of Govarnors can taks
pride in having token a great step to set up a Cenirs universally
acclaimed and recognized to be essential to the physics in the developing
world, but they must 8lso pay serious atlention to the Centre's health
and stabilisy, Meny years back, the Director Cenerat launchad a special
appsal for the Centre; it brought a most generous response of one
thousand dollars for three years from Sri Lanka, I understand the Governmentis
of the USA and Japan are contemplating direct help %o the Centrs on a

continuing basis, We need other nations to join thomn.

The Trieste example is now being copied with the recent setting up
of an internatiornal centre in mathematics at Nice, by France last year,
the creation c<f a nationa1/1nternational centre for physics in Mexico
during February of this year and a centre for fundamental research,
annocunced last week by the President of Sri Lanka. And during a recent
viait to Latin America, I was encouraged to learn that an intermational

centre on alternative energy may be contemplated in Brazil, another on
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mining — and particularly radioactive minerals mining — technelogy in
Peru, a centre on photovoltaics in Colowbia and an international centre
on petroleum technology in Venezuela. I am sure similar suggestions for
national/international centres will come from countries of Asia and of
Africa which I am locking forward to visiting this year, My own feeling
is that almost every deve%oping country has & technological problem which
needs international scientific expertise, I strongly feel that the
United Nationa systems, IAEA, UNESCO and UNIDO must take a lead through
direct or indirect helping in this legitimate movement towards the
internationalization of science in developing countries, I do not wish
to imply that internationalization of science through such centres is

the whole story, but I do wish to suggest that they are an important part
of it.

In sciences, as in other spherea, this world of ours ie divided
between the rich and the poor. The richer half — the industrial North
and the centrally managed part of humanity - with an income of 5 trillion
dollars, spends 2% of this — some 100 billion dollire — on nor—military
science and development research. The remaining half of mankind - the
poorer Scuth, with one fifth of this income of around one trillion dollars —
aspend no more that 2 billion dollars on acience and technology. On the
percentage norms of the richer countries, they should be spending ten
times more - some 20 billions. At the United Nations run Vienna Conferernce
on Science and Technology held last year in this town, the poorer nations
pleaded for internaticnal funds to increase their present expenditure
of 2 billions to 4 billions. They obtained promises, not of two billions,
not of cne bil}ion, but only one seventh of this. Some observors fear
that at the pledging session in New York this month, unfoertunately, even

this may not be realized,
I would like to conclude with three appeals.

My first appeal is to the developing countriea, In the end, science
and technology among them is their own responsibility. BSpeaking as one
of them, let me say this: your men of science are a precious asset.
Prize them, give them opportunities, responsibilities for scientific
and technological development of their own countries. At present even

the small numbers that exist, are underutilized. However, the goal mus}
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remain, to increase their numbera tenfold, to increase the 2 billions
internally spent on science and technology to 20 billions, Science

i8 not cheap; and in addition, we must not forget that technology in

the conditions of to-day, cannot, in the long run, flourish without

science flourishing at the same time. This was dramatically emphasised
recently to me by a Turkish physicist from the University of Samsun who
recalled that Sultan Selim III did introduce studies of algebra, trignometry,
mechanics, ballistics and metallurgy in Turkey already as long ago as

1799, creating special schools for these disciplines with French and
Swedish teachers. His purpose was to modernize the army and rival BEuropean
advances in gun-foundaries. Since there was ne corveaponding emphasis on
research in these subjecte and since the scholarly establishment in the
medreses who called themselves scientists, alims, had nothing but contempt
for these new technological schools — "furun® - Turkey did not succeed.

In the long run, in the conditions of to—day, technology unsupperted by
science, simply camnnot flourish.

My second appeal is to the international community -- both of
Governments and of my fellow scientists, as well as the United Nations
agenciea. '

4 world sc divided between the haves and the have nots of science
and technology cannot endure; at present an International Centre for
Theoretical Physics (with a budget of 1.8 millions) is all that is
internationally available for physics for 90 developing countries,
Compare thim with Buropean joint projects invelving physics alone, of
4 billion dollars annually. Compare this with the cost of one muclear
submarine; 1.7/billion dollars. One thousand centres like Trieste could
flourish for one year, for one of these and at present there are two
hundred and fifty nuclear submarines in the world's oceans, Somehow,

somewhers a break must come.

And finally, and in 81l humility, I wish to make an appeal to the
Governors here to—day from the OPEC countries. The President of Venezuela
was in Vienna on 14 February. Addressing an OPEC staff meeting, he spoke
of the need for an OPEC international centre for sciences, I would like
to address myself in thias context, particularly to my brothers from the
OFPEC Islamic countries. To some of you Allah has given a bounty — an

~9-

jncome of the order of 100 billion dollara, On the international norms
these countries should be spending 1 hillion to two killions of dollars
annually in supporting science and technology. It is your forebears who
were the great torchbearers of intermational scientific research in the
8th, 9th, 10th and 1lth centuries, I% was these forebears who funded
the first Baiteul-Hikmas - Advanced Institutea for Sciences — whera
concoursea of schelars from Arabia, Iran, India, Turkey and the Byzantium
congregated., Be gensrous once &gain, It is as much our responsibility
in accordance with Allah's injunctions, to add to human knowledge as was
theirs in their day. Spend the billicn dellars on international sciencs,
even if others do not. Create a fund - available to all Islamic, Arab
and developing countries, sc that no potential, high-level talented
scientist in the developing world is wasted, Ny humble personal
contribution to this fund baz been all I poseess = the $60,000 the Nobel
Poundation so generously awardsd me. Rabbana Tagqabal Minna.
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consumers. . We witl mainly {ecus oo the prcing of even higher, since a number of TNUs like Sandoz

drugs, and will briefly discuss the possible protection
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The marketing quality and pricing of medicines
18 tegulyted primarily by the Ministries of Commerce,
Industry & Public Health. For any partieular modi-
<ing to be rurketed, 3t has to he approved by the
Drug Administration, which  tests  the qualuy  and

% This article sppeared in Kretapokkhc I (1981) which is the Bulletin
of the Consumers Protection Society, Dacca, Bangladesh.
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Hyjohn, Cynswide, eie. do net operate lpre diractly
hat, iostgad el their raw  materials and  technology
o Jocal  phurmaceuticala wha  simply  pachexe  the
drugs in question.  Henvce, ¢ can be safely wsserted
that over 9U%, of the pharmacewtical muarker is in

the control of the TNCs, and that the pricing of

drugs and medicines in Bangludesh is primarily de
reemtingd by these TNCs.

The poce of drug e, the MRP s fixed by
Governent (o be  approximately W% of the Cost
and Uigeight (C&F) value (which inclwdes the value
of the raw mateslal and packaging nutenady of the drag
m guestion,  Flig I‘JU% mq.rk-up on C& pricg w
cludes 2097 for msurance, bank charges etey 0%
for distributors aml retailers . commiseion spnd  only
16% 10 40% prafit for the manufacturer. Other siy-
aificunt ¢osls \put enter indirectly nutoe the price of
the drug are lahure and adwinisirative costs, the royalty
paymenty, wonsullants fews, free ?:Illll!]il::i custy, pulali'
cily and marketing costs ete.  Although  the  paper
profits of the TNCy iy shown as 15%, 1o 209 on
the fingf product cost, {1 Ix estiviared that  they
are muking between 707 to a few hundred  per-
cept dotual profit. We now go ing [he details of
the mamn factors conpibuting 0 the  cxcess  prices
apd eventually to the excess profit Leing made by
the TNCs, We will focus on the TNCs as  they
ocoupy an overwnelwingly mmportant positon in the
pharmaceutical industyy,  The wost aponant Factors
in the wver-pricing of dreogs and wedicines ere the
raw material and peckoging materitls costs, the nur-
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keting costs and fnally e fnancial manipulations of
the TNCs,

Nowe thut since the fereigh currency for buying

the pachaging & raw  wmateriols is  provided by
the Banglodesh Government, over-pricing of  these
canses huge losses of valuable  foreign exchange
wnd is u serious ecanontic loss to the countr y.
I Raw Material: Most of the FTNCs are buying
the plapuacentical raw materials a1 exerbitant  costs
al thues T06ST to 20095 higher than the international
prices. The TNCs  rake refuge hehind variogs rea-
suns to justify the higher prices.  For exumpic it is
reported that a leadiog TNC, Plizer has a binding
clause in its agreement  with the Government that
s head olice i the US. will have 10 approve of-
any raw matertal Hwt is porchased. This aljpws Phzer
in Bangladesh to huy the raw waterials  at  exorbi-
tant prices from its sister vomnpanics aliroad and hence
transfer profit out in the name of production  costs.
Most of the U'NCs have such binding clauses in one
lorm or wnother. Another catchword used 1o justify
liigh prices is qualily.  We give a table of the different
e of an essential  drug oxytetiacycline  which
Ulugirales our point, ( See P 22)

As can be seen from Table 1, ICI hus charged
over 35070 more per Ky, for axytetrac ycline than
the minimum cost in Tuble | of Th.522 per kg.
The cluim that the quatity af Pliva Pharmaceuti.
cal s questionable is also fulse, since Pliva pro-
ducts have been approved by the Federal Food anid
Divg Anthority of the USA a5 being of siandard
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Rate per kg.
in Tk.
23kL2
1271
T84
664
522

Rate per Kg.
& o2.40

J 67.82
uUs$ 80.36
us$ hz.00
Ua$ 33.00

TABLE I

origin)

Imperial Chemical Industries,
{Yugoslav

Lendon
Pliva Pharmaceuticals,

Fliva Pharmaceuticals,
Yugoslavia

Source of Supply
Yugoslavia

Pfizer Laboratory,
Glaxo Group Limited,

Hong Kong

{TRC)

1 (TNC)
Labcratories

C
Pharmadesh (Local)

I

Pfizer (TNC)
Glaxo

K.D.H.
{(Local)

{TNC or Local Company)

Name of Company

3.
L,
5.

quality and wsable inside the US. (Note ufso thur
Glaxe iy importing the same chemicat from Yugo-
slavia showing thust the quality is of internationol
Standarfs).

There are numerous other examples of this sort
of oyer-pricing of vaw materials, For example, the
price of Trimethoprim, which is the nmin i.ngref.lig;nt
of Septrin, was put at Th.9600 per kg by ICI
whereas a local manwfacturer  purchased  the  same
Aemival for Tk, 3,000 per Ly, agaln  showing an
ovgrpricing by 300%7 by an FNC, The com of 50
ve of Lignocate, and anesthetic, is 3 cents, but May
& Buker dymanded s dinal orice of U= 120, ot
whirh DU cents wias the onst of e houle jmported
from UK.

The TNCs usually justity the logh price of their
paw materials by yguutiog Ligh cosi of lahor in Western
colniiry’s, the high quality, eise of procurementietc.
Their logic is false, sinve quality vaw materielat a
cheaper cost is what we iwed, ol we  need not
vecessarily by these from the Western countries or
ather costly sowrces.

As one can see, the main loophole being used
hy the TNCx 1o circimvent the Govertiment regulut-
ions is o charge exorbitant  prices  for the raw
materials, and given the binding agrecments that
most of the TNCy have  monaged 1o obtain from
the Government, they row  have o free  hand in
demanding exorbitont C & F prices. Also, fn msany
cuses no back-up material was provided 1o justify
the C&F costs when such was denunded by the
Government.
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Most of the binding clauses of the TNCOs require
that the quality of the raw material be either tested
abroad or be approved by the TNCs main office. There
is no reason for the guality of the raw material to
be tested abroad. It is reported that many THNCs
(eg. ICI, Glaxo, etc.) have excellent local testing
facilities which can assess the guality of the raw
material. Also, loecal quality control laborstory with
modern equipment can be set-up at a capital cost of
Tk.50 lakhs and using the existing local expertise.
Once the quality of the raw material is locally eva-
luated, the consumers as the Government can cbtain
a Tirm grip over the pricing and the quality of the raw
material supply and hence ensure fair praectice. "The
current practice of allowing the THNCs to assess the

quality of raw material abroad should be stopped".

The total import of pharmaceutical raw material
was over Tk. 45 crore in 1979, and it is estimated
that there was an over costing by 40% in this
import. There are three ways of blocking this
malpractice of the TNC drug manufacturers.

Firstly, tc have a centralized import of the

raw material to be regulated by the Government, and
steps taken to ensure that the lowest price is paid

for the standard quality raw material. For example,
the Government can decide the acceptable sources

of supply and the maximum raw meterial price, and

the pharmaceuticals would then import it directly from
these sources at the specified costs. In this manner
over-pricing can be stopped. For example, price re-

ductions of over 50% were achieved in the raw
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tdcrialf costs by e Sate Pharmaceutical Corpuration
ol S Lanka who purchased vaw maoterials for some
privisely owned companies in 1973, Also, all unrea-
sonable binding clauses with the TNCs pertaining 1o
taw material purchase and technology transfer  from
abroatt should be deleted at the time of production
licence  senewal. Secondly, the Government should
develop the bssic raw  material manufaclure  locally.
Currently abour Tk, 3 crore worth of raw malerials
are being produced locally, The experts are of the
opinion that at present we sheuld manufaciure only
sone. spe(-iulim-mf synthetic taw materials, bat that for
the fermentalion raw materials we have auflicient ex-
perlies ta start a"‘multi-purmsc gulibiolic  complex
which would amoug other things produce penicillin,
ampicillin, tetracycline and  sterptomycin.  Presently,
about Tk, 20 crore, worth of these antibiotic raw
materials are Leing imported. A mulii-purpose plant
wanld cost about Tk, 200 crores, and would Le a
strategic asset for Lhe coumtry, specially in times of
wir or soine emergency when the import  of  these
antibiotica coudd be disrupted causing disastrous con-
sequences,  Besides the antibiotics, another Tk.5 crore
worth of other pharmaceutical raw  materials can be
pioduced lugally. The Government should make the
renewal of the production licenses of the TNCs con-
ditional  on these TNCs  producing some  of the
asic raw  materials.  And thirdly,  the  Govern-
inent should allow 1le TNCs 10 produce only those
drogs for which eehnology is cither upeconomical or
dse doesnt exist locally, For lew  technology  peo-
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Jucty Uhe twodigrete, vitanis, cougle syiups, toaies,
glucwse-1) et bl homs shoendd e e anain o
ducers whercns cuvrently over B0 ol ihie pradacss
of the TNCS we of s category. For exampde in
fndie, the PMNUS e alloweld 1o produee TE T wouth
of low tecknology drogs only i ey prdace TR
worth of Nigl echaology products, Theae thoee steps,
hat s centralized poocieement of  raw maderials, die
manufecture by local companies of Loth the raw uae
rials and the Jrugs inveiving less technology  woulld
hrimz Jown the prices of 1he medicines substantially,

H. Pack "lﬁ!-gh:'?!rﬂtf‘ju‘ff_ Abaut k. 15 croe
worth of fuckaging material was imported jin (979,
anted fornw an Inmportant  component of the medi
ene’s  price. For example, baothe pee of - Deaol
manufactured by Robinsons Food, 66,/ of ilie  cost

is the price of the imported hottde. The Governmen
made repeated demands on Robinsen Fuod g produce
ar provine the Lotthe locally o hat o we aemill Tl
cost of packaging materal 35 over HLF Tor a Luge
number of drugs, aml for all the drugs which an
hotled or are in vieds ood amposles,

il main calegories of packoging material  ue
bottle tamber colored, clear glass and plastic), neutial
vlass vials, ampoules, pelatin "eapsates aud foil pach
g, Of these categories, only a fuwetion of  ible
howtle requiversent is bwing prodaced lecatly  wanth
Tk ceore. The rest of the packing nutteriul is
being import at un estimated over-pricing of 30°..
¢ There is alvo an  aver-priving of 10% in the
overall freiglt costs)). ‘ ’
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Yo atep this nelpacnee, e Govciaent Slunald

caact Jepislalion (o cloeely tepnline, ol i neeousiny

contiol le procuteinent of e pad haing: el

Fhe Govenanenl shoald alus eneoucage e loeal
vl te of «ther o ul pachmg, Al ok which
can e ‘,.wnln.n.l. n:;..u..u‘w-u::_. LEda e ;U‘.'ul\"l:
much capiial or teclinology.

WL AMtheting © 0 Fhere are fivo main forms of
niarhering  malprictices adversely affeciing the Con-
simery.  The first is the creation of scawrcity amd
the consequent high prices it the consumiers are
forced 1o pay. The other s the murketing af drugs
wnder bramd mames, inwhiclt case the coistmer pay
tore for o hramd  nane  that iy owell aefveriised
Whereas the sime dvuy 1s availabde el cheaper
cast under a different bramd tame.

Bois o common  cxperience o Dacea il when
some medicing is searce, one has w pay far above
he Maximum  Retail Priee ( MRP ) that b marked
on the medicie, amd no receipt for the excess amouout
gatdd is pnvens The production leved of  thee pharmic-
centieal eorgEnues has tvo aspeats, fostly o prodoce
boss so s (o onaintam hiph market paives, sd the
other is o prodwee wore than approved amount since
she  product is more profiable. We  ilastate the
marke ing practice of the TNCs by giving the pro-
daction figures of Glaso for 197677,

As can be sven from Fable 11, Glaao  shordfall
e the winimuem quiantity  lised by the Guvernment
for antibiotics 35 2992, Sindlarly for cintnent, vial

and ampoute  injectalles  the shorfall was 1%, 5157
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Thin wder production adversely

and 97 respectively.
mentioned eailior. On the

alivets the consumers o
Glaxe has over-prsdueed oral liquids and

cough syrop and  vitaminsy by

they found 1ts market luera-

uther harl,
tabtets (which includes

rLws For s . -
Tl aned HHYL hecanse

Live aud conbd booet thedr profies. UL cousse, the

IUs alwigs fave sonar qusiifications for their under
aned over production and only a chose mwnituring by

e Government or acitizens body can regulate supply

cliectively.

Tlise types ol maiheting mdpractices by the

TNCs disrupts  the supply  of esseotial  medicives,
creates artificial shortages and henve causing suffering
and i somse eases evenleath 1o fagge numbers of

consumess. Awd i opepates the Govermen overall
planning for  the steady  supply of medicings. The

Government shoulih take action against these types of
contravention by the  TNCs and  should huve well-
dellned penualties.  The Governuent should alsvo for-
hid the murheting of datigerons, cxperimental and
fternationally batined  drugs as well ws drugs with
no proven medicinal values, sooas 1o profect  the

comumery.  The Governument siwuld also compite a

st of essential drugs and ensure a steady supply of
The local numufacturer should be encouraged

these,
ciscutlad drugs

by the Government to podace these
o as o lave a natiopally depeadable souce of Sipp-

e distribution side, e blck narleling and

¥
by the retaders and diviributoss shoulld  be

hoarding
opposed both from Lelow Ly e cousumars, anel alsw

From above by Governmeut repudations, Fle Govern

22



ment shonld aloo Lelp  the maketing  of  essential
drugs i coperation with the local manufacturers, amd
establish an alteinalive retail system uwsiug the Raral
Bealth Clinies cte. a3 possible  retai]  outlets. The
Goverinent should also set-up Fair Piwe Medical
Shops to ensure the steady supply of quality drugs.

“The narheting of medicines  wder brand  names
also adversely adfecis the consumers,  Mast drups have
thiee maes a) Chenienl mame whiel pives the complete
chemsical compuosition of (he diug and ean be under
stuad aaty by o chemist. by Generie nae which
is the estublished vare and can he understood by a
non-chewist. € Brund voone s (e designaiion yivon
by the manufactiier to the chemiea!.

An importast miccketing malpracticc in marketing
under bramd naiies s that the chemical CullipOBitiv
of the diuy is often vot meatiosed 10 the | aclkuging
nuiterial.  Tenee, the drug companes  ciinol Lo tahen
W task i oan analysis Gdows g cernon harmful ur
unspecified chewcals are presest i the doug. The
Govermment should pass a  low  tha  the explicit
chemical composition of the drug st be clearly
priveed on ihe packaging  materiol | alyo ol the
possible harmful side-cffeces of the drig st e
elearly stated. The Government showld  also Dom
time Lo time do o samphe testing of the dongs and
check that the diugs cangusition is the spectlied one.
This testing should also he  done by citzens  aud
Cousuers associations so as o have fwiler protec-
tion of the consmrs.

For example the gonene chemical  nctranidieole
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i5 belog sold wader theee brand  pames Klion, Amodis
and Flagyl, The current market cost of Klion, Amodis
and Flagyl for a 50my, tablet is S0p, 60p and 100p
respectively, and  hence the cost of Flaygy! is 100%
higher than Klion.  Sioce (he consuuers canuot iden-
1ify these two medicines s being the same, they are
w Seae cases paying twice the amound for the same drug.

The warketiug under a0 brand name is linked to
the high  presswre sobes tactios being vsed by the TNGs
o convinee doctors to o presende theis braned  names.
The practice of piving fice sinples o doctors s also
ahighly questonable way e promoning sules, and
also adds (0 the hi};'l conting uf the mctliciws,

The Goversment showdd sustcad  fnroduce  the
practive of markeling drasy under the generie names,
vl the Witnifos s ers iae can foltow the generic
name i paranthesis. Fovconple, Tl posocd o baw i
981 that eleven esaonnnd dines can be wnaleted only
uoder the penerie nane 5 for the retnadning Jdrugs,
the generie wmune has 10 b pgivin o bokd type right
et b ahie Liaond ianze, Iy his By ihe COLS LU
oo c']l(m:.(' lu‘l\\'--t‘n the e l!‘v nlxu;-‘ el l'l(‘ o=
ot ol b e acuien, netead o Lei, Lelplessly
i the eads of e TNES 1 s endined that of nme-
dicines e e heted wndey gl pencie raaes, s
woull bring down the e by 25070 and would also
allow more peopde to aiford 1o Dy e lieines.

Voo Foancivl Morpatasions © Ulus 08 a rather
wehiniead subjocr, el nceds Bophily s cidived cvquents
o bl down the jugeding of e accontitig hgures
by done Ty the TNCs. We will sitaply jove i few
esittples woslustoote our janat,



The most hmportunt means beity used by the
TNCs 1o avoid Govermment regulation is in the over-
pricing of the imported packaging and raw  muterial.
T should be  specilically noted  thiat all the forcign
currency  volved  in importing  packaging  and rew
material is provided by the Bangludesh Baulk, and the
depletion of our foreign curreney reserve by the means
of over-pricing is a major loss w0 the  country. By
doing so, the TNCs  Desides over-prwing  the  finad
product also transler foreign cureney alnoad  which
otherwise would bLe foilidden by Governinent rejgula-
tions conceridng repatriation of  profits abroad, They
also escape paying ineome tax on thoir actual prohits
and hence are depriving the Governnent of huge sums
of revenue.

A common gllegation lnouglt apuinst the TNCs,
but difficell to prove, is that in bupurting the aw
material, the TNCs do the following : They open a
Letter of Credit (1.C) i the vame of eir ynincipal
fur the given raw material o their quoted Gnd su-
ally wvery highy rate, with the coudron thae the port
of shipment is  anywhere in burope. Their head
office shelves the ial LC, and opens  another LC
for the same raw naterial but from a el elwper
somrce, wed las 0 Danssshiped o say Chittagong
frem  somewhore in Lurope. In this  muamer  they
can make upto 30070 profit on the cost of the 1aw

wateriale  n privcipal, this opening of donble LC's.

can be detecied by cfficient coxtoms  officialy by
closely inspecting the curgo includivg  the wmakiigs
on the packing cte.  Also, as « proventive measure
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there should be a cliuse in the LC Jorbidding
trans.shipment and having numed port of shi pment,

Angther type of financial manipulation is 10 dis-
guise profits us local costs and hence increase the
price of the drug, escape income tax as well as
clrenmvent the Government regulation regarding tne
repatriation of foreign exchauge abroad. For exam-
ple, in 1976-77 Glixo declared its selling and ad-
ministrative expenses 1o be Tk.1L7 crore, and on this
hasis claimed a 279 mark-up on the factory cost for
the overhead expenscs in determining the price of the
drug, However, on closer examination, it was found
that in dhe selliug aud administrative expenses, Glaxo
had included an amount of Tl.38 likhs paid for
royaliy aad consuManey fees and TkAQ kkhs  paré
i mterest on bank overdratis,  This amount ie. Tk.
78 lakhs is not an expense that can be included in
the pricing of the drug according to the Governments
regulations.  Subtracting this quantity out gives for
ovealiead cxpenses only a 159 mark-up on the faé-
tory cost for the prive of the drug, Hence rhis extra
amount of 12% would have heen extracted from the
consumers by Glaxo as profit and would have gone
against the regulations of the Government.

Another example is the manner in which excess
foreign currency is being repatriated abroad. In 1975
Hoechst showed short term foreign currency loan of
TE2.2 crore whereus the Government had sanctipned
it a loan of ouly Tk.0.8 erore. Together with the
interest on Tk.2.2 crore, which was Tk.0.7 crore, Hoe-
¢hst repatriated abroad a foreign currency worth Tk,2,9
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crore, well vver TRhOLE Croie i exeest of ihe aonsl
sanctioned by the Governnest, and lwnce causing
wajor drain on forcign currency, The comuany could
have re-svaluated Gts assests and  prevewded this drain
v opur foreign cuotrency reserves,  However, in 1974
Hoechst revalued sy assests and  absorbad o prolic
of Th82 lukiis as capital reserves, I1 is interesting
w note that Tocchst had o pard wp capital uf ouly
Th14 lakhs in 1976, and was doing all iy dealiog
e oeroreg of takas wsing bunk overdialts e, the faal
cost of which was borse by the consmmers in the
form of high priced drogs.

To effearively encourage the growth of dic locd
pharmarentical companies, the Governneent sbould vom-
bine strict quality control of the products of the local
campaniés together with liberal financial assistance
and appropriate legislation in favour of, these  local
conpanies. Only by foreing he Jocal  plunmaceuncal
cuinpanivs to have good quelity producta van the cun-
swuery have confidence ia 1he local compunics, Onee
the local companics can ohiain a [uic share of  the
market due to their quality products, the Government
can lhen take approgriate steps {0 further encowruge
the local manufucturers awd restrict the disprortionate
contiol of the TNCs an the local medicine nuahet,

I summuary it can sufely concluded thar  the
high pricing of drugs is muinly duc 1o the ex-
cessive profits heing made by unfuir and unetlhical
activities of the multinational pharmacentical com-
panies starting from the procurement of raw materials
anid packaging materials (o freight costs, and ending
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tp i dabions macheting practices and legal mani-
prdations.  These nedpractices of the TNCy  cause
serious lossex of foreign exclumge und revenues (o
the country. The drugy are alse being vver-priced
by wt deast 40V5-300 and in a poer country like
Buangludeslt this mewns inereased human suffering, and
undacceptable  excess  profit extraction  from the
CORSUINCEY.

It should alse be noted e vur counny has a
rich and old tradition of local  indigencus medicine
tostly using fierbs and roots. The Covernment  as
well as private medical socicties should setiously en-
courage research duto the  indigenous  medicines by
appropriately  funding such projects and place indige-
nows medicines on a0 sound scientife basis. By then
populavizing these indigenous medicines, a number of
common ailments cad be cored fuexpensively and also
will substantially cut down ou impnt of raw material
ele. from alwoud. The system of using  indigenous
medicines in combiution with Western medicine has
been widely practiced in China, with remarkable sue-
cess. Sumilar steps should be taken in Bangladesh and
specially since the rural population will be greaﬂy
henefited by tlis,  tHowever, curtently there i3 no
legislation  controlling the quality and marleting of
these indigenous medicines. The Government should
frame appropriate laws for the marketing of these
medicines so as to protect the consumers,

Sume people uy to shift the entire  responsibi-
Ity of fair pricing of drugs onto the shoulders of
the Government, They  clam  that  the TNCs are
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always fulluwu;;; Goverasicnn eguladions,  aul o
it is enticly die Goveraments Jauly if the malprae
ticey of thg FNCs sre ot doere) ainl eraelicated,
The weak role of e Government tetelaiion w1
TNCs 5 defiingely one of the major  cies af e
TINCa havh‘lgl u fice b however, 1t shauld  not
be forgotien thut the INCs form o powerful lobhy
which is active i, wifuirly whuencing  he  Govera-
ent f[’q]lli belgud the scene. And also, it ihe
main henéfiriary of ithese exoess profis of the TNC,
are the “INCs hemselves, and hence the main - and
rovt cause of the malpretices in (he pharmaceutiva]
sectors, ilpnw,'giwn the wenh  and concitliationisg
position 1glic;| Ly the Guvernment, as  well gy the
fludgling state of the local pharmaceutical ColpNicy
iy relation to 'the TNCs, the unly force thyp can face ap
1o this situation 4re the consumery themselves,

The tunaamentul solution 1o this malpructice of
the TNCs iy to muke the comsumers wvare of the
harm thar the TNCs are cdwsing o them.
baged on ithis awarencss, o Jorm u powerful con
symery lobhy {0 monitur and gvaluate the activitipy
of..rfu’ pharmcenfical TNCGs so ay fo intform, educay,
aryd profect the consumers | and also  to Rersyude
and pressurize the Gavernment to fni¥s Strict fugis
lation candrplling the activiries of the TNCs. Thiy
consumers lobby  should also support  the  fogaf
growth of the pharmacentical raw material, puckaging
and formulating induscrivy as 5o to bring prices down
by using indigenous resources, and uiso o make the

country free from these munipulation h ¥ TNCs which
ure 1o the deteinens of the ndiional intcresyy,
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ARSTRACT

It has been noticed that economic inflatien in

Pakistan needs to be described in terms of two sectors

vather than by a single inflatlon rate. The problems

arising from this bifurcation in the ecconomy are diascussed
briefly A possible connection between this phencmenon
of dual sector inflation. and importing s technology rather

than develcping it indigenously is explored.
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I. INTRODUCTION

I would like to discuss here a possible connection between importing a
technology and the phenomenon of dual sector inflation 1), which will be explained
shortly. The study conducted so fer has been limited to Pakistan, but there
is some indication that the findings obtained there apply to other countries
which have imported technologies instead of developing their own techmological
base. {The distinction drawn here should become clear later. ) Of course, much
work needs to be done before the 'indications' lead to & concrete theory. Tt
is hoped that people ground the world will check the conjecture for themselwves,
and T would be happy to learn sbout its validity from them. In the meantlime
I am assuming that the conjecture is true and proceading to discuss policy
implications on that basis. Before proceeding I shell briefly review the dual

sector inflation model.

As everyone knows, inflation is the self-perpetuating rise of prices.
The most complete description of inflstion in an economy would be a total time
chart of all the prices of all the commodities. 0f course, such a chart is
of little use in the future. Nor can it be easily used to predict the price
of a '‘typical' commodity at any time. The purpose of the statistical index
called 'inflation rate! is to provide an estimate of the future price of the
‘typical' commodity. For this index to fulfillits function the uncertainty
of prediction should be substantislly less than the prediction itself. If
guch & situation exists a single inflaticn rate is a useful index, but if it
does not more than one inflation rate must be considered. Zince a random
bresk-up of a semple would increase the effective uncertainties, a break-up
which reduces the effective uncertainty can be reasonably expected to have scme
econcmice significance. If an analysis with two inflation rates gives regsonable
predictions where a single rate does not, the dual sector model would have to be
used. Even otherwise the dual sector model may give some useful information
which is hidden in the single sector analysis. Let us first look at some toy
dual -sector models so as to be able to understand the significance of the more

complicated, typical situation.

1I. SIMPLE MODELS COF DUAL SECTOR INFLATICHN

Tn the simplest case (see Fig.la) where two sectors start at different
price levels and have the seme, constant, inflation rate, the break-up seems

artificial, and the single inflation rate is a better description, However,

2t

with the inecreasing inflation rate {see Fig.lh) the dual-sector model provides
new insights, not avallable in the single inflation rate analysis. One sees
that the price difference between the two seclors goes on increasing. However ,
in reasl terms (the price difference rescaled by the infiatlon rate) the price
difference doss remsin the same, The dual-sector effect is most dramatically

displayed 1f we have one sector inflating and the other deflating at the same

rate (sec Tig.2). In this case the single-secter analysis would give a zero
inflation rate. Tt would not help in predicting thaet one lot of commoditlies
would have rising prices and the other falling prices. Nor would it predict

the erisis that would come when the falling pricez hits zero and the other sector
continues to infiate. A more typical situastion ls given in Fig.3 where two
nearly equal sectors are inflating at different, increasing rates. The initial
single inflation index, may be reasonably good as the Tscatter' between the

two sectors is smell compared with the inflation rate. However, after a certain
stage the 'scatter' becomes larger than the prediction, as the sectors diverge
enough. At this stage the single-sector inflation model ceases to be good and

a dual sector model becomes essential. Normally econcmists try to deal with
this problem by re-indexing their prices. This 'remedy' has the problem that
the re-indexed prices become sensitive to the choice of numeraire. In fact,

one should give up any attempt to represent the situstion in terms of a single-

sector inflation model.

ITT. DUAL SECTOR INFLATION IN PAKISTAN

The sctual situstion is that there ere a number of different commodities
each with its own price variation over time. The average inflation rate is
cbtained by teking the weighted average change of prices and dividing it by the
time interval over which the change is observed. The 'scatter' mey be obtained
by the standard deviation for & large sample and 4 (the standard deviation
divided by the square root of one less than the number of commodities) for a
small sample. The remsonshle confidence level is twice the standard devistion
for a large sawple, 20 for a small sample, and the sversge of the two for a
medium sample. In the case of Pakistan 1) the single index (over 4l commodities)
is (11.2 + 17.6)% (using the stondard deviation). The single sector analysis
is obviously inadequate. On separating into the sectors of consumption items
(16 commodities) and production items (28 comodities) the inflation rates are

{16.9 + 14.4)% and (6.2 * b,0}%, respectively (using the stendard devistlon rlus a).
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We have two fairly reliable predictions instead of ome unrelisble prediction.
If one can plece & commodity in a given sector one knowe the expected Inflstion
over a sufficlently large pericd of time. These wvalues are based on
Government flgures 2 which seem to show lower inflation rates than are
believable 3), and thus minimize the dual sector effects discussed above. A
more reallstic analysis gives evern bigger differences showing about 20% ang 5%

(approximately), respectively.

v, ECONOMIC SIGHTFICANCE OF DUAL SECTCR INFLATION

A natural question to ask, at this stage, is why there should be more

than two sectors. Clearly, too many sectors will reduce predictive paver
instead of increasing it. However, there is no fundsmental reascon to prohibvit
more than two sectors. In fact, if two sector analysis is not adequate for

obtaining rates whiech are greater than the uncertainties on them, one may need
to take more than two sectors. The interpretation of the analysis will, though,
be much more difficult. If new insights can be obtained using more sectors
there 18 no reason to limit ourselves to only one type of analysis using one,

or two sectors.

One of the importent insights obteined from the dual-sector meodels is
the discrepancy that arises between the income and expenditure of = worker in
an economy like Pakistan's. The expenditure goes up on the steeper consumption
sector inflation, but since he is a preoduction commodity himself, his price
(vages) goes up onthe shallower production sectors. Clearly, at whatever level we
set the subsistance level price, the worker will fall below subsistance level
at some stage (see Fig.h), At this erisis point he strikes and gets his weages
raised so that he again rises above the subsistance level. Due to the increase
of the inflation rates the strikes ask for greater wage rises and come out at
shorter intervals. The ever-increasing divergence between the two sectors

indicetes that his is a very poor remedy.

-V, IMPORTED AND INDIGENCUS TECHNCLOGIES

On a very rough survey it mppesrs thet this phencmenon of dusl sector
Inflation (1.e. the divergence between the sectors to sueh an extent that they

cannot be meaningfully regarded as one sector) is a malaise of the under-developed
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countries. I am unable, st present, to provide any concrete suggeatlon aa

to how 1t can be curved, though I do have gome tentative ideas which I shall

not discuss here, The conjecture mentioned in the beginning is that the dual-
sector inflation may be a conseqguence of importing technologles rather then
developing them Indigenously. Let me explain the difference hetween the two.
By 'imported technoclogy' I mean a technology a1l of whose compeonents, or a
large portion of them, have to be continually imported. An 'indigenous
technology’ is teken to mean cone in which all, or nearly sll, components are
indigenously produced. At any time it would We chesper to import some components
rather than manufacture them in the country. However, such a policy probably
lesads to dual-sector inflation and introduces new problems. These prcblems may
turn out to be more expensive, 1n the long-run, than the development of the same
technology indigencusly. L am not seying that the import of technologies is
the only cause of dual-sector inflation, but only that I believe that it is cone
of the causes. Let me now suggest the obvious remedy for this particular cause

of duel-sector inflaticn.

V1. POLICY IMPLICATIONS OF DUAL-SECTOR INFLATION

I would suggest that & conscious cholce be made as to which technologles
should be developed. The choice must depend on what components of the technology
can be reproduced iIndigenously. Only those technologles which can be mainly
developed indigencusly should be considered. In the case of a technology which,
at the time, requires a few imported components,a programme must be started to
produce the component Indigenecusly, and a deadline given to meke the technology
completely indigencus. Till such time as a given technology can be largely
indigencous, it should not be started for commercial use. Though a static, or
short~term, analysis will prefer the apparently cheaper poliey of importing
the components of any technology, any long run dynsmie analysis will prefer the
policy of developing every technology which is to be used indigenously. The
technologies develcped must be used with an intensity that can be supported

internally - and nc more.

The next step would be to invest new technologies internally. For this
purpose one must have a strong base of fundamental science available within the
country. It is, therefore, necessary to maintain a core of basic science while
developing the technologles internally. For this to be possible equipment for

selentific research and teaching must remain available, even when it is not



inter.w Tv nrodur:d.  Thus the suggestion is, really, that all technologies

for copmercial use must be internally prodessd  hat the fechnology to subport
the science base may continueto be imported for a longer time. Tt will clearly

not coniribute to the dual-sector inflation as it is a very small fraction of the
total economy. (Similarly, other essential technologies which form only a small
part of the economy may be imported. ) We need to have basic science to provide
the manpower and ideas for developing new technologies, more suited to the needs
of the particular economy than the copied technology. Only a society which has
this ability, and the desire %o create nev knowledge can ever hope to compete with
other countries. fnd a country without hope ceannot survive. Putting money into
besic science may be regarded as sn insurance for the future when the country will

have dealt with most of its more pressing problems.

To summarize, I have pointed out that there is a bifurcation in the
economy of Pakistan. This bifurcation appears to be a general problem for
underdevelpoed countries. I have suggested that this precblem may be related to
to the import of technologies. If this is true the steps suggested above will

need to be taken so as to remove at least one of the causes of this bifurcation.
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FIGURE CAPTIONS

Fig.la - Two sectors of equal weight have prices P. und Ly at some time and

Fig.lb -

E

1
an equal infletion rate, The situation is better represented by the

Single sector at the average price P indicated by the broken line.

The two sectors now have an Inereasing inflation rate. Clearly the
money difference between the two sectors increases with time. Due to
the rising rate of inflaetion, however, this needs not to be a real

effect, but merely a monetary effect,

Inflating and deflating sectors of equal weights, The net inflation
is zero. Clearly, much useful information is suppressed by the single
sector model (dotted lipe). In particular, when the defleting sector
hits zero price it becomes a sector of free commodities. Apart from
the crisis in the economy when half of it becomes free, we see that the
average picture shows a sudden rise of prices {after the crisis) which
was clearly predictable by the dual sector anelysis,

The typical inflation situstion. Two sectors start off close together
but have different inflation rates. With the passage of time they diverge
further and further. The realistie situetion would replace the two

hard lines by 'fuzzed out' lines to account for the scatter or
commedities within each sector. The single broken line would, of
course, be spread out much more than the two hard lines in a situastion

vwhere a dual sector analysis became necessary.

The wages of tﬁe workers go up on the shallow production-sector inflation
curve, while his expenditure goes up on the steep consumption-sector
infletion curve. Notice that if we set some minimum expenditure for
the worker at any given time it will exceed his income at some stage.

The inevitable strikes at this stage will only provide temporary relief,
Due to the rising rate of inflstion this temporary measure (dencted by
the dotted line) will have to be invoked more and more frequently for

larger and larger income rises.
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MOROCI

OBSERVATIONS ON SCTENCE EDUCATION IN DEVELOPING COUNTRIES

T. Adawi

University of Missouri-Rolla, Rollae, Missouri, USA.

Education is not a lwoury. It is a2 basic necessity for the well being,
if not the being, of a nation. Nations rich or poor, large or zmall, must
offer its citizens a sound education. The developing nations, in particular,
must be fully aware that a good educational system offers the best hope for

solving many of the 2conomical, socigl and cultural problems which these nations

face.

I do not claim to be an experi on educational systems Ln developed or
developing countries; but I do have over two doren yesrs experience in research
and educatlon, and strong ties to developing nations. I am a Palestinian Arab
by birth and heritage, and an American by citizenship and edueation. My college
days began at the Arab College in Jerusalem and were interrupted in 1948 by the
tragic events of Palestine. For two yeurs 7 Laaght mathematics and physics
to baccalaureate classes in Syria before ieaving for the United States to seek
an education. After nearly +thirty years in the United States which | spent
in studying, teaching and research}l returned at the beginning of thiz year to
the Arab World as a Palbright Lecturer in Moroceo. 1 lectured for aboubt six
months on Solid 3tate Theory at the Faculty of Sclences of Mobammed V University
in Rebat, and vigited two other universities in Moroeco. I have had many
discussions with educators from meny countries. In many instances, these
disctuissions confirmed what I believe to te the problems of sclence education in
developing countries. I hope that the cobservations which I would 1lke to make
will not scund toc eritiecal, If they should, I trust, they will be taken in Lthe
spirit of constructive criticism, or accepted in the Boerates tradition of
"know thyself". We must know our ills before we can find a remedy. What are

then the ills of science education in developing countries, and what can be done
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about them? I will not choose a certain count:y and discuss its problems,
but I will discuse the typical and general problems which seem to be common

to all developing countries.

Let us cansider the problems related to the integral components of the
educational sysiem at all its levels; elementary, serondary, tollege and
university levels. These components are students, teachers, facilities,
government and society. We shall later consider the problems of introducing and

implementing research and technelogical programs in developing countries.

Teachers tform an indispensable element in education. Most of us
remember how a certain teacher instilled in us the love or hate of a certain

subject. Ahmed Shawqi, the modern Arab poet, Wwas not exaggerating when he said:

"Rigse and give the teacher ali due respect.

A teacher is nearly a messenger of God!"

Personally, my love for mathematlics was greatly influenced by my mathematics
teacher in Jerusalem, the late Jamel All. He was & dedicated and enthusiastic
teacher. He will long bue remembered by many students he taught in the Arab

world. There is certainly a shortage of science teachers in developing countries
and there is a greater shortage in good teachers. Good teachers can teach, can

counsel, and above all can inspire.

There are tendencies to eguate learning with memorization especially
among the less motivated students. A1l that a student has to de is to spend
a month before the final examination memorizing the lecture notes. The questions
are invariably from these notes, and the student who remembersthe notes well
will pass. Good teachers can remedy this superficial educatiom. They can
explain the basic ideas and impart a thorough knowledge of the subject and

make memorization unnecessary.

Many buildings for schools and colleges nre inadeguate. There is
hardly space for the increasing numbers of students, let alone offices for the
teachers. I know of a college which was intended for six hundred students,
houses now 5ix thousand students, and has no room for expansion. As 8 result
the claszes are unusually large and both students and teachers are unhappy. I
was pleased to visit another college which was erccted on spacicus grounds with

a great deal of voom for future expansion.

The laboratories are seldom well equipped. The libraries are usually
small and do not meet the needs of the students and the faculty as important

reference works are sbsent. Good teachers with o limited budget can design
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many good experiments in basic sclences with very little money. A radio set
which works, for example, can be built ftor a few dollars, One can also exercise

careful selection in library acquisiticns to stretch limited budgets.

Government &and society play a vitsl role in determining whal educational
system & nation must have. It is important that these bodles act responsibly
and place education at the top of the list of national goals, Education must

receive generous support, both moral and material from government and society.

I would tike to steer away from politics, but I must say that politics
does not belong in the c¢lassroom. Most utopias picture the heads of state as
exceedingly wise, let us hope that the governments will have the wisdem to leave
polities out of the educaticnal system. The educational system must be insulated
from politics. No high post should be given to political proteges. Political
beliefs should not determine whether a teacher or professor is hired or fired.

A society which values its educational system {as it should) must strive Lo make
edcuation free from polities. This is wvital esperially in countries which are

still struggling to achieve a stable political aystem.

Let us now consider the topic whieh all of you are eager to discuss, namely
researc}bdevelopment and technology in developing countries. We all agree on
the need for introducing, or improving, research and technology in developing

countries. 1 hope that my observations will be helpful towards this goal.

Technology cannot be imported. It has to be developed locally and
sustained locally with the aid and help of developed countries.

Train people &broad and when they return use them effectively. Ir
this is done the "brain drain" will stop. There will always be those who will
leave their homeland to live elsewhere for various reasons, but many of the
trained scientists, engineers and technicians will stay in their countries and
help its research and development programs, Effective use of tralned people
calls on government and society to give them a free hand and riot burden them with
bureaucretic duties and excessive number of hours of teaching. The nation must
have confidence in its trained sens and daughters who in turn must dedicate
themselves to the service of the nation. Not all "foreign" experts are better
than the "local" experts. The "local" experts can in time buiid a tradition in

research and technology which future generation can continue. A Deg-

must be made. The time is now and no force 3 stop an idea whose time has

come.

There is no gquestion that developing nations ran train {«nd ir some uases

have trained) the necessary numbers of scientists and engineers for ti- ragearch

and the technologicel programs. Human resources in developing countries are
more than sdequate and intelligent human beings are born everywhere and not
only in developed countries. Material rescurces, however, are lacking in

many countries, It is important for developing nations to cooperste. Despite
their long tradition in sclence and technology, many of the Buropean nations
found it necessary to join the Commom Market. There is no reason why there

is no Arsb or African or Asian Economical or Cultural Union.

The nations of the developing countries face a challenge to unite on
two fronts. Firstly, the nation itself must be united in its determination
to enter or participate in science and technology. Secondly, the various
nations must unite and share their wealths of human and material resources for
the benefit of all nations., . They can decide on their needs and develop together
suitabie research and technological programs to meet these needs. Research

and technology can be started in fields such as:

Agriculture in all its branches;
irrigation methods;

reclaiming land from the desert or sea;
desalination, fertilizers
petrochemicals;

electronic components.

By research I mean basic research which might be considered by some
a luxury which developing nations do not need. This is not true the above
mentioned programs do call for deep understanding of basic scientific questions.
One nation ®Bight not need or cannct afford to engage in basic¢ research, but
collectively the developing nations can and should together create programs
in vasic research. Basic research once more calls for cooperation among nations
to build & nucleus of research workers who will estsblish a tradition in research
and attract future gifted young individuals. The torch will be passed and the

blaze of learning will continue to shine as it did shine once before not long

ago.,

coperation among developing nations, which iz essential, can take
many f{orms. Une country can nave, [or example, 2 medical school, another an
apricultural school and a third a research centre. These institutions would

be open to all students and faculty from all the cations. The developing

nations must maintein good communications among themselves and among the developed

countries. Visits and exchange programs within the developed and developing
countries should te enhanced. The International Centre for Theoretical Physics
serves as & shining example. Let there be more centres open to developing nations.
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Developing nations must rely on themselves to reach thelr goals in

science and technology. There is no gubstitute for dedicated local individuals.

The attitudes of society must cuange, or be changed, to allow these individuals

to function properly. If T might change a word in Lord Byron's advice to the

Greeks
"In native 'minds' and native ranks
The only hope and courage dwells". ¥)
The problems are immense and the task is nearly impossibdle. But =
beginning must be made, We can easily despair but there is hope. Hope in

the neble human spirit which fights against all cdds to reach its gosls.
There are many of these free noble spirits in the thirld world. Let them

embark on this holy mission for the service of thelr countries and mankind.

¥} Qriginal words.
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LEBANON

PROBLEMS OF PHYSICS TEACHING AND DEVELOFPMENT IN THE THIRD WORLD

N. Collings

Department of Physics, American University of Beirut, Lebanon,

1 shall consider the problems associated with physics teaching snd how
they become interrelated; then the problems of development and their solution
in terms of what technologiez could be imported; and, finelly, the general
problem for the Third World and how it could be ameliorated. I shall
distinguish between the problems that are relevant for the developing country,
in this case Lebanon, {(the specific problems) from the world-wide ones (the

non-specifie).

Examples of non-specific problems in physics teaching are {1} the teaching
standard, {(2) student cheating and (3) the null value of a physics degree. A
teacher is tempted to direct his instruction towards the brighter members of
his class, where his lessons are resadily understood. However, he fulfils his
role for the greatest numbers of students if he direcks it at the everage
members of the class. This requires a much larger amount of effort on his
part in terms of explaining the difficult concepts in e variety of ways until
they are understood. Student cheating is a potential problem anywhere in the
world, but is particularly rife in countries where corruption is endemic, i.e.
those which are emerging from a period of foreign domination. It produces a
mistrust between staff and students which is antithetical to good education.
Finally, the two professional schools of engineering and medicine lure all the
good science students, and leave physics as a 'second best' major. This is
related ultimately to employment prospects, and is 8 more severe problem in

developing countries,

The specific problems are that (4) the language of ingtruction is not the

native tongue, {5} the culfural background ¢of the students is not Western, (6)
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there 38 & bowiln drain of indigeneous talented scientists. The language
problem is wore severe for students from other parts of the Arsb World thaen
for the Lebanzse, although for the French educated unes it is a minor
problem. The attempts whick are made to tranclate Western text-books inte
arebic for the rest of the Arab World, would not be relevant in Lebanon.

Also, in countries where it is a higher priority for the students to learn
English then Arablie, it is s-uperflunus. Since physics has grown up in the
West, Its conceptual foundations are linked to philosophical movements which
are alien to non-Western cultuces. Hence there is ea added difficulty For
the student in digesting these concepts Fully. The enly attempt to approach
this problem has been the movement to islamize science. This would involve,
initially, treating sclence on the same methodologlcal basis, but carrying out
phenomenological investigations in order to arrive at an alternative
conceptual understanding of the results of experiments. This would,
ultimstely, generate an alternative methodology. Also the limit between what
can be investigated by science and what is inaccessible would be more clearly
defined than it is in contemporary Western science, The brain drain has both
innner and outer aspects. There is a loss of native talent due to the study
of subjects unrelated to the country's needs by scientists working within
their countries. There iz also the emigretion of talented scientists to the
West . The inner brain drein has less severe consequences because native
sclentists can pass on a disciplined methodological approach to their
students. This disciplined approach is not entirely individual and contains

cultural elements that are valuable for the young student.

The interrelationship of the problems enumeratadA can be portrayed as
follows. (6) will influence (3), since the presence of role models is an
important element in the students' interest for physics (4) and {(5) will
influence (1} and produce a deterioration in the standerds which can be
attained. This interactive effect is an example of how problems are
compounded in the developing world, and, like the spider's web, although
individual strands are comparatively easy to break, the web forms a

disproportionately more resilient structure.

The non-specifle probléms of development are {1} a non-equitable
distribution of income, (2) lack of employment opportunities, {3) the need for

educational programmes in land use, conservation ete. The disparity of

ag

earning power among the populatic: is more readily accepted in the developing
world than in the West, but is not more justifiable. The lack of employment
opportunities 1s a greater burden in non-affluent sccieties because there is
the feeling that something should be done. The need Ffor conservation
consciousness is particulerly relevant for countries about to embark on large
scele technological development. A group of politiclans trained in
conservation measures 1s especially important in order to ensure importing
clean technologies. In addition, the Arab world has a legacy of depleted

gnimal and plant populations which requires a positive action te remedy.

The specific problems for Lebasnon are {(4) a literacy program, (5) the
creation of & working internal communicatlon system (6) Iimprovements in
housing, sanitation, garbage disposal etc. Large advances have been made in
the last fifty years to make the reading and writing of Arsble general
throughout the population, largely, through the creation of good primary and
gecondary schooling. These Institutions should in no way be allowed to
erode. A good bus system would improve the noise and exhaust pollution due
to traffic in the main cities and facilitate the development of rural areas.
Alsc, an efficient telephone system is a necessity in the modern world. Good

ganitation and garbage disposal are necessary to maintain health standards.

Again, the interrelationship of these problems is evident. Iin addition,
the political unrest in the area delays the solution of them, and they seem
minor in comparison to the political problems. However, by presenting them,

a discussion of viable technologies For the area is facillitated.

The aim of technological development should be, initially, to make the
country eapproximately self-sufFicient. In addition, these are the only
technologies which a developed country would be willing to expert freely,

since it does not wish a developing country to become a competitor on the

world market. Clothing, glass—making, plastics and furniture industries
would be examples of this. These would create employment opportunities and,
more importantly, create a more dynamic society. The film and television

industries could also be modernized, and port and cargo fecilities improved.

This should be a moral obligation Eor the West rather than a philanthropic

action. It is true that the West can be seen ag, in part, having created the
retardation of development in what was the colonial world. But this would
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place kthe burden ltoo heavily co individual rcountries, Mcee importantly, the m U R K ET

problem can be viewed as a contemporary probivm shersiy the technological
development of the West ocvershadows these counktries and creates a psychology GOME REMARKS ABGUT THYSICS AND DEYETORSINT OF TURKEY
of underdevelopment. This creates a malaise in the underdeveloped country
which is no more important than the material problems, but which is more

insidious and penetrates into the backbone of society. R. Engin

The Third World can be characterized approximately as those countriles Department of Physics, Cukurova University, P.0. Box 171, Adana, Turkey.
which lack a national identity; in which Food, services and wages are below an
acceptable level; and in which there is no evidence of progress
{stagnation). Stagnation is the primary problem and can be described more

fully as the position of a boy who is being constantly blamed by his parents

for no evident reason but, by believing his parents, he ends up in an inactive 1. TNTRODUCTION
state or carrying out actions which will gain the approval of his parents but )
i i Turkey is situated just at the junction of Furope and Asia. She has
are of no value to himself. The individual in such a society feels that his ¢ o Lat £ about 47 millions She
i £ f about ,000 km and a popula fon of abou millions.
society is acting wholeheartedly against him. In order to break into this, & land area of about TT

has altogether about 20 universities and a few research laboratories which are

positive action should be made by the West, and, in modern terms, this means ) .
i 3 related to some extent to physics outside the universities. She &lso has aboub
exporting technologies. In addition, the functionaires of the developing 3 . . oy s
$11i : B . R 250 physics PhD holders, nctive in research mainly in universities. The
countries must show willingness to accept change in their societies, which
ict B country's main export is agricultural products such as cotton, cloth, nuts,
cannot be guaranteed to be fully beneficial. The strong aspects of religion i .
wheats etc. and main import materials are machinery, petrol and its products ete.
and culture will stand the test, and the weaker parts will be eroded. A A
From these very brief remarks it can easily be seen that Turkey is a typicsal

However, the vicious circle of stegnation will be broken and the country put
developing country.

on its feet ke walk wheraver it wishes.

2. SCME PROBLEMS AND THEIR EFFECTS ON DEVELOPMENT

The big demand for higher education - There is a big demand for university

education in Turkey. Every year about 500,000 school leavers sit Tor the R
University Entrance Examination. From them only about 100,000 get places in higher
education establishments. The rest either prepare themselves for the

following year exsmination or give up higher education hopes. One of the
reasons behind this high demand is the hope of finding a well-paid job. Another
reason among others is the jll-oriented secondary school education, since the

secondary education is more academically oriented rather than teaching a skill
to the pupils.

The right student does not get the right place in University education -

Une important problem related to the Turkish higher educstion system is the fact
that the right student does not usually get the right place in the university
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ed. - nion, Toir s so because the assigrment of a post, say, in a particular

department is based on the good scoring marks achieved in the university entranece
examination. S¢ a student with an exceptlonal sbil:iy who did not get good marks
in the examination may end up in a department which would actually be the lazst on

his preference list.

The bright students do not study Physics - There are substantial earning

differences smong the various professions in Turkey, and this fact affects the
students' field of study. As g result the brightest students naturally tend to
study those higly peid professional subjects instead of studying zciences like
physics and mathematies. Therefore physics departments do not usually have the

bright students.

The shortage of funds for research activities - The world inflaticnary

trends affect Turkey very much. Turkey needs both high technology products and
petrol for her development . Unfortunately the increase in these commodities’
prices affects the country's belance of payments in two ways, through the
importation of these two materials. The industrialized nations overcome these
inflationary problems by increasing the prices of their products and likewise
petrol producing countries. Hence Turkish universities are extremely hit by this
inflationary situation and find it very difficult toc get funds for buying research
equipments ete. Therefore they cannot carry out efficient research except in
thegretical subjects. Even in theoretical sublects researchers cannot obtain
the necessary periodicals to follow up the literature in their own specializations.
For exemple, this year the physics department which I belong to has only

~~US$ 4,000 for buying small items like chemicals, resistors, capacitors, ete,

plus ~US$ 6,000 for buying equipments.

The lack of links between physies departments and industry - Since there

is ne sound high technologyindustry in Turkey, industrialists do not usually
support research activities in physics departments. Therefore there is almecst
no link between industry and physics departments. As a result the departments

cannot obtain financial supports from industry ejther.

The lack of well-established research groups - One of the fundamental

problems associated with some of the physics departments is the lack of well-
established research groups. This is partly due to mis-organization and partly
due to the collection of guite different background pecple in one department.
The collection of variocus specialized people in one department in a way

is forced by the intake of students. Since a department needs teaching

staff it hes no alternative but to employ one without considering too

much his particular speciazlization, Of course in the end you have a number
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of well-trained people in aand out their zpecisl’zatione are nuite di0ferent.
This situation creates problems ir fundines shelrc research. Henee come of them
mzy become just Leacners or have to adapt themsel!ves Lo Lhe new adiustsent s

if there will be any.

The inefficient training of staff members - At the present time some of v

physics departments do not have enough stafl members. Therelore they uasunslly

send research cLadonts odrond to do their PhDs  in order to fi1) these gaps. This

may ve sultuble as a short-uerm solation for naviuoy &L membet.i, Howswvear,

T believe we donot gainmuch benefit from fhese researchers. ‘ince they all
have specializations in different subjects, on their return heme, they cannot find
the right places to continue their research. In the end their trainings de
not improve the research activities in the department. Another point is that
they studied the high technology subjects in the developed countries which are

not related to the local problems at all.

I strongly believe that, instead of sending the research students abroad
to 4o thelr PhDs it is far more important to bring specialists to the counfry and
train the PhD students in the actusl location. 7y this means voth the researchers and,
more specifically,the technicians and other pecple associated with the research
will be trained more effectively withgut causing any diaturbances in their living
environments. I believe that by doing this tho vesearch wotivicles 1o bhe

department will have a lasting character.

The shortage of jobs - Although there l= o big demand for higher eduration

the job prospects are not goad. Since there are very limited physics related
research laboratories in Turkey it is rather difficult for a physics graduate to
find a Jjob outside tne universities. Moreover, due to the lack of high technoluogy,
physiciste have very little chance to be employed by the industry either. Hence
thiey cannot use thelr trainings and abilities in the development of the country.
Some gradustes may have teaching jobs in schools and some others may have completels
different jobs that are not relevant to their training at all. As nn example,

zix students graduated from ny cepartment last year. Only two of them are

employed by the universities. The other four are stil} tryinag to find w job.

The training of physicists in theorectical subjects - Another important

point relevant Lo Turkey is that the physics students were Lauchi topics which are
not of much use to them if they work outside the universities. I believe,
that the students must be trained on the more applied physics, e.g. electronics
or applications of physics, say, in medicine or im industry. By this means I
believe that they can Tind jobs more easily and they can also help to develop

the country by applying their particular knowledge in the related field.
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The lack of desling with local problems - At the moment physicists as a

whole contribute little for the development of Turkey,but I strongly believe that

they can contribute more if they deal with the Jocal problems more closely.
1 shall give a specific example on this remark from my own department. Tn fact

my department is very young - about five years old. Initially when we set up

the department we all had different specislizations in varions branches of physics.

To start to do research in our own specialization was almost impossible because
we had very limited funds. So we thought we could do resesrch on some Joint
research projects which wererelevant to the region. Since there is plenty of
sunshine in the region we scon realized that it would be a good ides to initiate

joint research projects on solar energy. So we did.

I am perscnally very glad with the ocutcome of these projects. Since

more snd more people in the region are interested in solar energy usage & small

business was even set up In the region to build hot water solar collectors.

. The people are even interested in building passive solar houses for themselves.

3. CONCLUSICNS

T have mentioned some of the problems regarding the role of physics
in the development of Turkey and I strongly belleve that physicists can
incresse their share in the develcpment by:
a) Reorgenizing themselves in well-oriented research groups;
b) Teaching broasder optional subjects to the students that are related
to the industry;

¢) Dealing more closely with the local problems;

d) Trying to get the industry's involvement in the research activities of

the physics departments;

e) Organizing collective lobbies to persuade the related government
departments to increase the research fundss

f) Publicizing physics among high school pupils to attract the more sble

students to study physics.

Recently an organizationsl change tock place amcng the physicists'
commnity of Turkey, nemely they formed some research units such as high energy

physiés unit, $0lid state physics unit and so on, supperted by the Turkish

Scientific and Technical Research Council. I btelieve that these groups becane
a good example to the other pure seieavigts in Turkey. Hence they also started
to form . planned research groups. This is an excellent berinning because with

these groups of scientists we can attack the problems rels*ed to the country's

development.
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GHANA

PHYSICS AND DEVELOPMENT
WITH SPEGTAL REFERENCE TO GHANA

M.K. Gbordzoe
Physics Department, Noguchi Memorial Institute, University of Ghana,

Legon, Accra, Ghana.

“If to do were as easy as to know what were good to do,

chapels had been churches and poor men's cottages princes' palaces.”

Portia to Nerisa in Merchant of Venice,
by William Shakespeare

Learned professors, distinguished scientists, Fellow colleagues,

ladies and gentlemen!

T feel deeply honoured by the organizers of this series of lectures on
Physice and Development, Professors G.C. Gnirardi and H.R. Daltafi, for
requesting me to talk on Lhis Lopic with special reference to my counkry -

Ghana.

May I begin by briefly giving a history of Ghana. Ghana lies on the
West Coast of Africa, boarded to the South by the Atlanlic Ocean (Gulf of
Guinea). It extends from longilude BOOI'H, from its western neighbour
Ivory Coast, to ]°1h‘E, to ils eastern neighbour Toge, a distance of aboul
536 Km. From South %u NorLh, the land extends from 4045'N to lloll'ﬂ.
ghout 672 Km, boarded by Upper Volta (see Fig.1). Ghana covers an area of
about 339.460 sg. Km., approximately 3.6% being covered by the largest
man-made lake on Lhke globe the Volta Llake. The present population is

estimated at about 11.3 willion people. Tema, Africa's largest artificial
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harbour, lies on the Greeawich Meridian {(07). Ghana was the first African
country, south of the Sabhara, to be granted formal political indepondence by
Great Britain on 6th March 1957, with Dr. Kwame Nkrumah as Prime Minister, and

later as first President of the Republic, proclaimed on 1lst July 1960.

I. PAST GLORIES AND PRESENT REALITIES

Past Glories

The present Ghana Lakes its nawe from a medieval empire of Ghana in
the northern Savannah asrea of West Africe, extending to Lhe Western Sudanese
grageland. Thug, the frontiecrs of ancient sand new Ghana are nnt
gquraphically identical. The empire flourished between AD 600 to about 1600
- contemporary with the Franks empire in Europe. Writing on the Afcican
past, the British historian, Rasil Davidson, described the time of the Ghana
empire 4 one of the grand periods of African history {1]. Some quotaticns
from chronicles of Muslim writers say: ™ The King of Ghana is a great king.
In his territory are mines of gold and under him a number of kingdoms. In
all this country there is gold (Al Yakubi., Ref.1). When he gives audience,
he sits on e pavilion around which stand ten pages holding shields and gold
mounted swords and on his right hand are songs of the princes of his empire,
splendidly c¢lad and with gold plaited intoe their hair. The beginning of
royal audience is announced by the beating of a kind of drum made of a long

piece of hollowed wood (Al Bukri, Ref.1).

So wag the ancient imperial sysiem of Ghana, which flourished by
controlling the trans Saharian trade in gold (from West Africa northwards) and

copper products from Burope and Egypt and salt from the desert fringes.

Cotittection to present day ©Chana is through migration of the people,
after the collapse of the empire, to present areas of Ghana, parts of which
were named the Gold Coast Colony during the British colonial rule.
Cevemonies inherent in kingdoms and chieftancies and some traditlioans in
present day Ghana are slrongly reminiscent of those described above for
ancient Ghana: durbars and talking drums which among others rhyme praises of
traditional leaders; the old tradition of gold refining, the craft and art of
traditional gold smithing etc. do strongly sugpest connections with ancientl

Ghana.

So it came that the baptizing of the British Gold Coast Coleny Ashanti
and the Norlhern Territories united with former British mandated Territory of
Togo and as Ghana at Independence was an understandable African desire to
assert that the splendour of the African past was reappearing in the community
of free men, women, and children after centuries of slave trade, colnnial

conguest and foreign rule.

Freedom and Present Realities

The desire to freedom from foreign rule alse implied freedom from
social insecurity and a yearning for economic progress and social justice.
The riches of the land were to be uscd Lo promote the development of the
countey in order to pruduce Ffor the people adequate supplies of Lhe bhasic
essentials of human society: food, clothing, shelter and indispensable social
gervices like health care, transportation, communication. education and
work. This, for us, implied development. Then, Ghana 1like most other
gimilar countries, which gained polilical independence from Foreign rule, has
been characterized by conditions which used to be called in the carly 1960s
"underdeveloped® - this terminology having given way to "developing"”. Thisg

then is the present reality of Ghana.

II. CONCEPTS OF DEVELOPMENT

Tn the hope of fulfilling the dresm of bringing betler 1living
conditions to her people after independence, Ghane, like many other so-called
third-world countries, has tried to launch development programmes and projects

in agriculture, industralization and infrastructure, education and health etec.

She has sought and taken loans form International Bodies such as the
international Monetary ¥und, IMF, the World Bank, and from Governments in both
West and East. She is heavily indebled to her principal trading partners -
mainly Organization for Economi¢ Cocperation and Dovelopment, OECD and
European Economic Commuaity, EEC, c¢ountries - debts standing at about $ 340

million by the end of 1980 (Ref.2, see also Refs.3 and 4).
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ILike others she has senl delegations to economic conferences hetween

the hsves and have-nots - from the Uniled N:tions Conferences on Trade and
Development - UNCTAD through European Economic Communitiy - African, Caribbean

and Pacific countries conferences to north-south dislogues.

How can the results of all these efforts be measured in terms of

Devolopment? Are we fumbling in the dark?

HMost of us may be aware that there is no uniguely accepted concept of
development; the increased awareness of the ecclogical problems inherent in
industrialization and continuous industrial growth and increased demund for
enargy, especially in the rich northern part of our globe, have contributed to
intensifying the debate on what development should be since the late 1960s
[3]. Although there is no universally accepted definition of development,
the mejority of us may probably agree that development also involves economic
development (industralization included) with ecological balance and an

acceptable degree of social harmony.

With rezard to social justice and harmony, the new independent Ghana

sbounded in mottos and slogans:

"Freedom and Justice™
"Work and Happiness™
"The condition for the development of one, must be Lhe condition for

the development of all”. {(Kwame Nkumah)

Accepting then that development also implies economie development with
industrialization , it would be important to note that Lhe scienlific world
outlook has come, more or less, to accept the following four ingredients as

constituting the economic potential of a country:

Raw materials,
power resources,
labour,

productive capacity.

The actual transformation of this economic potential into active
development in s particular country, depends to a large extend on the relative

development of the four ingredients and the sorts of internal and externsal
relations influencing the country.
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in the present Atomic, or Nuclear, or Ipace, ot Computer Age or
whatever we may peefler to call it, the Lremendous impact of physics on humen
society as a whole cannot be done away with, or overlooked in any sphere of
human activity. However, the degree of impact which the rapid development
of phystes and its technolgical applications in the past few decades may have
on various countries in the direction of progress differs tremendously; the
impact on progress is po..ibly related to the contribution of the scientific
communities in various parts of the globe towards this rapid development of

physies and its technological consequencies.

As pointed out by Abdus Salam in 1970 [6] the problems of the weskness
of physics in most developing counlcies - “lack of graduate schools for
research, lack of industrial openings, lack of conscious science policy -
cannot be considered in isolation, neither internationally nor nationally™.

This implies that what physics is made to do in the undustrialized world "as
result of nalicnal science poliecy, affect us in Lthe developing countrlies
gtrongly”.

Hence, in a stricter sense, the role of physics or science as such as
far as economic development is concerned may be reclevantly sanalyzed with
respect to its role in the transformation of raw materials into products,

development of power resources, labour, productive capacity and the

maintenance of ecological balance.

I1I. VISIONS AND CAPABILITIES
3.A Raw Materials and Power Resgurces
Ghana is very rich in natural resources. Although mines have been

operating in the last few years at about 25% capacity only, Ghana still ranks
about eighlh in Lhe world gold production; manganese production at Nsuta ranks
among the world's highest: Ghana hus very large bauxite deposits. For
decades, the country had been the main supplier of cocoa to the world's cocos
and chocolate industries, having dropped to second position behind Ivory Coast

in the past few ycars, Ghana exports industrial dismond and a large variety

of hard tropical wood [2-4].
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visitas of creating = large modern aluminium industey and olhee
ancillary indusrries involving ferro-manganese steel and fertilizer plants,
the promotion of agricultural grawth, boat and fishing [ndustries, lake
transportation and obtaining cheap water supplies for towns and villages led
to the damming of the Volta River to generate hydro electric power. with the
building of the Akosombo dam with a power output of about /68 MW, the new
Ghana hoped to have developed a potential power resource for
jindustrialization. The project had bern a gigantic one involving financing

from the following sources (see Ref.[7], p.16).

1. Dam Project

Ghana Government 35 million {(pound stecling}
Loan from USA and 35 million ( ¥ " )

United Kingdom Govts.

2. For Aluminium Smelter

Volta Aluminium Company (VALCO}
owned by Kaiser Aluminium and
Chemical Co and Reynolds Metals Co. 11.4 million {pound stecling)

Export-Import Bank of Washington 32,1 million {pound sterling)

Other soutrces 10.5% million (pound sterling)

The project also necessitated the resettlement of about 83,000 people

from over 700 towns and villages to specially build model villages.

Today, seventeen years after the fourmal switeh on by De. Kwama Nkrumah
in September 1965 to mark Lthe First Akosombe electric power generation
commercial bagis, the unfavoursble sides of the agreement between Ghana and

VALCO are becoming more and more unpleasant,
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In eflfeclL the Akosombo dam project presently benefits fiest and
foremost the VelLa Aluminium Company Ltd. - owned by Kaiser Aluminium and
Chemical Corporation and Reynolds Metals Co. - which consumes over 63% of the
electricity gencrated, at a fixed cheap rate less than half of that in furce
in any other country [8]. Of late, VALCO. is to take even more power from
the recenlly completed second hydro-electric Dam Project at Kpong, 24 Em
downstream from Akosombo with installed capacity of 140 MW. With the
contrack to run for thirty years, not only did Lhe Chana Government promise
not to nationalize the Aluminium Smelter, but special caoncessions were granted
to VALCO, exempting the company from duties and taxes on imports and
exports. VALCO also has had a free hand to ship in aluminia from Jamaica for
processing into Aluminium at the Tema Smelter while Ghana's huge bauxite
deposits lie in the ground a few tens of kilometers away al Kibi and Mpraeso,
geveral hundred kilometers away at Aya-Yenahin and at Awaso where the British

Aluminium Company mines about 275,000 tons of bauxite annually for export.

Since December 1972, Ghana has been gselling electricity to neighbours
like Togo and Benin in addition te VALCO in order to raise foreign currency
partly to pay the losns which she had taken for the realization of the
project! On the home front, one may mention thal Lhe flooding of
agricultural land has left serious problems for peasant farming communities
which cannot now take to fishing. The vision of modern villages with
agriculture and village industries flourishing side by side has not
materialized. And, through the creation of the 7Volta Lake, bilharzia
{schistosomiasis), transmitted by microscopic snails living in the lake, has

spread to areas where the disease was formerly absent.

But no doubt, with Lhe Volta Lake stretchiag through beautiful
landscapes some 400 ¥m inland from Akosombo dam, a potential exists, not only
for internal lake transportation, bul also for lake fishing and extensive lake
gide agriculture. But these potentials have yet to be developed and the
unfavourable contract terms with VALCO yet to be negated, if the Volta River
Project is to be, according to Dr. Kwame Nkrumah's words "in the truest seuse,

an expression of our national purpose and aspirations™ (see Ref.[7?], p.60).

Certainly without the Volta River Project, Ghana mighl tLoday be
eiperiencing worse power rescurces problems. In this regard, it is worth
noting that despite the availability of hydroelectric power, the country's
expenditure on importation of crude oil in the first six months of 1982
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amounted to more than 110 million dollars, being payment for past and current
crude oil imports. The amount represents about 75% of the wvalue of all
imports for the same period [9]. In this connection. it may be relevant to
mention thal a United States Cempany, AGRIPETCO, began drilling oil off the
coast of Ghana at Saltpond in January 1979 at a rate of about 3,000 barrels a
day. Local news median reported several menths ago that the company plarned
to increase the dsaily output. However, whether the country's economy can
benefit from Lhe oil deal with AGRIPETCO and from gas discovered in 1980,

remains questionable.

3.B The Problem of Education and Manpower Development

The dream of creating better living conditions for the people meant
that Chana had to train the essential skilled labour: ones own scientists,
' englneers and technicians, medical doctors and nurses, edministrators and

managers and the like who would turn the dream into reality.

In the colonial period, education end hospital health-care were mostly
in the hand of missionaires and churches, Therc were a handful of elite
training secondary schools like Achimoka, Mfantsiprim. Adisadel College, St.
Agustines; a few teacher training c¢olleges and the University College of the
Gold Coasst, founded by the colonial administration in 1948 and affilisted to

the University of London.

After independence, numerous primary schools were opened. The 19461
RBducational Act made provision for a free and compulsory education at primary
level including the first two years of middle school. Secondary School
education was also to hecome free by the middle of the 1960's the number of
secondary schools rose to about 60 in the 1960s, and a large number of
teachers training colleges were also established. A People's Educational
Association (PEA) was established to teach grown up illiterates to read and
write. For a population of about 6 million then things seemed to be working

well.,

Today these are over 6843 Primary Schools with over one million
pupils, 3711 Middle Schools with over four hundred thoudsand pupils, 168
Secuandary Schools with over seventy thousand students. A new educational

system of elementary level was started on experimental basis in 1974/75
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academic year: & vyears primsry education f{oilowed by three years juaior
secondary. Pupils would then be preparesd for the ordinary level West African
School Certificate Examinations in technical and commercial subjects. Pupils
completing this stage would either proceed to the Senior Secondary Upper

Coursa, or for a Teacher Training or Polytechnique Course.

Bigher Education is provided at Gharn's three Universities. The

University College of the Gold Coast became autonomous -University of Ghana -

in 1961. With a pregent studente populalion &f about 4,000 only A&-10 major
in physics and about 4-5 in mathematics annually. The University of Science
and Technology (UST) Kumasi, was founded 1in 1961. Out of a student

population of about 272,870, about 15 students take to physics annuslly. The
University College of Cape Coast was founded in 1962, primarily to train
teachers for secondary schools and training colleges. It hag & students
population of about 1,400. Physics is usually taken together with other

subjects for a general first degree.

There are a number of technical and polytechnical schools in Accra,
Takoradi, ¥Kumasi, Kofordidua, Ho and Kpandu to train intermediate technical

and administrative personnel.

There is a Ghana Academy of Sciences, founded in 1959, to which

various academic societies are affilitated.

Other higher institutions or establishments in Ghana which may be

mentioned are:

a) The Council for Scientific and Industrial Research ( CSIR) founded in
1958 to encourage scienlific and industrial rescarch relevant to
national development, co-ordinate research in all its aspecls in Ghana
and publicize, collate and disseminate research resulls. Among the

large number of institutes affiliated to the CSIR are:

- Animal Research Institute;

- Building and Road Research Institute;

~ Forest Products Research Institute;

- Industrial Research Institute;

- Scientific Instrumentation Centre;

- 80il Besearch Institute;

- Water Resources Research Unit;

- Geological Survey Department;

~ Ghana Meteorological Services Departﬁent; and

- Health Laboratories Services,
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b) The Ghana Atomie Energy Commission established in 1963 to promote the
development of nucliear energy for peaceful applications in Medicine,
Agriculture, Geological Survey and Scientific Rescarch and Training
generally. Conslruction work on a swimming pool Lype rescarch
reactor was started in 1964 nesar Accra with aid from the Soviet Unioa,
bt was halted following a military overthrow of PBr. Nkrumah's Regimé

in 1966. The project is in the process of reactivation since 1974.

Iv. THE REAL SITUATION IN GHANA

Under the Administration of Lhe late Dr. Nkrumah, serious efforts were
made to bring scientific and technical awsreness into higher educatien in
Ghana. This was evident Gthrough the establishment of the University of

" Science and Technology, the Council for Industrial and Scientific Research and
the Ghans Atomic Energy Commission. Tn order to evaluate the success or

failure of these efforts, one may meke the following observations:

(i) There has beecn no concrete science policy in the country since 1966
after the ovecthrowth of the Nkrums Regime, which Regime did in fact attempt
to promote seientitife education and research in Ghana. Presently, basic
education in science subjects and mathematics at secondary school level is
suffering a reverse trend compared with the 1960s to mid 1970s because of lack
of motivation, lack of equipment which are mostly imporled and lack of

teachers, a lsrge number of whowm have left the country.

i) Although a small section of the scientific community in the
universities and research institutions is aware of the relevance of physics to
our development problems, the soclety as a whole does not seem to be awarc of
the potential impact which physics or science as such can have on development;
this may be said especially also of the policy making and lmplementation

machineries aftec 1966.

{iii) Very few students take to physies at pre-university level and in the

universities. Students seem Lo do some physics only where it is compulsory
to get them qualified to take to engineering or medicine. Mcst students take
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to law, economics commerce, acdministration, medicine and the arts. These
areas offer better chances of gaining livelihood in our society after

university education. THE SCIENTIST SEEMS TO BE IRRELEVANT.

(1) With the population having grown from about & million at independence
to the prescnt estimated value of about 11.3 million, more than half, possibly
60%, of the population is illiterate. The positive results achieved through
mass education programmes run by the Pecples' Educational Association PEA in

the early days of independence have been obliterated.

(v) Although successive Govermnments have stressed the need for education
and the necessity for tLhe educational system to be geared more closely to the
needs of the country, one can assert that the implementation of a
comprehensive educational policy invelving free and compulsory education at
various levels must be extremely difficult indeed, if not impossible, under

the present economic conditions.

{vi} Most young people flee the country side to the cities, especially
after elementary school, hoping to find some job. The idea of taking to
farming is no longer appealing. This is left to our aged parents, resulting
partly in considerable reduction in food proeduction. The cities seem to have
a stronger attraction - there are at least light and water, even I[ supplies
are intermittently cul. There is better chance of getting medical attention
- no doubt, most of our doctors settle in the citlet where there are
electricity, pipe borne water supply and some good schools where they can send
their children to the mission hospitals in the provincial and rural ar«<as are

still playing & vital role.

{vii) Existing higher institutions, Research Centres and Indusiry, Police
and Army depend strongly on imported equipment, the maintenance and repair of
which pose very serious problems. Tropical conditions of high temperature
and humidity, coupled with accumulation of dust inside equipment, and lack of
maintenance engineers and Lochnicians put many equipment or machines out of

Function within short periods.

With no foreign exchange Lo import spare parts for equipment, or
material for industries depending on raw materials of €foreign origin, most

industries are currently operating at about 20% capacity only.

With low productivity and a dispropurtionately high number of people
engaged in distribution business, prices of commodities and inflation cates
have been very high in the past years, especially since the mid 1970s. Chaat

and let's cheat sort of economic practice flourished resulting especially in a
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small section of the population amus.-ing a tremendous amounl of wealih. This

was called locally “Kalabule™. Under th.o¢ sonditions, scientifiec activity

has had very low output.

Many trained personnel, university graduates, lecturers and scientists
have gone outside the countiry on leave without pay, on sabbatical leave, on
study leave or simply resigned to take up jobs elsewhere - mostly in Nigeria,
but also in such countcies like Great Britain, Canada, Papua New Guinca, and

with international ocrganizations.

(viii} Somc cesearchers in various fields do in fact obtain results but these
are not made use nf. They remain locked uwp in the research institutions or
aniversities. However, awareness is growing in Ghans to the effecl Lhat
contact between industry on one hand and the universities and research centres
an the other would be of mutual benefil. Representatives «of the Ghana
Manufacturers Association did in fact attend the 1981 Biennal Conference cf

the Ghana Science Associetion at the Umiversity of Ghana, Legon.

(ix} An indigeneous - “home induslry™ - is growing on its own. Fitters,
artisans, welders, mechanics, blacksmiths home-trained technicians, most af
whom may have had no high level formal education even to secondary ov
technical school level, have been making sericus efforts to make simple
machines and useful utensiles for the soclely. Cars damapged to almost 1007
are puk back on the road. Broken down electrical equipment - household
equipment, - is repaired. Presently, there arc no altempts to coordinate
their efforts with those of the higher institutionms. Will there be a uselul
convergence between efforts which sre growing out of the needs and with roots
in the society itself and the research activities of Lhe universities and

research establishments which have their roots, so to say, outside the scciety?

Two films will be shown, one orn “Home Induslries” showing indigeneous
effortz and the second "Impact from the campus™. The lalter documented hopes
which the establishment of the University of Science and Technology in Kumasi
has awakened in the 1960 with regard to carrying oul ressarch to help mect
demsnds for vaw materials locally in industcy, housing and olher areas. In
wy opinion, the two films offer good materinal for discussion un the right way
to development in a country like Ghana. Permission has been granted by
Ghana Broadeasting Corporstion (GBC) for the Eilws fo be shown as an
educational exercise wilhin the framowork of the programme “Physics and
pevelopment™ at the Internationel Centre for Theoretical Physics, Trieste. I

thank GBC for this kind gesture.
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Ghana's experience with the collapse of industrial ventures such as
TOYOTA and DATSUN Car Assembling Plamts and the like built in the 1960s
through foreign investment immediately justifies the question whether a
developing country like ours can genieve genuine technological progress by

bypassing the creation of a sound local scientific basis.

V. THE POTENTLAL IMPACT OF PHYSICS ON DEVELOPMENT

As pointed oul already the development of physics has had fundamental
consequences for human sociecky as a whole. It has aflected relations between
states, countries and continents. The continued monopoly of the
industrialized worlid over scientific and technological knowledge and research,
and the lack of, or the relatively insignificant presence of these in the
developing world, have cerlainly contributed to making futile, all attempts to
negotiate a new economic order between the "haves and the have—nots"™ of our

globe.

in the course of its development, physics has permeated almost all
branches of science and technology. The relevance of physics, whether as a
fundsmental or an applied science, to the problems of development of a country
like Ghana cannot be overemphasized. However, with regard to the posgsible
impact of physics on the burning problems of development in our country today
_ food, shelter, clothing, indispensable social services - it is in the
demain of applied physies, engineering physics and physics education that we
may be looking towards more, while allowing those who have the aptitude to

pursue and promote the development of fundamental physics to do so.

With the above in mind, T would mention a few areas, where physics can
make its impact, especially interdisciplinary, with relevant disciplines like

engineering mathematics and computstion, chemistry, biology and medicine.

FOOD
A large variety of food crups, fruite and vegetables etc. grow in
Ghana. The problem is nol only ore of insufficient quantity, but also

storage beyond the seasons of growth, especially when these items cannol be
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processed. With no proper slorage or handling facilities, a large quantity
of food items get rotten quickly under our tropicai sonditions. Some develop
the toxigenic mould Aspergillus Flavous, which if collected in the liver
beyand a certain threshold can result in liver cancer. Thus these are the
prdblems of storage, processing and preservation. Preservation here refers
wore to the technigques of refrigeration rather than preservation through
treatment with ionizing energy (irradiation). In my opinion, the
intrastructural and technical problems involved in the laotter technique render
its app}ication on & large scale in a counkry like Ghana less attractive than

the former.

HOUSING

Since decades, Ghana has exported large quantities of wood to
industrial countries with little economic gains, while rapidly depleting her
tropical forests. Research into the physics of local building materials such
a8 wood, baﬁboo, grass, clay and the like may be rewarding. While reducing
the quantity of wood exported, more trees can be planted for buildinpg purposes
for future generations. The advantage of wood over other building materials
such as concrete and bricks from the point of view of radiation protection has
been documented by the United Nations Scientific Committee on the Effects of
Atowmie Radiation 10]. The physicist must mske his voice heard in this area,
likewise with regard to the dangers involved in the increased use of agbestos,

a highly texigenic substance as building material in Ghana!

PHYS1ICS IN MEDICINE

Using physical methods such as electron microscopy, X-ray scattering
and spectroscopy, physicists and medical scientists can undertake research and
studies on vwvarious types of parasites, bacteris and wviruses in our
environment. Some of these methods can also be applied ko the study of
natural productz of pharmacological and industrial interest. Medical
physicists can cooperate with radiologists and radiographers in solving
problems of qilality assurance and radistion protection, for example, in X-ray

diagnosis. Mathematically oriented physicists can cooperate with health
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avthorities and medical deparlments of our universities in the quantitative
formulation and solution of epidemological problems and in Lhe collection and

analysis of statistical data.

The problems of envirommental pollution and sanitation open possible
avenues for scientific rcescarch and  concrete actions based on existing
scientitife knowledge. The physicist has a contribution to make in Lhis
area. wWhile promoling the idea of the dominant role which primary health
care must play in our sccieby, awareness must be created of the spectacular
advances made in modern medicine as the recull of progress in physics - fibre
optics, biomedical enginesring and computer in medical diagnosis Lo mention a

few.

PHYSICS IN TRANSPORT AND COMMUNICATION

The problem of infrastcucture is fundamental to development. Ghana
has about 953 Km rail network built during the colonial days, primarily for
trangporting goods from the interior to the coast. The rail network is
becoming obsolete and its condition deteriorating rapidly. Road
transportation is playing a vital role. With approximately 32,000 Km of road
networks, only just over 1,000 ¥Km are over-laid with bitumer, Road
maintenance and construction of pew ones is posing a serious problem; many of
the roads cannot be used conveniently during the rainy season. Not only road

building equipment but also bitumen have to be imported from outside.

With regard to the internal telephone network built earlier, there are
problems of maintenance and repair, cut wires and obsolete equipment cannot be
easily replaced, nor can new lines easily be added to exisling omes. Thus ,
tich of the commmunication work in administration, industry, commerce
education and scientific activity, has to be done through personal contacts or
letker writing, resulting often in undesirable deluys and increased motor fuel

consumption.

Regarding our external communication, the construction of an Earth
Satellite Station at NWkulunse, »7 ¥m from Accra, iz to enable direct
telephone, telex telegraph and television links with the western countries -
Italy, United ¥ingdom, West Germany, ¥France and the USA. This project, the
first stage of which was completed on 17th August 1981, has been Ffinanced

partly with a loan of 5.8 million dallars Fform Lhe Export Development
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Corporation of Canade to cover certain foreign excheange aspects of the project
{113. The project has had no fimpacl on internal communication, nor on
communication with other African rountries. The Pan-African communication
gap is to be bridged by a Pan African Telecemmunication Neiwork (PANAFTEL)
project which is to connect the capitals of all member states of the
Organizations of African Unilty (0AaU). Ghana's portion of Lhe project -
construction of the transmission network form the border of Topo to the Ivory
Coast bhorder, is scheduled to be completed by the middle of 1983, The
contractors for the project are Lhe Nippon Electric Company. (NEC) of Japan
[11]. Tn this project, the contracturs plan to ceplace existing Microwave
Redic Equipment with NEC low power consumptiou solar Power System [121.

Although these projects have very yzood aims. they illustrate once again how
developing countries with no scientific polealial of their own. must, in their
well intentioned sesrch for modernization, import one lLechnology to replace

another and in the process become more dependent on the industrial countries.

The problems of Lransport and commupication throw a formidable

challenge to the scientific and engineering conmunities of our continent.

PHYSICS IN INDUSTRY

1f development is not to exclude industrialization, then Ghana with
its abundant vaw materials, and large supply of hydroelectric power has a
potential need for material scientists. With Erequent "black outs™ and
voltage fiuctuations rcesulting in demage to scientific wund household
equipment, and wost of the country yet to be supplied with clectricity from
Akosombo or Kpong, one cannot doubt the nccessity for developing an electrical

industry in Ghana.

The Ghana %ndustrial Holding Corperation (GIHOC! established in 1967,
manages a large number of state enterprises including steel, paper, bricks,
paint, pharmaceuticals, elcctronics, metals, cansries, distilleries and boat
building. 1If development is to he real - hased on se¢lfl roliance- than STHOC

can open up avenues for physicists.

Another importanit scienlifiec inslilution is the Ghana Standards Board,
founded in 1967 to establish and promulgate standards promnle standardization,
industrial efficiency, industrial welfare, heallh, safety and carcy out

certification of products. With regard Lo internal standardization exercise
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and  importation of induslrial goods and equipment from outside, the Ghana
standards Board has indeed a tremendous obligaticn to fulfill. The Board can
do this c¢satisfactorily only with the npecessary scientific and technical

personnel. The physicists wmust have their part to play.

A FEW REMARKS ON SOLAR ENERGY

From scientific reports and newspaper articles, one may infer that Lhe
technical application of sojar energy may not be as easy as the tabulation of
the advantages ihat are usually mentioned for selar energy over other sources
of enerpy Llike nuclear reactors and fossil encryy (oil, gas, caoal). With
regard to simple denign of equipment, easy inslallstion, no fuel requirements,
high reliability, mno maintenance problems, no environmental pollution ebte.

We are also often told that solar energy in [crm of solar engines, solar
heaters and solar electricity can be applied in many acreas vanging from
telecommunication to household, agriculture and water delivery systems and
many more. It is no mere chance but a result of scienlific development - and
of late space research - thal, loday, murh  more effort is being made in the
industrial coumlries of Europe, Japan and America to realize the technical
application of solar power than in Lhe tropicai countries which enjoy more

sunshine then the temperature zones.

Ghana enjoys about 5 to & sun hours per day, with average radiation of
about 415 HUIcmzlday (see Fig.2) ({121. However, na  serious research
efforts are currently being undertaken towards the technical application of
solar energy. Ghana is deplcling her forest resevves rapidly, nob only
through the export of wood, but also because of its use as fuel. Statistics

indicate that between 1973 and 1978, the ccupntcy consumed 62.41 million cubie

metres of wood 3s fuel wood [13]. with electricity in household for cooking
etc. accessible to only a very =mall secticn of the population, the use of
woisd #y the main source of fuel both in the c¢ities and in the rural areas is
bound to conbLinue well into the fulure Bui 2ven so, it would b worthwhile

to start sericus efforts in Ghana towards the technical application of solar
energy .- Inilially, one may thiak of surh items as solar cookers, water

boilers, solar driers and the like.

Naturally with Lhe world's lacgpest man made lake in Ghana, the

application of solar energy 1in water delivery systems in the counlry,
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especially for domestic use and in agriculture, is an ares to bear in mind.
Solar powered pumping systems could help irrigation and boost agriculture
along the Volba Lake . The successful use of solar power in running cold

storage rooms would indeed he a great achievement.

What should be clear i3 the [ollowing. From the international
conferences and research symposia on semi-conductors, there is no douhl that
research work being carried out on semi conductors crystals of interest to the
development of solar cells - for example, silicium and gallium asenide - is
very specialized indeed. The Ffuture market products for the technical
conversion of Lhe sun's radiation into electricity (pholovoltaic) or inkLe hea!
(photothermic} are not going to be some sort of Christmas presents to any
developing country. Thera is a long way indeed between importing and making

sppropriate technology.

THE STRATEGY TO MAKE PHYSICS PLAY ITS ROLE

I have ne doubkts that the terminclogies ™Technology Transfer",
“Intermdiate Technology™, "Appcopriate Technology” and their 1ike are not
going to perlorm any wonders for us. There sgeems to be no subsiitute For
seientific development emanaling primarily from our own societies, naturally
in intersction with the existing sadvanced scientific communities of ather

countries. What We need now is a strategy to make physics play its role.

First and foremost, the awareness must be ecrealed in our own

environment of the relevance of physics and science as such to our development

problems . Science education may have to be introduced early at elementary
levels of education. This can help impart scientific outlcok rapidly to
larger sections of our society, Traditional methods and attitudes in the

upbeinging of children in Ghens and, possibly, in many other African
communities is still, to a 1large exteal, biased against inquisitiveness and
desire on the part of children to know or find oul what is unknown. such

attitudes wust be discouraged.

Efforts must be made Lo motivate young pupils and students to take to
physical science and mathematics as a powerful resource in studying,
understanding snd influencing the living and non-living world in our own

environment. . Introduction of sclience subjects at elementary levels can be
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made more realistic and fescinating by using examples in our own environment
instead of starting with "the meter is some fixed distance om a bar in Paris™
sort of textbooks, Selection of students to upper furms of secondary schools
and universities and financial assistance schemes can be devised to favour the
sciences and mathematics. Students of subjects like religious studies,
sociology, philosophy, economics ete. may have to follow some basic courses in
the development of science including modern physics and electronics. Such
conerete steps c¢ah  encourage more students to teke to physics and
mathematics. The curcicula of our szchools and universities contain subjects
which have no immediate nor long term relevance to the burning problems of our
society. With oniversity regources and places limiled, such subjects can be

reduced in importance.

We need formulate and revise from time to Lime concrete science
policies at national 1level for schools, universities and other higher

institutions.

Physicists should contribute actively Lo creating scientific awareness
in our environment and fight ignorance end superstition. They should neo
longer accept to be placed in the corner of irrelevance but help the society
realize that it is not only intellectuals 1like lawyers, judges, medical
doctors, and theic like and get-rich-quick businessmen who matter in society,
especially in our society, but alsc scientists. The physieist has the duty
to define concretely the sort of conbtribution which physics can make in those
areas which have potential for physical rescarch, application and development
(R.A.D.). The increasing number of physicists, who successfully branch te
various areas like medictine - X-ray disgnosis, radiotherapy, nuclear medicine,
cancer research (oncology) biophysics, chemistry, industry end philosophy, is
a pointer to the [{undamental relevance of physics to diverse spheres of

activity in modern scciety.

CONCLUDING REMARKS

In efforts to promole the development of science in our parct of Lhe
world, it may pay to learn from history. Without resignating, we should be

aware of the fact that our universities of today are stiil vey young compared
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with the old European universities of Bologna, Padua, Prague, Oxford, and
others. Although the progress of society and Line acquisition of scientific
knowledpe are essential parts of a unit, the devclopment of sciwnce and its
technological conseqguencies have not always becen at a constant rate throughout
the ages. Already in anclient Greece, in an environment relatively conducive
to scientific enquiry, Aristostle had secarched fur lLhe [undamental or the
origin - Proton {physices of Aristolle). And today, Greece still has 1its
place in seientific tecrminology. Tn the 17Lh century, Galilco Galilei was
sent to the Roman Tnquizition as a heretic and scrtenced to 1ife impriscnment
for documenting a scientific observation which every school ¢hild learns today
- that the sun, and not Lhe earth is in the niddle of our planetary system
with the earth moving round the sun. In the 19th century, the century of the
industrial revolution, ¥Xarl Marx made his controversial statement about
religion being opium "fuer das Volk" {(for the folk) and no one summoned him to

court for that. Tt is not yet a contury since the [{irst aeroplanes went up

successfully, so to say, without suffering gravitational disaster. But from
the first Sputnik to the Apollo Moon landing was just & peeisd of about a
decade. The rapid develupmeni of modern physics and its tremendous effects

on human endeavour in the past Few decades hoih in human society and beyond
the boundaries of our planet has been made possible on the [oundation, or as

part, of a scientific culture and world outlook.

In our part of the globe, the foundations huve now to be laid. In my
opinion a major problem which the physicist or scientist in our pacl ol Lhe
developing world %as to face today in this execrcise, is not religious
prejudice or aclive bias against science as such. Tt is probably more, the
tack of awareness that the development of science in our environment is goiap
to be decisive in giving substance tc our independence, indecd for our very
survival.

Thank you for coming

Thank you for listening
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88



an
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o Television:
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6. Th Queskion o} l/.lm “ .

¥ Conclusion
(rurlku Feod fo-r TRORJM...)
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wlﬁ‘d kh m.l. are nok lneflnd b r..ll. ot ill\. dors 'J: ::'\olus. 'T,u

schalars’ be snawerad, ‘are will awere o} the wan c} moncy ; but the vich
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should leave with hig possessions .

fkk l 1 .. [Inr] ;n.rJ ﬂ.Jion is ,“l

TYCHO BRAKE (1546 - 1601)

- T r‘\‘,siu the SuLJl.d'., m-lu Ou 'lu?h julk, .
WILLTAM SHAKESPEARY (1564 . 1616)
[T Winbees Tale 1.:)

L] Ark is 1, Sc‘unu is W;.

CLAUDE BERNARY  (1813.1878)

a Wheeves, in the ruvn\k f asiene, P ofber immudiake rr:aLicql
u\il‘&,, nay Suuuuj resb assurd that he will su.k in vain.
HERMANN YoN HELMHOLTZ (1321 . 18%%)
a Socialisl;\ is '\nunuivnut w\l‘nu\ sndlnu.ﬂnj based on l‘n. lsLuL

cl‘tseo\uﬂu -} mulun sciunce .

YLADIMIR TLICH LENIN (1870 - 1924)
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PHYSTCS AND DEVELOPWFENT IN BLACK AFRICA

J.0.A, Idiod:
Federal University of Technology, P.M.B. 1526, Owerri, Nigeria,

ABSTRAC™

This paper discusses the fundamental problems of countries in black
Africa, with examples coming mainly from Nigeris The paper highlights the
internal forces responsible for very slow development of these countries.
T+ is the intention of the writer that unill suoh internal forces have been
avercome . black ATrica is never going to be inoa position of strength to
tacrle tie oxternal forces. This viewpoint is a departure from the prevarling
Ceend within the third world that tends to pul the blame for very slow
development mostly on externi:l forces, withont ziving the same emphasis Lo
tre interns! forcos Lhet conatitute the s2al problem,  The call fooa riew
Tnternationai Seonomic Order or a New Troede, and similar callg or demards
St the LN, will enntipue to remaic fneffective unless a majority oi" third
worig countries cap successiully compress the timetable for reaching the
scienrifically and technaleopically sonhislicarad stage Donl Suibed To o lne.s

saplirations.

The frequent or permancni bresxoown of imported machines and eguipmeni,

infrastructure problems, and hae underutilizaton or non-development of
cessurces are all due to the very wenk Lozt sojentiize and technalozinal
sopacity.  As a way out, all educarional instytutions in black Africs must
necd La bhe sirengthened. Governmentz i Atrioa musi pay more aitention to
sducution angd create, with deliberate speed, “hat domestic gscientitiv Infrn-
the deveiopment of resources, ang Lhiv propern

structure that is necessary for

selection and use of the techiologies 'hat nave of necessioy fo he cmported.
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& more functional and creative approach to physics is proposed, in view of its
importance te science and technology. The assistance ol international academic
bodies, like ICTP, is also sought in the arsa of continuous training of high

level academic man power.

1. INTRCDUCTION: STATEMENT OF THE PROBLIU

The intrinsic desire to be self-governing, together with the belief
that development in all aspects would necessarily follow independence constituted
the two dominant forces which sustained the quest for political independence
in Africa in the early fifties. Ilany nationalists believed that as soon as
citizens were allowed to manage their own affairs they would so conduct the
affairs of the nation that the country would quickly attain =iz level of
development already reached by the advanced nations. Regr» =-ably this has
not happened. Whether we consider the pelitical, economic. Technological or

any other aspect of life in these countries we find the i ion poorl and

disappointing compared to what obtains in the advanced countries,

The development of the third world (the collec'ive name, usually, for
the developing nations) is now regarded es an issue of very great concern,
The quest teday in all third world countsries is for economic and technelogical
independence. What hope is there thaw =nis is possible? The literature on
this problem is quite vast and is still growing2_16 Contributions come from

experts in various disciplines and scheools of thought, and the United Nations4

interest in this problem is a reflection of the global interest,

Fi'c 1 within the third world, a certain picture or awzreness has
gradually emerged, clarifying the problem of development and putting the blame
for non-development or very slow development mostly on external forces. Despite
varying recipes for this problem, this picture has led to:

(i) the demand for a new International econcmic order and a new Trade5

{ii) The call for reduction in expenditures on armaments by the advanced
countries, The money saved from such reduction could be utilized

for the betterment of humanity generally. The arms race is a wrong

- 1.3

approach to the threats of Wars that may occur in the future.
(iii) The call for a review of the operational methods of the UN. The
flouting of UN resolutions by the advanced nations whenever such
resolutions do not favour their interests is under very serious
criticism. More serious, by vesting the Right of VETO in a few
powerful nations, the UN can be manouvered by those nations to

protect their interests.

(iv) Condemnation of Slavery, Racism, and Apartheid - institutions that
have hindered development and progress.

(v) Condemnation of the negative role of Transnationals or Multinationals
and their corporations in the developing countries, and of Colonialism,
Keococlonialism or Imperialism.

(vi) The demand for Transfer of Techncleogy from the advanced nations to
the less developed - not just the transfer of already-processed
technological products, but the KNOW HOW and the KNOW WHY.

(vii} The call for development of Appropriate or Alternative Technologies7
in the third werld.

{viii) The call for SELF—HELIANCE9 amongst developing nations. Self
reliance, as used here, does not mean "No meore contact with the

advanced nations'", or "No more purchases from the advanced nations",

but rather, the maximum utilization of local factors or resources.

2. THE RELEVANCE OF SCIENCE AND TECHNOLOGY, PARTICULARLY PHYSICS

There is no doubt whatsoever that the attainment of Nationel economic
stability and the full exploitation of the resources of a country is via science
and technclogy. Since the Industrial Revolution in Europe, and :in the light
of the numerous major technological innovations and breakthroughs coming from
the developed parts of the world in the decades immediately following World
War II, it has been generally accepted that science and technology would offer

the most realistic possibilities for human progress and development. The
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roie +F onlence and technology in sranaforming a nation is very evident when

one travels through the developed nations of the world.

Despite the fact that all nations and previcus civilizations have
contributed to the present state of sclence and technology, today technology
has been commercialized - that is, it has become part of a system of property -
and its transfer is no longer free; the knowledge is monopolized and bought
and sold. The third world, particularly Africa, gets almost all its technology
from the advanced countries whers most of the search for new technology takes
place., The benefits of basic science and technology are still to be felt in

many parts of Africa.

The technological dependence of the third world on the advanced
industrialized countries, while beneficial to her in some ways, has a very
serious disadvantage. Apart from the economic disadvantage and the loss of
control over decisions, it has contributed to the lack of an effective local
scientific and technical capacity. It does so by inhibiting the process of
learning-by-doing in technical development, which is essential for the
development of scientific capacity; and by leading to a structure of productive
activity, which tends to make the activities of the local scientific and
technical institutions either totally irrelevant, or poor images of advanced-
countries' institutions. However, the experience of Japan suggests that a
controlled policy towards technology imports can succeed :n securing many of

- : .- s oa- 4]
the advantages »f technology imports while avoiding the worst consequencesl

Graham Jones describes science as KNOW wHYll. 1t is the means by
which we understand our natural environment, inciuding ourselves, and it
produces knowledge. Technology on the other hand is described as KNOW HOW.
Technology provides the means by which we manage and control our environment.

True science constitutes the bullding blocks of technolcpgy.

Certain underlying physical concepts and laws constitute the
foundation of many of the scientific and engineering disciplines that have
played a significant role in bringing about the sophistication and efficiency
in modern technoiopy. The role played by these lLaws iz to asystemarize and to

correlate the vast body of empirical knowledge that man has acquired over the

a8

years. The sclence thal is concerned with the discovery, and the development,
of these laws is known as physies. The physicist is dedicated to investigating
the laws that govern the Universe in ovder to gain an understanding of nis
physical surroundings. By its nature, physics is a very fundamental science
and it interfaces with a variety of other disciplines, its study providing

a unique interplay of logical and experimental disciplines. The study of
physics and the physicist's methods of acquiring and evaluating knowledge
should therefore be regarded as a necessary part of the education of all

children.

We may end this section by noting that technology, having science as
its inner structure and foundation, is the WAY or ROAD to the development of
a nation. The builders of this rcad are the scientists of the nation, The
construction of this road means hard work and sacrifice for evesyone., However,
the WILL to build and walk on this road rests with the people, more ovarticularly,
those that control political power, those in charge of the various institutions
and establishments in the country, and the scientists of the nation. It must
be emphasized that the WILL together with the WAY are crucial to any successful
development. It has often been the practice in most third world countries to
dwell at length on the way to national development via science and technology
and to highlight the external forces responsible for very slow development,
without giving the same emphasis to the negative role of the absence of a
strong will and discipline (internal forces] to successfully pursue certain

policies that lead %o rapid development.

3. FUNDAMENTAL PROBLEMS OF BLACK AFRICA: SCME EXAMPLES FROM NIGERIA

In this section we have grouped the fundamental problems of black Africa
into three types. Problems of tfype A affect the WILL and constitute the
internal forces responsible for very slow development, while problems of type
B and type C are amenable to science and technology. Very good sources of
abbraviated information on Histery, Geography, Government, Econcmy, ete., of

. . : ) : 1z
countries in black Africa are easily available in the literature . The
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Froblems discussed below are in the main common to all the countries of black

Africa.

PROBLEMS OF TYPE A: PROBLEMS AFFECTING THE WILL

(i} ATTITUDE: There exists a very poor attitude to work at all levels in the
society, Much labour is idle for much c¢f the time, while when in use labhour
productivity is very low. The high potential human resource is thus underutilizead
and wasted. As a result of divided interest, people are not very faithful to
their professicns. This may be due to the African culture of many children and
extended family system. In order to cope with the heavy financial demands,
people seek various channels, some corrupt, that may bring in money quickly.
Poverty has led people to see education mainly as a means of securing a
livelihood, and hence encourage their children to pursue those educational
disciplines that are more marketable., Much more serious is the selfish

attitude displayed by people to the detriment of the nation. What needs to

be done about rapid development is known to some extent, but the will is weak.
For instance, the inability of certain African countries to successfully control
importation, despite the obvious usefulness of such controls tc their econoenmy ,
due to high smuggling and corruption is a problem of attitude. To the extent
that governments consist of individuals who benefit from, and represent those
who benefit from, the political economy in existence, they may not wish or be
able to change it. The effective implementation of a development strategy or
policy for many African countries would threaten interests in the advanced
countries as well as those in Africa who are currently benefitting from the
present political economy. A strong development strategy may involve an
alternative political economy -~ a different distribution of the benefits of

the economic system. This imposes limits on their willingness and ability te
pursue different policies on a sufficient scale to secure a significant

change. This is a very serious problem.

(ii) ORGANIZATION: Countries irn black Africa are still far from being very
organized at all levels. This is due partly to poor attitude, already mentioned

above; partly to inexperienced leadership; and finally, a non-scientific

approach to planning.

100

(iii) ECONCMIC AND POLITICAL INSTABILITY: Political instability in black
Africa is a very serious problem, leading to weak or constantly changing
naticnal policies on develecpment. Economic and political instability can
affect very seriously long-term planning, and such instabilities affect
tremendously the strength and unity of the affected country, and also that

of Regional or Continental bodies like ECOWAS, 0AU, etc.

PROBLEMS QOF TYPE B: INFRA-STRUCTURE PROBLEMS

(1) COMMUNICATION PROBLEMS: The rocad and rail networks are very poor and

the telepheones de not function most of the time.

(ii) NG ADEQUATE AMENITIES AND INFRASTRUCTURE IN THE RURAL AREAS: This
problem is responsible for the high drift of young people to the urban centres
in search of white collar jobs. This leads to unemployment problems in the

urban centres and the neglect of forms in the rural areas.

(iii) SHORTAGE OF WORKING TOOLS: Workers in many professions experience
shortage of working tools. For instance, medical doctors in government
hospitals experience shortage of drugs and essential equipments in the
hospitals. Academicians in the Universities also experience non-availability
of important books and research equipment. The lack of science equipment

in many educational institutions is a serious handicap.

{iv) TEACHING MANPOWER: There is the shortage of well qualified teaching

manpower in many educational institutions,

(v) FREQUENT BREAKDOWN OR PERMANENT BREAKDOWN OF IMPORTED MACHINES AND
EQUIPMENTS: In many government establishments and higher educational institutions
the absence of scientific and technological expertiée leads to improper operation
and maintenance of imported machines and this leads to breakdown. Normal break—
down may become permanent or indefinite due to the problem of cbtaining spare

parts, or the inability to effect a repair.

PROBLEMS QF TYPE C: UNDERUTILIZATION OR NON DEVELOPMENT OF RESOURCES

Many resources are untapped in Africa and areas that will need to be
lecked into seriously are:

(1) HUMAN RESOURCES: The right people should be given the right jobs and
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productivity should be highly weighted in issues like salaries, promotions, the
award of contracts, eftc. This will help bring out the best in people. Continuous
training facilities and opportunities will also help the efficiency and

performance of the available manpower.

Lii) RESEARCH RESULTS: The few research results available and unutilized and
the reports and recommendations of various commissiocns seb up by governmenhs are
often set aside and not implemented. A body should be set up to compile avallablie

research results and channsl them into production and service to the natiorn.

(iii) Land, forests and Agricultural resources: Under Agriculture, for instance,
the problems of food preservation, pest control, and increased crop yield are

still to be satisfactorily tackled.

Aiv) The integraticn of the rich African traditionsi herbal medicination

with modern medicine.

{v) Mineral resources — their extraction and efTective usage.
(vi) Rivers and oceans, and their effective utilization,

{vii) Desert, Winds, Rainfalls, and their effective utilization.
(viii) Solar Energy and other nen-conventional energy sources.
{ix}) Development of adequate local materials for building.

{x) Using modern scientific approach to develop African traditional

industries - scap manufacture, brewing industry, etc.

(xi) Scientific and technological public services - information and documenta-—
tion services, metecrological services, hydrological and geolepical surveys,

pureaus of standards, museums, etc.

The experience of Nigeria illustrates very well the three types of

problems already discussed, and this will be briefly narrated here.

The Federal Republic of Migeria is situated on the West Coast of Africa
and lies between latitudes 4°N and 14°N, and between longltudes 2°E and 15°E.
It is bounded on the South by the Guit of Guinea, an arm of the Atlantic Ocean,

on the North by the Republic of Niger, on the West by the Hepublic of Benin

n2

snd orn the East by the Cuaneroon. Wiseria nas an area of about 923,000 square
kilometers. The provisional results of the 1970 census give a total population

of about &0 million. There is considerable uncertainty over the total population
and this is one of the problems facing the country - to obtain religble statistics,

which is very vital to effective planning.

A belt of mangrove swamp forest lies along the entire coastline in the
South. In the extreme North of the country fthere is semi-desert. From the
South to the North of Nigeria there is a rich variety in vepgetation and landscapes.
There are a few mountains except along the Eastern boundary and on the Northern
plateau, where peaks of about 1.5 Km. occur. The Niger, Benue, and Cross are
the three main rivers. The climate is tropical in the South of Nigeria, with
an average temperature of 90°F and high humidity. It is drier and semi-tropical
in the North, where temperatures of aver 100°% are common. Most of the rain
falls between April and September in the North and between March and November
in the Scuth. Rainfall varies from under 64 cm. a year in the extreme North
+o about 440 om. on the coastline. During the dry season (non-rainy season)
the harmattan wind blows from the desert. The land is very fertile and very
much availabie for farming., If this natural resource is fully utilized, there

would be ne justifieation for importing food.

There are many tribes and languages in Nigeria, of which the three
major languages are Hawa, Ibo and Yoruba. The foreign and official language

is English, a unification due to colonization.

On 1 October 1960 Nigeria, Tormerly under British rule, became sovereign
and independent and a member of the Commonweaith., 1 October 1960 to 15 January
1966, Nigeria operated a parliamentary government patterned after Britain.

16 January 1966 to the end of September 1979 waz a pericd of military rule.
During this time also there was a Civil war which lasted for about three

years., 1 October 1979 to date Nigeria operates a presidential style of govern-
ment patterned after the United Stahos of America. At present the entire country
ig divided into 19 States. It is likely fhal more States will be created in

the future. Serious inter— and intra-party feuds between political parties

which cften have strong tribal bases tend to threaten the palitical stability

of the country.



Agriculture used teo be the mainstay of the Nigerian economy and in the
1960's provided 68 per cent of the GDP. The huge rise in the price of petroleum
after 1973 gave an extra impetus to the Nigerian economy to such an extend that
oil became the principal export. By 1980, because of the vast growth in the
volume and value of petroleum the output agriculture was not much emphasized by
government to such an extent that its share of the GDP dropped to 17 per cent
though it still employs about two-thirds of the working population, almost
entirely on small holdings. Despite the intreoduction since 1976 of controls on
wages and imports and stringent foreign exchange measures, there was some
deterioration in the economy during 1977 and 1978, and also very recently — 1982.
The industries in the country are still at a very low level of operation -
mainly assemblers of imported parts. The industrial structure is generally
characterized by high-cost of finished products, low-scale production of
prbducts in quantity and quality, and high import content.

The deteriorating economic situation in Nigeria is derived from three
main causes:
(i) the significant fall in the earnings from export of crude oil and the
equally rising cutflow of funds due to rising import;
(ii) the mismanagement of the public sector of the economy as a result of
corruption and poor planning, and
(iii) the structural imbalance that persists in the economy.
Currently there are efforts to revamp the ailing economy. The efforts are
aimed at diversifying the revenue base away from just petroleum in order to
reduce the over dependence on oil as the main foreign exchange earner. The Govern-—
ment is making efforts to establish agro-based industries, petro-chemical

industries, iron and steel industries, etc.

Inability to fully harness the wealth or resources at its disposal,
is a serious handicap of all African countries and Nigeria richly illustrates

this point.

4. THE WAY QUT

The most important capital of any industrialized country is not its

3,14

physical capital but its human capitall its scientific and technical
knowledge which are the products of improved education and training., FEducation
is the only way out, and everyore in Africa needs education to learn new skills
and develop talents; to keep up with the pace of modern science and technology;
to improve efficiency and performance; and to acguire the right attitude to
work., People must realize that their negligence, misdeeds, and poor attitude
to work adversely affects the nation. With the right attitute the problems of
corruption and idling may by minimized. The graduate in agriculture, for
instance, must realize that he contributes more to the nation in a productive
farm than idling away in an air-conditioned office. Again, the parliamentarian
or senator must krnow that his vote on issues or bills being debated in the Howe
can affect the entire nation. He needs education to participate meaningfully in
the debates, to vote properly, and to always have in mind the interest and

progress of the nation.

Bearing in mind the fundamental problems of type B and type C discussed
in Section 3, it may be necessary to review the educational curriculum often
taken over without modification from the colonial powers. The present educaticnal
curriculum does not seem to provide pupils with enocugh skills needed for
survival and community development. It would be more desirable tec have an
education system that would be more practically oriented, more closely geared
to real development needs of the nation, encouraging creativity, adaptability,
and development of inner talents, rather than mecharical rate-learning. In
addition, each level of education should be self-sufficient rather than, as
present, merely a preparation for the next higher stage, ignoring the needs of

the majority who would leave school before ever getting that far.

Educational objectives at both under- and post-graduate levels are
concerned with a student's acquisition of new skills, knowledge and modes of

thinking, while fostering his personal development. As the technology and

management of an industrial econcmy becomes increasingly complex, labour is
required which is highly skilled, texible and innovative. This highly skilled
manpower 18 peovided by the higher institutions, supplemented by the training
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scho s or regearch laboratories of the big industries. Since the industri
g 1dus es

in Africa are at a very low level of operation, countries in Africa must
therefore strengthen their educational institutions t'ar boyond what they now
are, to enhance technological development. This will definitely involve
increasing the financial allocaticn for education in order to provide adequate
educational infrastructure for the institutions, and also to adequately fund
research in the higher institutions, In Nigeria, the funding of universities
iz far from satisfactory. At a time when the cld universities are crying for
more funds, meore and more new universities are being opened to cope with the

increasing demand for higher education. So today, there are about 21 universities

in Nigeria.

Governments in Africa should create more and more opportunities
and responsibilities for scientific and techneclogical development in their own
countries in order to check the serious problem of brain drain to the advanced
countries. Governments should also induce more students to pursusz educational
disciplines in Science and Engineering by offering more scholarships in those

areas. This will help check the high driff of students into the more marketable

disciplines of Business Administration, Acccuntancy, Law, etc.

Instituticons of higher learning, their traditionz! role notwithstanding,
must find solutions to problems which have become increasingly urgent, in order
to justify their relevance to society and also to justify the heavy financial
budget. The universities, particularly, have a great role to play in an educaticnal
system which is tailored to the needs ana problems of the developing nations.

A few suggestions on this role are cifered helow.

ta} GENERAL:

(i} Encourage interaction beftween wiiversities and other aducaktionai
institutions, and deal more closely with the problems of the {atlter.

{ii) Encourage interaciion between universities and industries and ide:ntify
areas of cooperation., Industries may agree to fund certzin researches in the
universities when importance of research is realized.

{iii) Encourage more interaction (inter—- and intra-} of univers.ties. Such

interaction wili help to vvercome the problem of non-interactiaon of scienbists;
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it will help new Departments and new universities benefit from the experience

of the older ones; and finally, mutual problems cun be jointly tackled more
effectively.

{iv) Reorganize research in the universities into well-oriented research
groups. The present structure of people doing research in self-created iselation
and not interacting - model of non-interacting particles - has not been successful,
and it has Jled to wastage of research funds.

{v) Universities are to organize more frequently educational seminars,
symposia, research workshops, etc.

{vi) Work towards the realization of a strong and respectable national research
council. Such a council is to commission a study into the present state of

the universities and give good advice to government. In the area of post-
graduate training and further training of academic staff, such a council should
undertake to organize advanced colleges and special research workshops during

the long vacations. It may seek the assistance of Internaticnal academic

bodies, like ICTP. Such a council should also work towards improving the

status of the local Journals.

{b) INFRASTRUCTURE FOR EDUCATIONAL INSTITUTIONS:

fi) Science text—books for secondary schools and other institutions; the
writing of sclence text-books by local seientists should be encouraged. Will
such books be cheaper than imported ones? Cheap or not, such books will

draw upon familiar symbols from the local culture for illustrations and examples.
This makes teaching more effective. This suggestion is more important in the
Biological sciences.

{ii} Low-cost sclence equipmentl5 for schools: the department of physics,
particularly, in the universities should be actively involved in the construction
or fabrication of low-cost equipment for schools. Designing is to be done by
ascademic staff and the technicians, who are idle most of the time, can be
actively involwed in the actual construction. The quality of the finished
products improves with more and more practice.

{i1i) Man power for schools: universities are to organize re-fresher courses
for teachers in secondary schools. This will help to keep teachers well
informed on r “fective teaching methods and devalopments in variocus disciplines,

chus improving the quality of manpowsr 1in the scheols.
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o) MORE FUNCTIONAL APPROACH TO PHYSICS:

Vi) The teaching of physics, in this age, should reflect the current
technological awareness. Efforts should be made, possibly al the second and
third year levels, to include actual electrical installations and the typical
elecﬁrical circuitry in houses and common electrical eguipments in the Physics
Electricity Course. Also part of the time spent in measuring the resistance
and resistivity of a copper wire in the physics laboratory class, can be spent
measuring, in addition, the resistivity of earth samples, which has applications
in Geology and minerals exploraticon. Again, a Course on Electronics should
ineclude fabrication or repair of various solid state devices which are now
becoming available almost in every home. Similar suggestions can be given

for some of the other courses in physics. The basic idea is to teach the
physics courses in a manner that will make the graduating young physicist more
functional in a technological age, and well-eguipped to cope with the development

neads of their nations.

Every Physics Department should endeavour to support an active science
club where the scientific attitude to life could be developed. Such a club
should not be left entirely in the hands of students. Science projects should
be outlined that can be undertaken during free periods by students working in
teams. Many educational projects can be undertaken without costly equipment
or a complete laboratory.

(ii) The Physics Degree Course should include an Industrial Attachment
Programme. Also physics majors should take some courses in Technology or
Engineering Faculties. To implement this suggestion successfully, the minimum
3-years Physics Degree may be increased to 4 years.

(iii) If it is not possible to incorporate the ideas in (i) and (ii) in a
Physics Degree Course, then efforts should be made to implement these suggestions
in a Department of Applied Physics and Instrumentation. Efforts should alsc

be made to teach broader optional industry related subjects, and the proper

maintenance of machines and various sclid state devices.

{d} ICTP AND THE TRAINING OF HIGH-LEVEL ACADEMIC MANPOWER FOR THE UNIVERSITIES

Scientistas in black Africa experience isolation from the main stream

of research in the fields of Science and Technology. High level academic man-

1na

powerrequires specialized and continuous training through active participatien

in research, research workshops, advanced colleges, etc. In view of the low
level of research activity in Africa at present, and more seriously, bearing

in mind the political, economic and organization problems facing many countries
in Africa and which problems do hamper, for now, the formation of a strong
national or regional research center, the assistance of the International

Centre for Theoretical Physics (ICTP)} is definitely required in:

{i) helping the Interim Committee for Science and Technology in Africa to
realize its objectives as contained in the Ghana Communiquele;

(ii) funding more and more physicists or scientists from Africa to participate
in the advanced cclleges and research workshops organized by the ICTP, and if
possible organizing a short stay for such participants in some research laboratories
abroad;

{iii) educating physicists on how physics can be fully employed to expleit

the resources of a nation. Werking papers in this area seem to be very general

without being very detailed on how physics actually comes in.

Other International academic bodies can alsc assigt in the realization

of the above, just iike the ICTP.

The literature on the problem of very slow development of third world
countries is currently dominated by contributions from Economists, political
scientists, etc. Now that mathematicians and physicists are wading into the
problem, a computer approach has rich and interesting possibilities. Te
motivate and invite discussion in this directien, I shall end this write-up
by proposing the following research problem which can be solved on a computer

- one of the most important predictive tools in this technological age.

Consider a typical third world country X with possibly an ideoclogy DX.

Let (Il, I, I, ..., IN) be an array of vital informations on X, to be fed

2 3

into the computer as input. From a variety of development plans, each cne
characterized by (Pl. P2' PS, ceay PM), select the development plan which gives
the least number of years for reaching the scientifically and technologically
sophisticated stage best suited to the aspirations of X. What is the minimum

number of years, assuming the current state of scientific and technological
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awareness remains constant in tie more advanced counlries of the worla {statlic

case).
The job

ey PM;

Re-do the problem for the mere realistic situation (the dynamic case).

of the research is fco first determine the elements IL’ 12, . Pl' P

to select the aspirations of X from some estimated Universal set of

aspirations for humanity; and finally, to specify enough realistic boundary

conditions that will help define the problem more clearly and thus guarantee

a unique solution. Reasonable approximations are to be invoked when necessary.

The United Nations and all other bodies or agencles that are interested in the

issue of development should fund this research.
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MATHEMATICS AND DEVELOPMENT
REMARKS ABOUT THE SITUATION IN SUDAN

S.A. Elsanousl

School of Mathematical Sciences, University of Xhartoum, Sudan.

I have been asked at rather short notice to talk on a variety of
admittedly related subjects: Mathematics in Sudan; its role in development and
the problems facing it. The following analysis, which should be looked upon

as representing a perscnal view, is neither deey nor exhaustive.

I begin by giving a brief description of the most important of the
institutions entrusted with the propagation of mathematics in Sudan. This is
the University of Khartoum. It is fair to say that the state of mathematics

in Sudan is overwhelminzly dictated by the activity in tais institution.

Prior to 1977, the University had thrae gepartments in the Faculties of
Science, Engineering and Education together with a sub-department in the Faculty
of Economics. This department in the Faculty of Sclence offered twe types of
degrees: a B,Sc. iHonours degree in mathematics and Jolnt B.5¢. peneral degrees
in physics or chemistry. The departments in the Faculties of Engineering and
Feonomins wera service departments offering a level of training dictated by the
needs of these faculties. The Faculty of Bducation - which was originally
a teachers training institute - provided a joint Maths-Iducation degree, the
emphasis being on offering the would be teachers sufTicient "head room" for

competent high school teaching.

As early as 19£7 which heralded the arrival of the tirst gualified
Sudanese mathemati-ian - and in anticipation af the return of more qualified
scholars from graduste studies abroad, a proposal was made for the sstablishsent
of a School of Mathemstical Sciences to replace the Faculty depariments (educat:ion
was not a part of the uaniversity then). The new body was Lo be entrusted with
offering =tc degree level -comprehensive and coherent training in the Mathematical
Sciences, meeting the service requirementa of g1l the ather facuities of the

University and with providing & leadership For the propagation snd dev=lopment
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- matpenabics in Sudan through better relaticms with the curricula and training
sections of the Ministry of zaueation, the research of its members, its involvement
with the problems of development and throign its efforts to popularize mathematics
and science in generai. After o number of years of promises and dashed hopes,
the School came into existence in 1977. It started its life as =z more

"arricient” sum of its component departments while a degree structure was under
creation by the joint efforts of its staff. The vigorous and fundamental debate

about this structure is very much tied up in the theme of development.

MATHEMATICS AND DEVELOPMENT

I begin here by an attempt to dismiss a popular interpretation of the role
role of mathematics in development. Often we hear political leaders and
educationists speak of the Impsct that mathematics can have and ought to have
in development. Almost invariably it is implicit that {i) by development is
meant the current program rather than any long term process apd {ii} by mathematics
is mesnt sophisticated research level mathematics. Such statements are usually
made under a cloud of vagueness that leaves one with the impressicn that the
vroblems of poverty will simply disappears as soon as they are tackled by the
arm of mathematics, This I beljeve is wrong. It is safe to say that the
speed with which s@phisticatedresearch in mathematics csn be transformed into
tangible improvement of standards of living depends on the level of technological
sophistication, degree of robustness of the economy and the general degree of

cultural awareness of the community.

It is sad to note that mathematicians in the third world countries have
seldom corrected this often made interpretation of their role and have at times
tfastered it. This is done perhaps in pursuit of justification for their activity
in surroundiag conditions of near raw survival or perhaps in aim of securing for
their discipline = share of the material rescurces in a c¢limate of hand to mouth
2Concmy . Tt ig dangerous to let this happen because it would result in
disiilusionment with science ou the part of the masses and governments alike.
1t is important to stress the strategic and futuristic gains of all educational
activities and in particular the mathematical apd scientific ones, and to insist
Lhat these gains are soc great as 1o warrant a share of our efforts and resources

today .

#y whon possible role can mathematices play in development? The answer
{e not clesr and there is no real consensus on any particular formula. Two

podies of opinions can be isolated.
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faj Vier Lng
This realizes that no elaim to development can be made if we cannot stay

in the race for mathematical achievement - a race whici 4o have only recently

Joined. It would be - it is argued - a great ipss if we let g0 now only to
try to catch up later, In a sense this view sees progress in mathematics as
an aim of wide sense development rather than only 2 means for it, All the

same, it is glaimeq that a strong and successful mathematical activity would of
itself entail = favourable effect on the other facets of development - be it
though in no guide@ or pre-determined form, On the practical side it is argued
that a minimum level of activity is necessary before any claims to its impact
can be seriously entertained. The attainment of such a threshold requires

the attraction of talented students to the field. As fact bears it, this is

nct a mean task; there can be no denying that success and international recegnition
are potent stimulants,

That success is possible in the face of chronic poverty has been proven
by the Indian experience. So the recipe is one for emphasizing our position
28 a part of the internationsl community of mathematics, producing mathematicians

to its standards and carrying research in the areas it sees as valuable and
interesting.

It is feared by protagonists of this view that attempts to channel the
activity by way of policy would only lead to weakening it and to relinquishing
its claims to high standards.

{b) View Two

This maintains that should a choice be meaningful and necessary, our
committment should be to the community we function within, rather than mathematics
itselr. The interests of this community are better upheld if its resources are
not stretchéd but rather manipulated for optimal use. It is not surprising then
that a call is made for a policy that reguires an early input from the mathematical
activity intc the cther facets of the development process. It is asserted that
the growth of mathemstics {and science) in absence of simultaneous growth in
other areas of the socio-cultursl front would only reguit in the formation of a
scientifie elite and certainly not the creation of a basis of a scientific culture.
Indeed such an..elite would always be captive of its own successes thus limiting its
sphere of iInfluence, On the practical side any platform resting on such an elite
would be sensitive to the number, strength and quality of its members and would
“hus be extremely unstable given the problem of emigration that we have to face

for a long time to come.

This is not a cry for tying mathematics to concrete isolated problems

with quick returns, It is claimed that good, exciting mathemmstics can be
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cenerated from and around themes relevunt to developmeut in the third world,

We are reminded that the seemingly self-motivating mathematics of today has
started its evolution by calling on themes of physics, astronomy and engineering.
The gdvantnges Of such an activity are that it would ripple through tc other
parts of the socio-culturai sphere and that it lends itself more readily to

coneretization to specific problems when needed.

It is yet tc be seen whether this slaim is true or not. There is
always the danger of the argument being pushed further to result in constructing
simple models amenable to practicel handling but of doubtful mathematical
significance. The feasibility of this claim, however, poses in my view & real

objection to View One.

I hasten to add that the community in the School of Mathematicgl Seciences
is not rigidly divided inte supporters of one or the other view. The working
reality has always been somewhere between the positions stipulated by these views;
the differences are ones of emphasis. I outline here the reflections of these
views on some of the practicalities of poliecy laying and actual running of the
School. .

1) The Degree Structure (specialization vs, board training)

This has been a platform of a heated debate since the creation of the
School, A section of the staff advanced a proposal for three honours degrees
in Mathematics, Statistics and Computer Sclence together with joint honocurs
degrees Math-Stat, Math-Computer Science and Math-Education. While this has
been justified by the practicsl considerations of needing to attract good atudents
by adding a semi-professional aura to the school's program, it is easy to see
that this proposal tallies in spirit with View One ©f which it seems a logical

conclusion to push for early specialization.

A counter propossl calling for a single broad degree (apart from the Education

Jjoint degree) was also made. This, of course, puts the emphasis on the vision
of View Twoj; the argument is that products of such a degree will e better
equipped to touch on a variety of the facets of the cultural development,
furthermore such a degree would release a good deal of the Scheool's efforts to

uphold a high standard of service courses in the other faculties.

The cption of the several degrees has been adopted but they have been
s0 constructed that the first two years of the four -year program are the same

for all the students ~ specializaticn beginning only in the third year. This

goes somewhere towards offering o broad training and to reducing the effort

employed on these degrees through the expediency of pocling students.
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2) Weight and Content of Service Courses

This hss been touched upon in {17, It Is bo be sxpected that a supporter
of View Two would push tor emphasizing the role of service courses in the procese
of propagating the mathematical activity. Demand for a greater shuve of teaching
time for these courses is made; the rneed Tor drawing seoparate coberent plans for
these courses with a view to giving as much headroom above therejquirement of the
faculties concerned as possikle is stressed; the strategy of pooling service-course

ig eriticized {(the

students and degree gtudents for seemingly simllar cows
experience of the Faculty of Sclence department Indicatez That things would be
driven ' to favour the aims of the degrees ). In attempting te accomodate such
pressure while insisting on maintaining high standard degree training, the Bchool

applied for an increase in its establishment.

3) Research, Graduate Education and bxtra-Teaching Activity

An academic leadership in the School is ztill in the making. Research
is not yet given any direction by way of policy. Members ot the School pursue

their fragmented interests with varying degress of vigour uand success.

Ph.D snd M.Sc. programs have been successfully held in "fpplied Maths".
A link has been established with Liverpool University (England) whereby each year
they provide us with one or two of their staff in disciplines of our cholee while
they act as hosts to ome or two of curs who carty on with their research at the
more scientifically motivating atmosphere of Liverpool University. All these
are activities very much in line with View One. On the other side of the
fence, & graduate diploma/M.Sc. in Statistics open to non-methematicians {generally
government employees] has been held several timés. In 1978 the Khartoum Conference
on Developing Mathematics in the Third World was organized by E1 Tom. As A
follow up last year the School held a one-year symposium at Khartoum on Matheratbical
modelling for problems relevant to the Third World {epidemiology, urbanization
ete. ). The success or otherwise of this symposium will prove vital in selling
View Point (2) to a widersection of the section af the mathematical community.

OQur post-graduate training abroad is now relatively more controlled with

some of the prospective members of staff channelled to the fields of "New

Applied Maths",

THE PROBLEMS

A host of problems beset the process of developing mathematies, The

most important of these are not parti ular to Sudan or to mathematics. I

outline some ¢f them.
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{a) he General Poverty Problem

There iz no denying that an atmosphere of general poverty can hardly be
stimulsting to good academis work especiaily in a field like mathematics requiring
a no mesn measure of single-mindedness and positive application. The vaste
time and effort in pursuit of basic necessities at times of general shortages
iz taking toll in a direct way on the performance of the staff and more seriousiy
is gradually laying roots for a mood of apathy and lack of faith. The poverty
problem has other indirect implications on ocur question. The burden of creating
and sustaining a scientific culture is being placed on the shoulders of non-
motivated and badly equipped students. The talented and capable cnes are almost
all iost to the professional faculties because vhelr degrees go a long way o
alleviating the burdens of poverty. Another consequence of the poverty problem

deserves a separate discussion.
(b} The Brain Drain’

Surrounded by rich, undeveloped countris eager and capable to employ
every expert in every field, the losses of Sudan in terms of gqualified staff are
beginning to mount. The situation for developing mathematics is aggravated
by the fact that the losses are not confined to university level teachérs; -1
vast pumber of our Maths-Education graduates end up working outside Sudan.

& scber assessment of the situation indicates that - netwithstanding
the official efforts at stopping 1t by meking it technically harder to leave

the country - the trend for emigration is likely to rise.

I hope our rich neighbours may be persuaded that they would get better
value for their money if the question of building educaticnally capable institutions
iz approached regionally and that they stand to lose if we are depleted to
inability.

{e) Unrest in the University

Where literacy is the exception, it is nor surprising to find the body
of university students possessive of huge political weight, Throughout its
history, governments have found it expedient if not necessary to close the
university whenever polities within it took a turbulent turn or looked likely to
spark unrest ocutside it. The effects of this state of frequent disruption and
closure on the technical execution of the mathemetical education program need
little elaboration - it simply kills drive and inevitaebly leads to a general

lowering of standards.
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{d) Democracy in Higher Fducation Institutions

The policy making and top academic bodies in and cutside the university
are not accountable to the generality©of university staff on whose shoulders
lie the burden of executing these policies. Selection to such bodies and
leading posts of the university does not even involve an opinion input from
the totality of staff and is a matter wholly in the hands of the political
machinery, Against s background of erratic changes in the political fortunes of
of groups and individuals alike, continuity and drive in the running of the
university cannot be satisfactorily and simultaneously maintained. The aims
of education are futuristic and cannot be reached via chaocs or without drive.
The ¢all for greater demccracy in the policy making and running of cur universities
should not be ignored.

Finally I draw the attention of those interested to a significant document
where the questions of mathematics and development are studied: this is the -
.Proceedin-g of the Khartoum Conference on Developing Mathematics in the Thirld
World Countries edited by El Tom and published by the North-Holland Company.
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INDIA

DEVELOPMENT OF PHYSICS IN INDIA

Om P. Singh

Department of Mathematics, Aligerh Muslim University,
Migarh, India.

Friends) I was giver very short notice to deliver this talk, So
regarding the presentation of the matter, I myself dc not feel satisfied.
Anyway, in this talk, I shall present a brief sketch of the development of
physics in India.

Of course, India has a long end distinguished tradition in science.
Universities of Takkshila {now in Pakistan) and Nalanda were two great centres
of learning in ancient India. Indians made remarkable contributions in
Mathematics {1i.e. decimal place value system of numerical notstion, the concept
of zera which revoluticnized mathematical thoughts originated from India and
the foundation of indeterminate analysis), Astronomy, Medicine and Metallurgy.
Desplte the existence of advanced sclentific knowledge in certain fields in
ancient time, there seemed to be a break in scientific treditions in the medieval
period and India suffered a great set-back in seientific and technological
development after the twelfth century. Aecording to F.C. Ray - a famous Indian
scientist - the Indisn soil was rendered unfit for the birth of a Boyle, a
Descartes or a Newton because of continucus chain of aggressions, total disorder
and politieal instebility in the country. Fowever, India had continued to
maintain a fairly high level as far as Astronomy is concerned which is obvious
from the astronomical observatories of Delhi, Jaipur, Banaras and Ujjain built
by Maha-rajls Sawai Jai Singh II of Amer and his well-known contribution te this
field in the early part of the eighteenth century. But, nevertheless, the
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traditional period of the eighteenth and nineteenth centurie-, however, is the
darkest perliod for Indian sclence. Fyen during tro poriooe of over six hundred
years from the twelfth to the nineteenth centuries over 15,000 bocks were
wvritter in India on science and technology. Tndian manuscripts were translated
irto Peragian and Arabic, and knowledre travelied to Furope through Persia and

Arab, outwards from India.

In fact, the first effort to organive the scientific activities and
disseminating scientific efforts of individual scholars came about with the
establishment of the Royal fsiatic Society of Rengal by Sir William Jones in
1784 at Calcutta. The soriety provided a commodious house for scholars and
some necessary Tacllities. Anyhow, at the ernd of the ninetzenth century, the
sign of scientific talents as well as activites started emanating and crginal
research along modern lines began to spring up in various parts of the country.
But it was again Mathematics which occupied the rlace of pride in which Indian
contribution started flourishing. Fyen in the early period, however, [ndians
showed a fairly high level of interest and competence in Muthematics. Tt was
within this reletively short period that India produced a mathematic rrodigy
Srinivasa Ramanujar whe did most cutstanding contributions in the field af
analytic number theory ., theory of partitions and elliptiec modular funetions.
Moreover, there were meny others such as Sir Ashutosh Mukherji, Dutta, V.P. Alyar,
R.P. Paranjpe, M.T.N. Aiysngar, Ganesh Prasad etc. ab that time, clearly In
world class in their “ields whose work laid dosn the foundation of modern

mathematical discipline in India.

Thus by the end of the nineteenih century, Tnilan intellectuals exposed
to the western modes of thought and scienti{ic metodolopy hed hegun to mske unique
contributicns in seience. The earliear 7 the arent vloneers was Bir J.C. Bose
in whose work we see the beginimng of the bListory and remarkably early Jevelooment
of modern physics in ‘rdia during the last decade of the ninetecentt contury.

Bose first worked on the experimental demonstration and detroetion of 5-2° wmm

%

electromagnetic waves, and later on sccurate measurements bicphyuical purameters

relating to pisnt grewih ang hehaviour, designing very senc’hive instrurentz
himself. However, nronabiry the earliest zttempt by lndians to oreznize ihe

1]

seientiflc research on the'r own was made with the establishment of th
Assoeiation for the calft .vstion of sciencer' at Caleutia im 1876, e

Assoeiation was lpspired by Hlr Ashutosh Mukherii

¢ Fenericde

Dr. Mshendra lal! Sircar. o te the beginning o# the twenti

association concerned itseif wmainly in orszanlzing lectures wnd demonstration
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at the end of the

popularizing science. deende, with the induction

of Sir C.V. Raman in 1917, it became a majtor centre for research in vphysieal
sciences. A high polnt in the research activities in vhysics at this

centre was the work of 1.V, “aman which resulted in the femous discovery

of ithe Raman effect in 1928 and that ultimately brourht the Hobel prize to

him in 1930. Nne rcan imagine the great utility »f this work by the fact that

this led to the vublication of about 1,800 resesrch vapers within the next two
vaears after this discovery. Raman continued to do cutstanding scientific work

on the optics, theory ofvislon, crystallography, dismonds, throughout his life

in Calcutta and later in Panglore.iext, there wasthe oioneering work of S.N. Bose
which led to the Bose-Finsteln statiatics: the work »f M., faha on the Saha theory
of thermal lorization on which is based our understrnding of swpectra observed in
astrophysics and theory of monopoles {1936, 1640}, the work of €.K. Mitra on
ionosphere , crystals; and the work of K.5. Krishnan on spectroscopy, diz- and
para-magnetic properties of crystals. Here I would like to remark that today what
goes by the name of the Ziman formula for resistivity was orginally formulated

by K.S5. Krishnan in the forties. The outstanding work of these first generation

physicists of Tndia brought the country on the international map of physies,

Wow, roughly, the gradual development of physics in Indis may be classified

under the periods as follows:

(1} First pericd {before 1538)

In the early period, fundamentzl science was being done primarily by
individual scholars either in the university cr on their own without any resources
and support either from the government or private agencies. Tn spite #f this,
Indians were able to maintain an international standard of achievements as
reflected inr the works o5 such scientifiec geniuses as J.C. Bose, C.V. Raman,

3.4, Rmse, M.M. @aha, 7.K. Mitra and ¥.5. ¥rishnan. The early twentieth

century saw the growth of phyzics teaching in the uniwversities. Before this
period, physics had been taught only in the techricsl institutions such as
enginsering and medical colleges. The three rvexier Universities of India,
Calcutte ., Madras and Bombay {sll established ir 1857 were originally affilisting
universities. Most of the colleges affiliated with them had only a lew science
departments . fesearch was almost non-existent within the ambit of university
education. At the intial stage, the researches in Physics were belng conducted

at the 'Indian Asscelatlcon for the Cultivation of Sciences’ and at the

Prasidency College of Calcutta, Tut, with the growth of post-graduate tesching
within Lhe univerzites [rom the second decade of this century, a number of

seience dewartments came into existence. Post -graudate studies began at
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Caleutts University in 1917 and a number of profestionsl chalre were introduced.
Thereby an impetus to resesrch in Physics starte?l to gain momentur and as &

consequence of this, there develcped a centre of feneral Relativity at Calcutta,
University under Prof, N.R. Sen, Moreover, as & natural felt need, the

University of Allshabad was set up in 1887 first as affiliating type and then
a full fledged residential type in 1922.
with the appointment of Prof. M.N. Sahsa.

Physics department started in 1923
“ince then this university became

a major centre of researches In Astrophysics, X-ray, “pectroscopy, Flectronics,
Acoustics , Quantum Statisties, Wireless, Seattering of light, Crystal Physics
{measurements of ontical constants, electrical resistivity and dielectric
constants of crystals) and physics of upper stmosphere and a well—equipped
X-ray crystallographic laboratory which was established there, became ocne of
the leading laboretories of the world. At the same time, Banaras Hindu
University came into being in 1918 and after its functioning research work
started on the spectroscopy, crystal physies and a school in Relativity

was established there by V.V. Narlikar.

In the early decade of this century with a solo cbjective of providing
advanced instructions and research facilities in science and technology to
promote the material and industrial welfare of India the 'Indian Institute of
Science Banglore' came into existence through generous funding from J.N. Tata in
1909, But physics department could be started only when Sir C.V, Raman became
the director of the institute in 1933. Since then this institute has developed
to & premier research centre in various branches of physiecs such as melecular
spectroscopy, theoretlcal | methematical, nuelear, solid state, blo, astrophysics,
msgnetic resonance and high voltage techniques ete. Moreover , for intensifying
research setivities, J.C. Bose himself founded the Bose Institute in Calcutta in
1917 where researches on biophysics, interaction of ultra-sonic energy with i
liquids having different phyaical properties, solid state detectors, incoherent
scattering of x-rays, diffusion problem in liquids and liquid metals have been
dene, In the meantime, sufficient awakening arcse in the Indian seientifie
comunity to gather at a platform so as to interact, collaborate , orgaiize and
shape the future of scientific activities on various disciplines in the country.
So as a result of this, 'Indian Science Congress'Assoclation' was formed by
McMohan and Simon in 191k. While an apex body of scientists called the 'Tndian
Another academy called the
Further, the

"Wationgl Institute of Sciences of Tndia' which later became 'Indian Netional

Academy of Sciences' was established in 1934,

"National Academy of Sciences' hed come into existence in 1%930.

Science Academy' was set up in 1935.
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Ry the fourth decade of the present century, the scientific community
in the universities has grown up censiderably. Second generation of physicists
of high ability and great potentlal like n 7 Kothar , 5, Bhagwantam,
¢ .R. Remansthan, B K, Asundil, G.NW, Ramchandran, P. Venkateshwarlco trained in
India and steps in Indisn traditions has already come up to sheulder the
rising responsibilities and lead the development of physies in the country.

Many new universities such as Aligarh, Agra, Nagpur, Lahore, Lucknow, Ducca,
Waltair, Patna, Mysore, Annamalainsgar, Trivendrum mostly of affiliating type
and a few of unitary nature had come all before 10h0 and tesching at posi-
graduate level end reasearches on many branches of physics had already been

commenced in almost all these universities.

{2) Second period (1539-19h9)

In this period a great desl of thinking and preparatory work was done,
and slsc a period when the visions of an emergent Indir and the role of scilence
and technology in it got better crystalized. This was the period when it was
keenly felt that there must be a body to look into close collaboration betwgen
basic and applied research and promote the industrial research in the country.
and whieh could bring together scientists, industrialists and administrators at
the highest national level. fo sn autonomous organization 'The Council of
Scientific and Industrial Research' was formed in 1942.  After independence,
the eouncil did a fine job, on the one hand, collaborating with the universities,
and, on the other hand, setting up a chain of national laboratories {25 national,
L regicnal laboratories and two centres for scientific documentation, publication
and information) throughcut the country to promote the applied and Industrial

research through the enterprising effeorts of Prof. 5.3. Bhatnagar.

During the fifth decade of this century, also some Indians scientists such
such as W.J, Bhatha,V. Sarabhai, P.5. Gill of high enthusiasm and great vision,
educated abrosd and trained on Western traditions came to India. Bhabha felt
a strong need of an advanced institute in the country for research in basic sciences
and nuclear energy. His vision was turmed to reality through the creation of
"Tgta Institute of Fundamental Research', a national institute for researches in
basic seciences, software development snd computing technigques' in 1945 with
funds (initially) from Tata trust(now fully financed by the Indian Government, )
which over the years has become one of the finest institutes in the world for
researches in theoretical , experimental nuclear physics, particle, solild state,
Astrophysies, blophysies, electronies, cosmic rays, atmospheric physics, computer
techniques, chemical physics and pure mathematics .
potentialities of nuelear fission, M.N. Sgha founded the Sgha Institute of

Moreover, realizing the
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Oranium metal. Within the period of less than two years, i.e., Dec. 1958,

the Ti

Nuclear Physics" at Celeutiw in 1945,  Further, Raman estatlished "Reman
=t power grade ingot of Uranium metal was prcduced. Simultanecusly,

Research Institute" in Bangiore n 19h7.  fnother landmark in this direction

y reliminary work was tegun on & plant to produce thcrium from Monarite and
was the estsblishment o the "Physicsl Research Laboratory” (PRL) at Ahmedaba- i ' i F
. . N Ilmenite sands. In 1959, the constiruction for thiz was started and within
by Dr. V. Barubhai in 1947 Tness Laree vecame prominent, centres For researches

i . A . . . L. e _ a short span of three years, it was produced. The history of the construction
in physics. By this time. seweral new universities such as i'tkal, Karnauako,

of a number of reactors is more startling. In mavzh 1955, the AEE decided to

Kashmir, Baroda, Ssugar, Funjab, Poona, Rajsthan.were created znd teaching at

L . i . build a nuclear reactor and work on it commenced i:. July 1955, and by July 1956
post—graduate level and research activities in Physics wan irtroduced.
the reactors "Apsara' was commissioned. Bimultancously, in April 1953 =
{2) Thi srind [ 0EN=1659) . . R
{3) Third pepisd (.050-1559) collaboration sgreement was signed between Tndls ang Canada for the production of a
Thiz is the period when agency ourg ar foromniised and

izatlons beoame b

%1y bigger reactor under the name of CIR (Cansda-India Reactor). The

3 ~ e selenre and te TyY i din were lald n by - . . p
the foundations of system of sclence and technology in Ind: re lald down by soment was roncluded in April 1956 and by July %50 the reactor reached
linking up the growth of the scientific institullons with thw flve-year plan. eriticality.

rapid econcmic and goc ol change  in this

Visualizing that physio
. ) . ; At present India has four research reactor: in gperation and a fifth
period the first installation to enhanoc the researches In wopiled physlics was
" AN E . . . ohe under construction as follows:
the "Naticral Physical Latoratery” at New Delhl In 1950. lext, viewing to the

(1) APSARA - A 1MW swimming pool i¥pe indlseneous reactor using

rising role of science snd technology ia the all out develzument of *he country,

R e - . . enriched Uranium as fuel and demineralized water as moderator; became erltical
the Indian Govermment cpened three Institutes »f technology ot Kharagpur {1950),

in 19%0; and continuous in cperstion for Isctope production and physies

Bombay (1958), Madras (1959) nn the pathtern of the Maszachussetts Institute of
exporiments.

Technology which right after inception became aciive on the ¢ and applied

{ii) CIRUS - & L0 MW natural Uranium, heavy water reactor; built with

research on many branches in physics. Further, a body tke "Defence
imetions" was constituted in 1948 Lo advice bhe goverrmesnt on the deferce Canadian cooperaticn; became critical in mié 1960 and continuous to operate for
Organlzg 3] ure S ’ AATLE he g BTTNS Sl 1 Ll TR
- hich. ist . o "pefemoc e reh and develsgment Organization” isotope production., experimentution and training in various Aisciplines.
matter which, iater on, became efence Resszarc ! sgment L
iii) INA - ! gy rea desian i indigenaus
(DEDO) in 1958. This has a chain of 23 laboratories in the country, several =7 (iii) ZERLINA - A zeroenergy resctor, desioned and tuilt indigenously
. in early 1967, yuire natural Uranium and heavy water. This is being used for
which are actively engaged nn the applled physics such as electronios, rafar, g -
1 . to Def studyving new reactors concepls and ermponents.
sonic waves, etc, relating to Defence.

{ivi PUBNIMA -& zenp-energy fast reacior, built indigencusly and

Tha

C) was eztablished

Atomlc v o - Atemic Eaerpy Commis : ; ; w7 : i - i
Atomlc energy Progranic Atemic Energy Commi commissionad in mid 1372 for experimentation in ‘ast reactor physies.

in 10L8 as an advizory body boe the Covermment of India with #.0. 3habla as chalrman.

Wi B-% - 4 100 MW high lux oatur Uranium type, completely indigenous

The Department of &lomic Energy (DAR) cam2 izto being in bocouldd, howsver,

resctor, In advanced stagoo of construction. Tl will be uzed for the

rom 1954 onwards. Barlier scienbisl and technicians

begin Vigorous work only

ol lsobones and deve lopn: of powar-reaclor technology.

wera trained at OTTH apd the insbitut on engapged bthem in the Granslation oF Lhe

knowledge into applied research ln nuclear physics. e Atomic Energy Moreover, L oty tour pawer reastor in operatlion, two each at
Establishment {now called Bhabha Atimic Research Centre! at Somhay was Set oup in (i} Tarapur &tomic Power staticon af 270 Me curscity, each using slightly
1957 as the national centre for research and deveiopment in the fleld of atanic enriched Uranium and are of boiling water t;ue, 71.} Ralsthan Atumic Power
energy. Profect Hoba (RAPPY of 220 Mo canacity caci, while much of major component

. . . . . for unit wes imported from Canada and unit I was nore or less bulilt indigenously.
Under the leadershin aof Phabha . romarkable efficiency, sroduced in the
RAPF and two further auclear powse station. congisting of 235 MWe cepacity each

cohesion of the programmes, was achievs: 4 weflieoted by Lhe rate of progre

. . . . , . are under sonstruction at various stages of completion at Kalpskkam (near Madras)
with which its goals were attained within the schedule time, For example, in
and darora (1o ittar Fadesh?. These are of natural Uranium-heavy water type.

1956 it was decided to put up & plant for the production of reactor grade
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The further programme inecludes 500 MWe capacity heavy water reactors for which
deaipgn work has already been initiated. Also, in preparation for the second
phase of India's nuclear fuel cycle strategy, a 40 MW Plutonium fuelled fast
breeder test reactor is under development at the Reactor Research Centre at
Kalpekkem. In eddition to this ARC has established complexes for the survey,
explcration, processing of atomic minerals, fuel, heavy water plants etc. and

for the use of atomic energy to various peaceful purposes.

During the period 1949-1939, more than 12 new universities, viz. Gorakhpur,
Ahmedsbad, Jadevpur at Calcutta, Keshmir, Kerala, Kurukshetra, Aurangabad,
Tirupati, Shantiniketan, etc. & chain of laboratories were opened which also

started contribution towards research in pure and applied physies.

(4) Fourth pericd (1960-)

In this period still larger number of universities and scientific
laboratories under various agency organizations such as CSIR, ICAR, ICMR, DRDO,
DAE, DOS, DOE, and DST came into existence, while to Ffoster the harmonious
growth of science and technology throughout the country two new Indian Institutes
of Technology were established at Kanpar (1960) and Delhi (1561) which took up
reaching and research programmes in both pure and applied physics at highest

level,

If during (1948-1961) India sav the progress of atomic energy programmes,
then this fourth period is knwon for the develcopment of space research programmes
in the country. In fact, in 1962 the Indian Government set up a "National ‘
Cormittee for Space Research" in the Department of Atomic Energy under the
chairmenship of V.. Sarabhai for promotion in, and exploration of space science
and in 1963, this started functioning and established Thumba Equatorial Rocket
Launching Station(TERLS). In 1969, en August 5, Indian Space Research
Organization {ISRO) at Banglore was set up under DAR. In 1572,Indian Government
created the Department of Science and Technology (DST) and Space Commission under
the chairmanship of Prof, Sstish Dhawan. The main resesrch and development
centfes to carry out the Indian Space Programmes are és below:

(i} The Vikram Sarabhai Space Centre, Trivendrum - Main centre for

space technology relating to sounding rockets and launch vehicles, and to develeop
Rohini series of sounding rockets, a satellite vehicle (SLV-3) and other advanced
launch vehicles like ASLV and PSLV; and maintaining the UN-sponsored Thumba

Equatorial Rocket Launching Station.

(ii) ISRO Satellite Centre, Banglore - The centre to plan, build and

test the satellites for scientific experiments and to conduct research and
development in satellite technology.
(iii) Space Applicstion Centre, Ahmedabad - Apart from designing and
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fabricating paylcads for Indian satellites, this is the main centre for
activities relating to the application of space sclence and technology for

all practical uses such as telecommunications, TV broedcasting and reception
via sateilites, survey of natursl and renewal earth resour.les from space using

remote sensing techniques end studies in space meteorology and satellite geodesy.

(iv) Naticnal Remote Sensing Agency, Secunderabad - The agency for

utilizing the potential of remote sensing technology in the survey of natural
resources through aircraft flight fecility, Indian Photointerpretation
Institute and Landsat Earth Station, Hyderabad.

{v) Physical Resesrch Laboratory, Ahmedabad - This leboratory is devoted

to the basic and applied research in many branches of physics and especially
space physics.

(vi) Sriharikets Satellite Launching 3tation - Indie's principal rocket

and satellite launching station having facilities for launching large multi-
stage rockets for static tests on launch vehicle motors; and for large scale

production of propellants along with rocket fuel research centre,

Besides these, Department of Space has set up a chain of centres in
the country and in the friendly countries relating to a nationwide telemetry,
command and tracking work for operatiensl support to nationel satellites.
Within a short period of 18 years, under the sble leadership of V. Sarabhei and
5. Dhawan, Department of Space,has attained marvellous achievements and ISRO
has designed snd fabricated 6 satellites indigenously, two of them Rohini-~1 and

-2 have been launched using India's own satellite launch vehicle SLV-3, and
and other four Arysbhatt, Bhaskar-1 and -2 and APPLE have been launched abroad

among them the last APPLE is India's first experimental three-axis stabilized
communication sateliite which was launched by European Space Agency Ariane
Vehicle but was put into geosynchronecus orbit with an Indian apogee boost
motor. In sddition to this, for the eighties new work is going on to develop
Polar Satellite Launch Vehicle so as to put 800 kg pay-load satellites in sun
synchronous polar orbit and 1000 kg sateliites in near earth crbit.
In the field of astronomy and astrophysics, to cope with the moedern
advancement , the country has the following observatories:
(1) The Kodaikanal and Kevalur Observatory run by the Indian Institute
of Astrophysics;
(2) the Jappal-Rangpur Observatory near Hyderabad run by OCsmania
University, Hyderabad;
(3) U.P. State Observatory at Nainital.
All these observatories have optical telescopes of one metre class or small.

The Indian Institute of Astrophysics is currently in process of
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The [ndier Institutc of Astrophysics is currently in process of settingup a
2 m class telescope. Moreover, there are L'irwe major radlc tzlescopes in the
country:

(1) The cylirdrical large Ooty radic telescope (LORT) 530 m iong and 30 m
wide, indigenously designed, fabricated, inctalled snd being operated by TIFR-
Bombay . It opermte:s at 326.5 MHz and is being used to carry out high resolution
lunar cccultation observations. Currently work is in progress to set up a
9 km synthesis radioc telescope with 7 small antennas and the LORT as the
element.

(2} A large T-shaped decameter wave radic telescope array (34 MEz) at
Gauribidanur near Banglore jointly commissioned by Taman Pesearch Institute (HBD
and Indian Institute of Astrophysics. It is being used by the technigue of
interplanetary scintillation (IPS) to study the state of interplanetary medium

and of extended galactic regions.

e

(3) A three station IPS network of hfég_géﬁsitivity at. 103 MHz of Physical

Research Laboratory at Ahmedabad to study the interplanetary medium and also as a
long base line interferometer system to study galactic and extragalactic objects.
Presently RRI is setting up a millimeter radio telescope with 10 m reflector.

With all these four installations, the Tndian astronomers seem to be well poised to

to meke major contributions in the years t¢ come.

In the direction of meteorology and oceanography India has establighed
a vast complex of observatories and institutes in the country. The earliest

meteorological observatory was set up at Madras in 1972. To intensify research
in tropical meteorology the Tndian Institute of Tropical Meteorology was
esteblished in 1972 while the National Institute of Ceeanojgraphy was set up at

Goa in 1966.  Since India's econcmy through agriculture and hydropower generation
heavily depends upon good monsoon so to boost its econony, thecountry is making
significant achievements through the work being conducted or various agpects of
meteorolegy at these observatories, institutes and at Andhra University Waltair,

PRL Ahmedabad, IITs at Delhi sand Kanpur and I1.7. Sec. Banglore etec.

How, I should like to mention that recently the Indian governmert has set ur

S.N. Bose Institute and installed an indigenously designed and fabricated Variable
Energy Cyclotron Fariljty at Caleutta to gear up the research on heavy-ion
physics. Further, among many other prominent research activities in the country,
it is worth menticning that as well-known, a crucial experiment to verify the
proton decay is being conducted by TIFR-scientists at Kolar Gold Mines in
Kernataka.

Thus apart from Indian Association for Cultivation of Sciences, Bose

Institute, Sahs Institute of Nuclear Physics-Caleutta, Raman Research Institute
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I.I. Sc. Banglore, TIFR-BARC Bombay and Rirla Institutes of Science and
Technology at Mesra (Ranchi) and Filani, so rar 120 universities, affiliating
1650 colleges, five Indian institutes of technolosy, 150 engineering, colleges

and 350 polytechnics have been established during the last thirty years or so And
almost in all universities, post graduate colleges in science, engineering
colleges, teaching instructions and research facilities at higher level are
available and these all are engaged in the research on many, many branches of
physics. Simultaneosuly, 130 specialized natiocnul lsboratories and institutes
under various agencies have been established out of which several laboratories
and institutions are making cxcellent ceontributions towards the researches in
basic as well as applied physics. This indicates that India has succeeded
to some extent in setting up a sound base to foster, promote and sustain the

cultivation of physice and research in every branch of physiecs by all means and

in all its aspects - pure, appiied and educational - in the country.

Thrust areas for research in physics

under sixth five-year-plan

AL BASTS HYSICS B. APPLIED PHYSICS
i Condensed Matter Physics 1. Materials Research {Inclusive
- of erystal growth, materials
(a) AgorPhous/Random physics preparation, characterization
Ebg glgul: ;;zstals and tailoring properties),
¢ etec amies e.g., metallic glass and
(a) Mei?znical behaviour of glas; mixture
a0lids
2. Superconducting Materials
2. Tolymers and Devices
E:; g?eoligy 3. Quantum Electronics
lopolymers
{¢) Magnetic and conducting 4. Transducer Development
properties 5. Studies at High Tempersture
3. Surface Phenomena and High Pressure
4. Shocks
5. Computer Simulation C. INTERDISCIPLINARY AREAS
6. Non-linear Optics/Systems 1. fiolar Physiecs and Energy
Research
T. Intensity Fluctuation e
Spectroscopy 2. Climatology and Meteorology
8. Chemical Physics 3. Oceancgraphy
{a) Non~equilibrium phenomena 4. Biophysics
{b) Tunneling spectroscopy 5. Astronomy and Astrophysics
{c} Atomic and molecular beams
9. Production and Detection of
Monopoles
1a. Heevy-Ion Physics
11, Plagma Plysics
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Proogentres in inada for research in:

1. Ganeral Relativity and Astrophysics - Gujrat University Ahmedabad,

PRI~Ahmedrbad, Aligarh Muslim University, Banar:. [noa University,
RRI-Banglore (Radio Astronomy), Inst. of Astrophysics Banglore, Bhavnagar
University, TIVR-Bombay, Calcutta University, Delhi University, Gorakhpur
University, Shivaji University Kolhepur, Lucknow University, I[nst. of Math.
Sciences,Medras, IIT-Madras, Punjabi Uniwversity, Pativala, FPoona University,

Udeipar University.

2. Buclear Physics - Aligarh Muslim University, Banaras Hindu University,

Banglore University, TIFR, Bombay, BARC, Bombey, IIT, Bombay, Bombsy University,
Burdwan University, Utkal University, Bhuwneshwar, Calicut University, Bose
Institute, Calcutta, Saha Institute for Nuclear Physics, Calcutta, Calcutta
University, VEC, Calcutta, Punjab University, Chandigarh, NPL, Delhi, Delhi
University, Rajsﬁhan University, Jaipur, IIT, Kanpur, Kurukshetra University,
IIT, Kharagpur, Lucknow University, Madras University, Institute of Mathematical
Seiences, Madras, Punjab University, Patiyala, Poona University, Roorkee
University, NEHU-Shillong, Udaipur University, Andhra University, Walteir,
Nuclear Research Laboratory IART E.M. Station, ilew Delhi.

3.' Particle-, High Energy Physics - University of Allahsbad, Aligarh . Maslim

University, DBanaras Hindu University, RRI Zanglore_  TIFR Bombay, ITT Bombay,
Utkal University Bhuwneswar, Inst. of Physics Bhuwneshwar, Indian Association
for Cultivation of Sciences,Calcutta, Saha Inst. for luclear Physics,Calcutta,
VEC.Caleutta, Jadsvpur University. Calcutta, Cochin imiversity, Punjab University
Chandigarh, Delhi University, Gsuhati University, Usmania University, Hyderabad,
Rajsthan University.Jaipur, Jammu University (High Altitude Hesearch Lab.),

IIT Kenpur, Kurukshetra University, Inst. of Mat. Sciences Madras, Roorkee
University, NEHU Shillcong, Kashmir University, Srinagar, Vishwa Bharli University
Shantiniketan (WB}, Nuclear Research Lab. IART EM Station New Delhi.

k, Spectroscopy - PRL-Ahmedahbad, University ofAllahabadJ Aligarh Muslim University
University {(laser), ISRO-Banglore, RRI Banglore (laser Raman, infrared spectro-
scopy}, I1.T.8c. Banglore (light scattering), TIFR Bombay, BARC Eombay,” IIT

Bombay, Bose Inst. Calcutta, Indian Association for Cultivation of Sciences

Caelcutts, Saha Inst. for Nuclear Physics,Calcutta (LPR of N2R spectroscopy),

IIT Delhi, NPL New Delhi, IITs at Kanpur, Fharagpur and Madras, Vikram Sarabhai

Satellite Centre Trivendrum, CSIR Labs, . Defence Research Labs.

5. Condensed Matter Physics - Aligarh Muslim University, Baneras Hindu

University (metsllic glass and glass mixture), ISRO Banglore, Banglore
University (metallic glass), RRI B%Pglore {composites of piezo-electric and piezo-

magnetic crystals and thin films), TIFR Bombey, IIT Bombay, Bombay University,
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Indian Association for Cultivation of Sclences .Calcutta, Saha Inst. for luclear
Puveics. Caleutta, ITT Delhi, NPL.New Delhi, Usmania University Hyderabad, 1I[Ts
at Kanpur, Kharagpur and Madras, tadras University, RITS Pilani, Roorkee

University, NEHU Shillong.

E Crystallography - Univeraity of Allahabad {X-ray crystallography ),
Banaras Hindu University, RRI Banplore {liquid erystals), TI.T.Sc. Banglore

{crystal physics-condensation of ionired glass, metallic glass, magnetism and

magnetic resonance}, Indian Association for Cultivation of Sciences.Calcutta,faha

Inst. for Nuclear Physics, Calcutta, Delhi University, Madras University.
T. Biophysics - I.1.Sc. Banglore, TIFR Bombay, Bose Inst. Calecutta, Madras

University. IIT,Madras.

8, Electronics - University of Allahsbad (Microwave Lab.), Banoras Hindu
University, Aligarh Muslim University {computer and automation), TIFR Eombay,
BARC.Bombay, IITs at Delhi, Kharagpur and Madras, BITS.Pilani, PRL Ahmedsbad,
I.I.5¢c. Banglore, Jadavpur University,Cmleutta, Inst. of Radio Physics and
Electronics Lab.. Calcutta, Saha Inst. for Nuclear Physics.Calcutta, Rocrkee

" University, Defence Electronic Research Lab., Hyderabad, NPT, New Delhi,

Andhra University, Waltair, Delhi University, SS5PL, Delhi., Space Application
Centre, Ahmedabad, ISRO, Banglore, Central Scientific Instruments Organization,
Chandigarh Defence Naval Physical and Oceanographic Lab., Cochin, Defence
Electronics Application Lab., Dehradun.

9. Theoretical Physics - TIFR.Bombay, I.I.8¢. Banglore, Utkal University

Bhuwneshwar, Madras University, Meerut University (atomic physics), Roorkee
University (atomic physics).
10. {a) GQuantum Opties - University of Allahabad IIT.Delhi,

{b} Electron Optics - Banaras Hindu University, RRI ,Banglcre, TIFR.Bombay,
BARC .Bombay, Saha Inst. for Nuclear Fhysies.Calcutta, ITT.Delhi, NPL.MNew Delhi,

BITS Pilani, CSIR Lab.

11. Atmospheric Sciences — PRL Ahmedabad, Panaras Hindu University, TIFR,

Bombay, Calcutta University, WPL,New Delhi, Jammu University, Hoorkee University,

Andhra University, Waltair, Vikram Sarabhai Batellite Centre.Trivendrum.

12. Space Physics - {cosmic rays, neutron and solar physics) Gulrat University,
Ahmedabad, Aligerh Muslim University, Banaras Hindu University, ISRO.Banglore,
RRI.Banglore (charscteristics of pulsurs, supernova traces}, TIFR, Bombay, NPL,

Kew Delhi, Delhi University, Kurukshetra University, Punjabi University, Patiysala,

IIT.Bombay, IIT.Delhi, Udaipur University (Solar Lab.)
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13. Public sector units engaged in Research Electronics:

Electronic and Radar Development Establishment,Banglore, Bharat
Electronics, Limited, Electronics Corporation of India Limited, Indian Telephone
Industries, Bherat Heavy Electricals Limited, Central Electronics Limited,
KELTRON, All India Radio-Decrdarszhan (television), P and T Department, Departmert

of Civil Aviation and Taurism.
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PHILIPPINES

PHY SICS AND DEVELOFMENT

E. ¥. Aquino

Philippine Atmospheric, Gecophysical and Astronomical Services
Administration (PAGASA)
1424 Quezon Avenue, Quezon City, PHILIPPINES

I am honored to deliver this short talk on Physics and Development,
a topie whioh implies a very broad coverage. But let me put some constiraints
on this by adding its relevance to my country in general and further on
to be more specifie, on the nature of works of my Institution or agency. In
this case the coverage of my talk will be limited on how Meteorclogy as a

branch of Physies serves the purpose for national development.

In the previcus dimcussion with the organizers of this programme, it
was suggested that an introduction on the general information of one's
country be touched first by the speaker and then, the 1ink of Physics to
the development of the country. This hint was enough for me to develop the
issue on Physics and Development in my country with respect to my cffice.

Philippines, one of the developing couniries represented here in "The
Autumn Course in Oeomagnetism, the Ioncsphere and Magnetosphere” is located
in Southeast Asia., The capital region iz centered at about 14° N latitude and
l2loE lengitude. This country comprises nearly seven thousand one hundred islands
and the three largest of them are Luzon, Visayas and Mindanao. The latest re-
port on population shows that the total number of inhabitants is about 50
millions. It is mainly an agricultural country,however numercus industiries
are sprouting everywhere particularly in the vicinity of urban areas. At
least, these remarks served as introductory pointers on my country for my
co=-participante and interested listeners.
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From the consequence of its geocgraphical location, Philippines is pronad
to a number of different weather systems or weather disturbances the whole
year round. The most severe ones in terms of damages to lives, properties
and economy are the occurrences of iropical cyclones of depression, storm
or typhoon intensities. Statistically speaking, 19 tropical cyclones are
experienced by the couniry annually and oceurring nostly during the months
of July, August and September but at times even in October, November or
December. As shown in figure one, the archipelagb is bounded on the east
by the Pacific Ocean where these depressions, siorms or typhoona originate
and on the west by the South China Sea. The map depicts also the so-called
Philippine Area of forecast Responsibility.*

At this point, let me continue and now say something about the

organizational development of my office.

In 1972, the President of the Philippines, well informed and much
aware of the tremendous impact of meteorclogical and allied servicee on
national development created an agency to be known as the Philippine
Atmospheric, Ceophysical and Astronomical Services Administration {PAGASA)
elavating the former Philippine Weather Bureau to & large and more respon—
aive office. Asgociated with the Bureau's expansion both in personnel and in
in field areas of services are the corresponding increase4 in the scopes of
responsibilities. In this connection, PAGASA's general objective is redefined
and thus, is enirusted with "providing environmental protection and utili-
zing scientific knowledge as an effective means or insiruments to ensure
safety, well being, econcmic security of all the peopls asg well as for the
promotion of national progress. Shown in figure two is the organigatiocnal
chart of PACASA. A Director—Ceneral is the head of the office and under
him are six Directors of the allied officas. Apart from these six offices
are the support wunits consisting of the Administrative, Finance and Mana—

gement Service and the Technical Service, cach headed by a Service Chief.

And further on, let me g&ive you a resume of the functione of the six
technical wnits of PAGASA, The first one is the Naiional Weather Office
(NWO) which is responsible for the preparation and issuance of weather
forecasts and warnings apart from maintaining radioc communications with
all the 56 weather stations in the coumtry and national meteorological
centers elsevhere. The second . is the National Atmospheric, Geophysical,
Astronomical Data Office (NAGADC) which undertakes and supervises some 56
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weather stations, balf a doszen upper-air stations (radiosonde, pilot balloons
and radar wind), an equal number of radar stations, port meteorclogical
stations, agrometsorological stations, more thanm 300 climatclogical stationa
and about a thousand rain gauge stations. The third one is the National
Geophysical and Astronomical Office (NGAO), the one that undertakes the
observations and studies of seismological and astronomical phenomena, This
office providea the official time for the country as well as operates a
planetarium and a 12-inch reflecting telescope. The fourth one is the
National Flood Forecasting Office (NFFO) which is responsible for manning
and maintaining the flood forecasting systems for the different basins
of the country as well as for the timely issuance of bulletins for flaood
forecasts and warnings. The rirth office is the Typhoon Moderaiion
Research and Development Office(TMRDO}. This office has the primery res-
ponsibilities of conducting researches and formulating methods to moderate
. the destructive effects of typhoona and minimize the destructions brought
about by floods, rains and drought. ILastly, the sixth office of PACGASA
ig the National Institute for Atmospheric, Geophysical and Astronomical
Sciences (NIAGAS), the office where I beiong. This office is the one
engaged mainly in research works as well ae training of scientists and
technical personnel with respect to atmospheric, geophysical and asirono-
mical aciences, Apart from exiensive research undertakings in Meteorology,
Geoplyysice including Cceanography and scientifiec instrumentations, this
office alac coordinates, monitors, and wndertakes resesrches . on these aresas
in ccoperation with other governmmental and non-governmental institutions
in the ccountry or outside the country. On the training responsibilitiea,
my office condusctes continuing courses both on professional and subprofessional
levels in the fields of Meteorology and allied areas. It also conducts and
facilitates technical seminars and conferences. Likewise, fellowships,
training grantis, seminars and conferences for personnel both locally and
abroad are handled and arranged by this office together- with the publications
of technical and scientific papers. In addition to these, a library facility
is alao made available to personnel and researchers,

Let us consider now the efforts of PAGASA, on natural disaster predictions

such as of tropical cyclones in particular., Here, the science of Meteoro-
logy as a branch of Physice plays a major role in attaining the general

cbjective of our office "providing environmental protection and utilizing
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scientific kmowledge as an effective means or instrument +to ensure safety,
well being, eccnomic security of all the people as well as for the promotion

of national progress.,”

It was mentioned earlier that the Philippines experienced 19 tropical
cyclones (of depression, storm or typhoon intensities)** annually. These
disturbances caused much damages to properties, livelihood. of my country-
men and at times their lives lost and seriously peril the economy of the
nation. For further information, it is worth mentioning to¢ that an
average size typhoon for one day has an energy equivalent toc about 40,000
hydrogen bombs. From this energy messures, one can fully visualize the
amount of energy released in one day as wind force by an average size
typhoon and thus, the resulting consequences that this enormous and strong
wind force,not considering the floodings caused by the associated rainfall,
can oreate over a given area or areas. {learly, millionas of pesos weTe
gone to these natural calamities as destructive wind force, floodings, sic.
But it is also a fact that more damages in millions and millions of pesos
and more lives perished, if timely and accourate forecasts or predictions

and warnings were not issued to the pepulation.

In this connection, our office upcn issuing the forecasts and warnings
for any coming depressions, storms or typhoons, has also a prepared
scheme for storm warning signals to the public, In figure threa, the
explanations . of the signal are fully enumerated. These public storm
signala are communicsted tec the people in many ways, by means of radio—
broadcasts, through television networks, newspapers and some local means

of communications such as blasting of sirens, etec.

Rere, I'd like {o point cut that communications at the right moment

are jimportant factors in order that the people can take the nece-
sary precautions. These precautions chserved by everybody serve to
minimize if not avert the disasters to properties, economic losses and
more to save irreparable liveas of the people. The scheme of

storm warning signal presented provestc be effective in many ways. Thus,
communication

a timely forcast and warning, and necessary

precautions save milliona of pesos, properties and the most important, lives.
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CONCLUSION

Well, I think I would like to conclude that from the point of view of
Physics and Development, the works of PAGASA with respeci to natural
disaster predictions as well ap on allied field of zervices not
accounted for here are the very typical examples of the applications where
SCIENCE in general tries to fit (ensure safety, well being, economie
gecurity . . .} the world we live in. And finally, it was shown vividly
that the coverage of the effects on man of Meteorology being a branch of
Physice has made & notewortihy relevance of Physics to the national
development and progress of my coumtry. THANK YOU.

* PAR.. Warnings and domeatic bulletins are issued by PACASA to the publie,
mpariners, etc , if weather disturbances of wind force from

60 kph or more were within this area or expected to be within this

area in the next & hours. \
**  Yeather disturbances Intensities
Depression « .« o leas than 63 kph
Storm e e e 63 to 118 kph '
Typhoon . « « « 118 kph or more
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STORM WARNING SIGNALS

————
One Blast

MLANING: Disturbance existing. “inds of up to 6U kilametera
rer hour may be expected din the locality within the next Jb
te *: rours. Be or the alnart f.r T.rtrer developments., Turie
in to any of the radio stat.one for “urther information.

Signal Ne |

Signal No 2 Two Blasts

! Listurbsnce aprroscihiiog or affecting the localaty,
Winde of SU-177 kilometers per hour nay be expected within the

lecol -ty witl:n the next P4 woure. Strenethen houses of 1ight
materialis.  Crilares are sdviced to stay indcors. Susrension
of ciasear ig oytiomn?  ard ujon tre wdvice of higher authori-
tires.
e e
Signal No 3 Tivee Blasts
MEANING:

Bigturbance is dargerous to the locality. Winda in
excess of 100 kilometers ;er hour would be expected in the lo-
calaty within the rext 12 to 2L hours, Fverybody ia adviged to
=tay indcers. Clasges are automatically Aauspended.

Fig.3
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NIGERTIA

PHYSICS AND DEVELOPMENT IN NIGERIA

D.M. Fubara

Rivers State University of Science and Technology. Port Harcourt, Nigeria.

I. INTRODUCTION

Physics is the descriptive formulation of the universe as a system of
concepts expressable mathematically. The universe is physics. The conquest
of the universe iz development. Development is a measure of advancement in
science, engineering and  technology arising golely from practical
jmplementation of resolved physics concepts. Therefore development is the

progressive resolution of physics concepts.

Effactive research and development require university level tesching
and research in physics to promote advances in engineering and technolegy
which form the basis for developing any country or culture. In the developed
countries, research and development are carried out almost exclusively by
private organizations and some government establishments. The universities
conduet mostly basic research and very 1little research and development. Th a
developing country, the burden of both basic¢ research and research for
development, where it exists, is conducted by the universities. This is in
spite of the drawbacks described later in Sec.IV. Nigeria is extremely
conscious of this necd for unive.rsities and their role in development. This
discussion of Physics and Development in Nigeria therefore begins with a shorl
exposition on the development of Nigerian universities to the progress of
physics in Nigeria, and problems of physics in Nigeria, and plans for physics

and internationsl cooperation.
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Attention is drawn to existing propasals for research and training
programmes and collaboration among the developing countries of Afcica, Asia,
Middle East and Latin America. These projects - the Giant Equatorial Radio
Telescope (GRERT) and the International Institute for Space Science and
Electronics (INISSE) have been formulated with the fipancial assistance of
UNESCO al the workshop held in 1979 in India. Execution of Lhese projects,
still in the proposal form, will definitely contribute to the achievement of
the objectives of Lthe International Centre for Theoretical Physics {ICTP) by
providing facilities for peactical and experimental training. TCTP is called

upon to take over the implementation of GERT and INISSE.

1I. DEVELOPMENT OF UNIVERSITIES IN NIGERIA

This imprumpty discussion is written up without access to exact data
and records in Nigeria. As a result there could be insignificant errors in
dates or inexactness in staled statistics, without detriment to the factual

substance discussed.

Until October 1960, Nigeris was a British colony. Prior Lo 1960,
Nigeria had only one non-depree granting wniversity college, at Tbadan,
established in 1948 and affiliated to the University of London. It is ‘ithe
premier cradle of most Nigerian physicists and other physical and biological
sciences. Initially, it had 1little emphasis on geophysics, while the
classics and a few of the arts disciplines were unduly emphasized. There
were no programmes in engineering or technclogy. This, of course, suited
British interests and objectives. The British alsc established the Yaba
Kigher College which became the eradle of medical personnel and degree level
type training in the physical and biological scienmces to produce teachers but

not researchersg.

Local political swareness and Nigerian nationalism started in the
early 1940s. Predaure for political reforms and programmes for development

started to mount. Tn the 19508 the British helped to establish the
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non- degree pranting Nigerien College of Arls, Science and Technilugy, whose

programmes werte dislributed to threc branches, located in each of the three
capitals of the Lhree politicai adminlstrative repions of Nigeria. Zach of
the branches later became the nucleus of an autonomous wuniversity - the

University of Nigeria, the University of Ife and the Ahmadu Bello University -
run by the goverament of each of the three regions. The University of
Nigeria, founded in Octobec 1960 as the firsi Nigerian indigeneous autonomous
degree pgranting university, was so named to commemorate Nigeria becoming an
independent sovereign state on Octaber 1, 1$60C. It was not until about 1962
that the University Coilege at 1badan became a full-fledged and independent

degree grankting instituiion now ralled the University of Ibadan.

The University of Lagos became the Fifth Nigerian University. A very

high proportion of current high levsl Nigerian personnel in the physical and

"biological seiences, engineecing. medicine, agriculture crucial to national
development is linked to thesze Ffirst five universities. Refore these

developments in higher educstion between 195¢ and 1965, most Nigerians

sequired university education in Sierra Leone, Europe and America, mostly in

the arts, social sciences and law disciplines.

Physics and development in the 20th century should under such
circumstances still be in its infancy in Nigeria wiich is still a developing
country. But physics wnd high level phy:ics parsonnel inm Nigeria have
developad far beyond infancy and could easily have reached adulthood but for
the fact that the politiecal, social and economic progress towards maturity
lags very seriously behind the pragress of Nigerian physicists. The adverse
influences of geopolitics and the inteccsts of the multinational companies
furl the retardation of Nigeria’s politicai aand socio-economic growth. These

problems are discussed later.

After the beginoing of Military ruie in 1966 in Nigeria, the Foderal
Military Government took over full cesponsibility for and control of all the
then existing Nigerian universities. The National Universities Commission
(MUC) was set up to coordinate and control the funclioning of the universities
on behalf of the government. In 1976, the Military Government suddenly

increased the number of independent uaniversities from six to thirteen. By
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1981, MHigeria had established twenty-one autonomous universities. Five of
these are owned and run by State Governmenls. The Nigerian constitution that
came into effect after the military rule in 1979 re-established the right for

both the Federal and State Governments to run umiversities.

As to be expected, each of these universities has a strong physics
department . Nigeria has an even much higher number of polytechnics and
advanced teachers colleges teaching Physics at Ffirst degree level and
conduckting research. This unprecedented rapid expanzion of institutions of
higher education is still far short of the oneecds of Nigeria's population of
about 8C miiiion people. Only about 10% of qualified Nigecians get admission
into the existing universities. ironically, %“his rapid expansion is one of
the major retarding factors for the growth of physies and physicists in

Nigeria. This expansion which is beyond the capacity of the Nigerian economy

is causing very acute shortage of researci facilities and supporting funds.

III. PROGRESS OF PHYSICS IN NIGERTIA

3.1 Activities in the Universities

As outlined, the existence of over twenty universitiegs (five of which
are purely universities of science and technologyv) and more than twice that
number of polytechnics and advanced colleges, each of which has a department
of physics is an indicator of the prominence of the teaching of physics. All
classical and modern branches of physics are taught. In addition, to the
traditional physics courses s conscious effort is being made to teach courses
thet stimulate more interest in physics as an applied science and not just an
abstract concept. Such subjects include engineering physics, meterial
science, soil science and Fluid dynamics. This makes the physics departments
more competitive in attrecting and retaining students in the Fface of stiff
competition with faculties of engineering, medicine, pharmacy, agriculture,
environmental design, who offer students more attractive post-qualification

economic returns.

145



The Foderal and State Governmensts have a policy to assist in
emphasizing physies. They bhave sel cellings on Lhe czpansion of olher
faculties and sludent intake to prolect and ensure the gruwth of physical
seience faculties. These is an inducement of C(inancial payment to attract
foreign lecturers/vesearchers in the physicsal sciences. Unfortunately, for
physics this inducement is also extended to engineering, medicine, agriculture
and environmental sciences which the government had to recognize as necessary

elements for developing the country.

3.2 Aress of Resgeacrch

In spite of the shortage of facilities and other drawhacks discussed

‘latef. Nigerian physicists are activily engeged 1in research in virvtually all

branches of physics. Areas in which encouraging reseacch is geing on include
planetary geophysics geadesy, geclogy and ecxploration geophysics,
atmospheric physiecs - the lionosphere, radio propagation. solar energy,

meteorology; nuclear physics with emphasis on  nuclear energy and the
applications to medicine and agriculture; solid state physivcs; material
science; radio astronomy; satellite remote sensing and salellite techniques in
solid earlh geophysies ineluding the earths gravity modelling and
oceanography; X-ray crystallography; laser technolopy and its applications in

medicine and geodesy.

3.3 Applied Research in Local Problems

Several universities are enguped in applicd physics research for
solving local problems. The University of Lagos in collaboration with the

Nigerian Broadcasting Corporation, is conducting sustained rescarch into radio

broadcast and reception problems in Nigeria, There are Jjoint raesearch
ventures with some oil companies on exploration geophysics. Pollution hazard
raseatch iz on going in al least four universitites. In particular, the
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University of Lagos has established a radiation protection centre while the
Rues State University of Science and Technology (RSUST}, Port Harcourt, has an
Institute for Pellution Studies which is conducting joint research with the
Nigerian National Petroleum Corporation and an American Consulting firm. One
aspect of this pollution study is hydrodynamic modelling and ocean/river
circulation patterns as they affect pollutant dispersion. This is being
carried out by the RSUST Institute of Flood, Erosion, Reclamation and
Transportation (IFERT). IFERT's main Ffunctlon is the control of flood and
erosion which must be accomplished before the povernment can achieve any
meaningful physical, economic, agricultural and infractural development of the
Niger Delta. This requires the on going intensive research in soil physies

and mechanics, geotechnology and fluid mechanics.

At the TUniversity of 1Ife intensive government-backed research
programme on nuclear energy and non-conventional energy is in progress.
Another government sponscred energy research programme is st the University of
Nigeria, Nsukka. The University of Nigeria has recently established a Space
Research Centre to conduct research in radio astronomy, electronics, remote
sensing and application of satellite technology to earth and ocean physics.
In spite of a lot of teaching problems the radio astronomy is off the ground
due to collaboration with a University in Cslifornia which has provided a

thirty-foot dish.

The geodesy group at the University of Lagos is conducting joint
research with the Survey Division of the Ministry of Works and their
counterpart in the Republic of Benin in the use of Doppler satellite
technolegy For surveying and mapping, international boundary determination and
definition of the African geodetic datum. There is alsc a Jjoint research
programme sponsored by the Government of Finland in atmospheric refraction as
it affects sgurface to surface microwave radio propagation wused in

electromagnetic distance measuring instruments for geodesy.

The University of Ife geophysics group is engaged in an uranium
prospeckting contract research. At the Ahmadu Bello University, the
geophysics group aided by the Nigerian Survey Department is executing a

gravity research programme. Prior to its dissolution, the Halian Geodetic
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Coamissinn had planned to aid gravity research in Nigeria and in the
#stablishment cof ebsolute gravity staticn: "Developing country disease"
hindered the Nigerian jinput into this joint venture and prevented the
realization of the project. At the University of Port Harcourt, the material
science physicists are conducting research in local insulation materials for
the Nigerian Building and Road Research Institute. These are just a Ffew
examples of applied physics research by Nigerian University physicists Ffor

development.

3.4 Scientific Organizations for Physics

{a) The Science Asgociation of Nigeria (SAN) caters for all physical
and biological sciences, engineering, medicine apd agriculture. It promotes
development of these disciplines through various programmes to popularize
science. These include symposia, seminars and workshops; publication of a
scientific journal - the Journal of the Science Association of WNigeria;
publishing of textbooks adaptable to the local environment; award of national
prizes in the relevant science subjects ko secondary school leavers. SAN is
designed to encourage outstanding scholastic achievement in science by the
honorary award of Fellow of SAN. The mechanism for this as in the case of
election to fellowship of the Nigerian Academy of Science has deficiencies

characteristic of developing countries.

{b} Another key scientific organization is the Nigerian Institute of
Physics. It Ffosters the development of physies and physicists through
organizing forum for symposia and seminars, and publication of its journal
called the Bulletin of Nigerian Institute of Physics. To strengthen physics
at the secondary school level, it established the "Operation Teach Physics"
pProgramme . This is a summer programme run at several centres in different
states of the country to teach physics to students in the uppermést two
clagses of our secondary schools.

{c) The Nigerian Union of Radio and Plenetary Sciences (NURPS) is
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snolher scientific organization for promoting physies, It has two main
sections - the Radio Science and the MNigeris Association of Gecdesy (NAG).
The NAC works in close collaboration with the Geodetic Commission for Africa
and the International Association of Geodesy which are organs of the
International Unicn of Geodesy and Geophysics (IUGG). The NWAG publishee the
African Geodelic Jourmal NURPS and its sections organize local and
international symposia and workshops and encourge regional cooperation in

research.

(d) Other organizations performing supportive roles for physics and
development include the Nigerian Education Reseatrch Council, the Comparative
Education Study and Adaptalion Committee, the Centre for Science and
Technology Association of Nigeria, and the Science Teachers Association of
Nigeria. Their supporting roles are of particular importance to proper
laying of foundation in physics and the sciences at the primary and secondary
school levels. The importance of this foundation cannot be overemphagized
because the potential physicists are hatched and either nutrified or killed by

the secondary school stage.

Some of the universities and these sclentific ovganizations devote
much effort towards this foundation laying in the secondary schaols. To
overcome some of the problems discussed later, some university physics
departments promote physics by allowing secondary school students to use their

laboratories during the week-ends for practical lessons in physics.

(e) Nigerian physieists and other =scientists are promipent in
promoting regional cooperation to enhance the advancement of seience. One
such effort is the West African Science Association (WASA) which also
publishes its journal. For West Africse this association plays roles similar
to those that Lhe Science Association of Nigeria plays for Nigeria. It
publishes the Journal Science Association and represents of WeslL African roles

similar to those that the Science Association of Nigeris plays for Nigeria.
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1v. PROBLEMS OF PHYSICS IN NIGERIA

Developing counkries suflfer many drawbacks to their efforls for
scientific and technological development. S%ome of the drawhack factors
include political perturbations, socio—economic influences, rapid expomential
expansion in exponses for providing basie social amenities and
infrastructure. These cxpenses, grossly exceed the nalional income and

growth in gross national productivity.

The economy of developing countries is contrulled by multinational
companies and corporations. 1t is not in their best intercst for developinp
countries to achieve scientific and technological advancement. Thess

multinationals do their best to hinder such advancements.

Successful, progressive and dedicated scientists seldom get into
political policy planning roles and hence make 1little impact in providing
proper orientation and sense of relevant effective direction in research and
development policy making. On the other hand, moslL scientists have to learn
to bridge the communication gap between politicians/administrators/management
and scientists/engineers. The politicians, administrators or managements
control the funds. What management does not understand, it will not approve;
what it does not approve cannot be funded; research that is not funded in this
era cannot be conducted. Without research, there can be no meaningful
scientific and technological advancement. Scienlists and engineers must
learn to explain, without technical jargons, the relevance of their programmes
not only for advancement of knowledge hut alse the relevance to economic

development and national security no matter how remotely linked.

4.1 Political and socio-economic impacts

Prior Lo 1960 when Nigeria became an independent sovereign nation, she

was run by the British to cater for British intercsts ficst and foremost.
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Nigeria was, up til) 1960, essentially an agricultural economy dependent an
the export of cocoa, palm oil and kernels, groundnuts, cotlon and similar raw
materials. 1n 1957, oil was found in commercial quanli!ies and by the mid
1960s, oil! had become the main source of [forcign exchange earning for
Nigeria. ¥rom 1966 to 1979, Nigeria was under militacy cule. During this
period she pressed through a devastating civil war from 1967 ta 1970, The
civil war and Lhe apparent guick *huge" veturns from sale of crude oil
combined to virtually kill aegricultural production and the export of the
traditional raw matecials. Since about 1972, Wigeria has been depending on
0il sales for about 90% of her foreign exchange earning. Current oil sale is
about. hatf of Lhe projection used in making Nigeria's 5-year development

plan. This is a very serious set-back for physics and development.

To the average mind, the immediately obvious indicator that separates
the "developed" from Lhe “developing” nations in the status of social and
infrasteuctural development and functional facilities that establish the
staudard of living. Specifically, the elements of this indicator include
education, health care and welfare facilities, housting, transportation,
environmental sanitation, industrisl production and consumer goods, food and
agricultural production, communication, energy aml waler supply, information

facilities, internsl security and civil defence.

Instinctively, the reaction of all political systems in the developing
nations is to draw up devclopment programmes, involving short-term solutions
to accomplish in & few decades the status of social and infrastcuctural
developmwent which took the developed countries centuries to achieve. This
leads to rapid exponential expansion in financial spending which usualiy the
countries economic power cannot accomodate. For this reason, in spile of

apparent high income from 0il sales, Nigeria is not a wealthy country as the

government. of developed couniriegs ad intermational agencies try to classify
her. Nigeria's financial spending needs astronomically exceed hner oil
income. This has caused and will, for a long time to come, continue tO cause
shortages includiog acute shortage of teaching and research facilities thal
adversely affecl physics and development in Wigeria. The current worldwide

recession has worsened matters.
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In tracing the development of Nigerian universities, we showed that

Nigeria wenb [rom_one in 1960, to five by about 1965 then thirteen by 1976 and

twenty—one by 1981, sketched in the graph in Fig.l1.The growth curves for the

primary, secondary, teachers training institutions and the polytechnics are
even steeper exponential curves. The Nigerian Federal and State Governments
spend about 30% of their budgets on education. Yet due to the astronomicel
growth of and demand for educational facilities in the Fface of Financial
constraints, the gshortages inm teaching and research Ffacilities - books,
journals, equipment, power and water, severely hinder the advancement of

research in physics and other disciplines.

In their anxiety to achieve rapid development and impress the
electorate politicians get trapped into seeking short—term solutions. This
has led to heavy dependence on imperted technology instead of emphasizing
local research and development. of course, the foreign multinational
companies encourage this trend. These companies get contracts for
construction of "turn-key" projects which oftea fail to fumection shortly after

completion because of the absence of a Nigerian technological base.

The oil-economy mentality, the imbalanced emphasis on the construction
gector of the economy, and the economic and social reward system and its basis
are progressively and severely dwarfing the growth of physies. This has
further aggravated the adverse impact of shortage of teaching and research
equipment. Consequently, in some universities, whereas for a discipline like
civil engineering the number of qualified applicants can exceed 10 times the
allocated admission guota, physies and mathematics often do not get half the
number of their quota. There is the casc ol a university that received 4,000
(four thousand) applications for the 50 (fifty) places sllocated to the law
faculty but got only six f{six) qualified applications for the 40 {forty)
places sllocated to physics

There is a physics department which runs three different first degree
programmes. All its undergraduate students are enrolled either in the
combined programme for physics and material science or physics and

electronics. Currently nc student ig enrolled for the pure physics programme.
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V. PLANS FOR PHYSICS AND INTERNATIONAL COCPERATION

There is no substitute for international cooperation as a catalyst for
scientific advancement. Virtually all the functioning physicists in Nigeria
have either had Iheir post-graduate training in some developed countries ot
been exposed to research and working experience in these developed countries
through some foreign collabaration or exchange programme. The issue of
“brain-drain® or Lhe scientists who fail to rekurn to their developing
countries should nol diminish but encourage more cooperation and collaboration

with the developed countries.

The tremendous impact of Lhe various programmes of the Internetional
Centre for Theoretical Physics (ICTP} in fostering the development of physics
in snd physicists from the developing countries cannot be adequately discussed
in this short exposition. There is no other better organized or more
effective “physics fertilizer™ for the developing countries like the ICTP.
The latest ICTP plan for awarding fellowships to physicists from developing
countries to enable them gain research experience at some Italisn research
organizations should be wholeheartedly supported hy the ICTP financial

sponsors.

Collaboration of physicists from the developing nations in joint

research and development programmes is a key [lactor for physies to make its

desired impusct on development of the developing countries, In this regard,
several physicists have drawn up valuable proposals for
intra-developing-country joint research projects. so far, little progress

has been made in this area due to the political and socio—economic disposition

of governments of the developing countries.

Through the aid of the International Astronemic Union (IAU) and the
financial suppoct of UNESCC, scientists from geveral developing countries have
drawn up laudable proposals which are yet to be implemented. The leading

numbers of this group include Professors Swarup and Yashpal of India and Okaye
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and Fubara of Nigeria. IN 1979, physicists from several African, Arab, Asian
and South American countries and some from Europe and U.S.A. held & workshop

in India and produced a blue print for two projects described below,

5.1 The GERT and INISSE projects
“GERT" stands for Giant Equaterial Radio Telescope. Tt is primarily
the brainchild of Prof. Swarup of India. Swarup did postgraduate work and

gained considerable working experience in radio astronomy in California,
U.S.A.. On his return to India he was able to construct an efficienlly
functioning vadio telescope st Oobtacamond (Ooty) in 1India. The entire

design, parts and_ fabrications, and construction were completely based on

Indian technology. The telescope was set parallel to the rotation axis of

the earth. The prinviple of such a construction is that elements of the
anteana artay are set in a north south direction tneclined to the horizon at an
angle equal to the latitude of its location. The higher the latitude, the
steeper the inclination snd the more dilfficult it is to achieve this type of
construction and alignment correctly at the necessary angle of inclination ta
the horizon. At the equator, the horizen is parallel to the rotation axis of
the earth. Therefore, at the cquator the elements of the antenna of a radio
telescope need only be constructed as a horizontal array. This makes it
posgible to construct as long a north-south array as one likes. Furthermore,
on the equator, the coverage uor view angle of a radic telescope is more
extensive than at any other latitude for the szame size of radio telescope

array.

The GERT proposal is therefore to construct a giant radio telescope at
some suitable loeakion on Lthe cquator for rescarch and training im radie
astronomy. It is meant to be a Jjolnt wenture of seveccal collaberating
developing countries Ffor wuse by their scientists. The sc¢ience _and

technology, especially electronics and computers required to _

|m

xecute the

construction and running would provide a very fertile training ground for

local development of technolopy by the developing counicies. Initially,

GERT, was supposed to be sited in Kenya. The latest information from Dr.
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(Mrs.} M. Vannucci, (Direclor a.i. UNESCO Regional Office for Science and
Technology in South and Central Asia, resident in New Delhi, India) is that
due to lack of cooperation a new site is being searched for in Indonesia.

The necessary supporting fund is still lacking.

"INISSE"” stands for International Institute for Space Science and
Electronies. The activilies and programmes proposed for such an institute
located in one of the developing countries, constructed and cun by scientists
and technologists of the collaborating developing countrles are designed to
give s tremendous buost to development of physical science and technology in

developing counktries.

This dream cooperation amongst the developing countries is yet to
matecialize. Sinee UNESCO is already involved in these proposed projects it
is heveby suggested that the International Centre for Theoretical Physics
(TCTP) can now create experimental physics facilities by taking over and
executing the concepts of GERT and INISSE. This will be wvery complementary
te current ICTP progranmes and greately assist ICTP achieve its main

objectives, viz.

(a) to help in fostering the growth of advanced studies and research
in physical and mathematical sciences, especially in the developing
cotuntries;

(h) to provide an international forum for scientific contacts between
scientists from all countries;

(¢} to provide faecilities to conduct original research to its
visitors, associates and fellows, principally from developing

countries.

The late René Maheu, Fformer Director-General of UNESCO, emphasized
that ™Unless it has itz own scienlists and technicians, no country can call
itself free". TCTP should urge UNESCO to assist it implement the GERT and
INISSE proposals to provide the scientific and technical traiming to help iLbe
developing countries become free. The organizing Indian and NWigerian
scientists are adequate and ecager to sec this joinl venture in the developing
countries achieve the objectives of physics and development for the developing

cauntries.
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PHYSTCS AND DEVELOPME]

NI TN KENYA

Daudi K. Kiptui

Physics Department, Kenyatta University College, Hairobi, Kenya.

The aim of this discourse is to reflect on the role that Physics plays in

ABSTRACT

development of a country and in this case, Kenya. Since independence, 20

years ago, Science and Technology have been recognized 25 elements critical

to development in all aspects of life.

It becomes imperative hence to focus

mainly on the scientific, technological and cultural implifications of the

subject over the two decades and possibly its influence in the future of

Kenyan society.
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1.0 INTRODUCTORY REMARKS:

At present, it is becoming a basic fact that physicists and mathematicians
and others who are labelled as scientists, should reflect on the fundamentalities
that the subject of their pursuit has in relation to develepment be it nationally
or intermationally. The education of scientists is an expensive enterprise,
but however, mo society at present can neglect it because there is a speadier

prosperity under scientific and technological circumstances.

With the world divided as it is into zones of developed and developing
(third world), it becomes imperative for scientists and the knowledge of
sciences to be of immediate use in the cogwheels of development, This is
urgently needed in the developing countries, particularly the applied dimensicns.
Tn the African continent, where Kemya is located, the situation is critical,
and few centuries will have to pass by before she becomes a force to reckon

within the arena of science and technology.

1.1 BACKGROUND!

It is an acceptable fact that virtually all major scientific and technole-
gical developments or discoveries appear to have commenced from the presently
developed countries of the world, particularly those in Western Europe. This
has now degenerated into Western science as is often referred te by some third
world countries. It has therefore meant that there was nothing that was
comparable to it in the developing countries of Africa, South America and Asia.
However, it should be recalled that the advantages of printing as opposed to
mere writing, effective communication system, ample climate for research and
motivation, to mention a few, were realized and used earlier in the developed

countries.

In their prime of historical, scientific and technological advancement,
some of these Western countries became adventurous. These factors too affected

their civilization. Anyhow they explored further across the seas and land
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to unknown lands beyond the horizon. Some of rhese journeys resulted with the
discovery of the African continent. The significant phenomenon is the
successful application of the results and discoveries of science. Theories were
formulated about the nature of the universe, particularly the planet Earth

and there came the insatiable need to test them and satisfy mans® curiesity.
Alongside it, was the improvement of techmology te facilitate the realities of

the time.

In those early days, the question of spreading scieuce was not an issue.
It was mans' curiosity for more knowledge and the confirmatien of hypotheses.
As more successes and advancements were made, science and technology became
an economie asset to the founders. These earlier revelations show that there
was nothing of major scientific or techmoloegical concern taking place in
Africa. 1f there was, it was not definitely advancing at the same rate as the
above and neither was it sophisticated. Whatever theories were formulated,
there was no attempt to confirm them by travels or otherwise. The coming of
the Western science eclipsed whatever was there and that was the demise of
indigenous science and technology. However, the dependence on Western
science generates the question whether indeed there was no indigenous science
and technology in Africa of value. There are no written records and there
has never been a Galileo or Newton for that matter unless one looks at
Egyptian civilization as they were notable particularly in the area of mathema-
tics., It must be asked here that:
Given that, if Westerm Science did not eventually spread to Africa, say,
what could be the level of scientific techmological md cultural develepment
at present?

One of the factors brought about by the improvement of technology is the
colonising motive by the Western people. The new lands discovered were
claimed and settled upon. There was unequality in the development of different
levels of cultures, one inferior and the other superior. Africa is rich in
minerals but less developed eculturally, was exploited to the full. The
resulting blow: “the total dependence on Western Civilization in science,
technology and now culture™. This is lamentable but wnavoidable. No country

in Africa today claims to be an isclated case,

Whereas the Western societies have been influenced by science and its
discoveries for over 300 years, many of the African countries have just

started in a real sense and only after being independent politically.
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For Kemya, it is only about 20 years. To start with, the educational system
has had to be modelled to suit the aspirations of the Kenyan people in order
to serve them in the improvement of their living styles. Tnevitably science
and technology has to be given a place in regard to this for it has positive
contribution and effective in meaningful development. In addition, the

cultural aspect is influenced and therefore modified by it accordingly so as

to respond to changing international accurences elsewhere.

1.3 EAST AFRICAN REGION

In reference to this regicn, one is considering the states of Kenya,
Uganda and Tanzania. These three generally were colorised virtually by the
same foreign country, that is, Britain and so moreless saw the gsame develop~-
ments. All became independent between 1961-1963. Prior to independence, a
central body existed which provided common services to the three countries and
this was East African Common Services Organisation (E.A.C.5.0). 1In about
1965, the name changed to East African Community (E.A.C.)}. By then and
onwards till 1977, the common services provided in partnership were: Railways,
Airways, Ports and Harbours, Posts and Telecomunications, Meteorology,
Fisheries, Commerce, Examinations, University education, etc. The latter was
so until 1970, when the former East African University desintegrated into

national universities by act of Parliament.

The other area where collaboration was undertaken was in basic research
in medicine, technology and science, industrial development, economics and
commerce and in education. In many cases, this yielded fundamental oriented
research which was subsequently directed to the respective goverament for
action. It appeared that little or no research was done on the applied

aspects.

In 1977, the E.A.C. broke down completely as there was no more political
will. Tt is a matter of fact that sponsoring research, in basic and applied
in science and technology is and will be an expensive project that a single
government cannot afford. This means that the fast and significant progress
in these areas that could have otherwise been achieved on regional basis,
now degenerates into slow and unsure business. Hence, the scientifie,
technological and cultural elements will take more yeara to be achieved. It
must be observed here that though the regions problems are similar in every
aspect, political speculation and suspicion, alters the nature of things
significantly, forcing each country to go it alone. In this regard, Kenya
as it is in the other states too, has therefore to carry its burden of

population explesion, aconomic recovery, unemployment, educatiom, emergy
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and development and important of all is political stability in the consoli-
dation and realization of national policies, It has to develop and adapt

any kind of technology to herself that may solve its problems.

2.0 KeNYA'S PERSPECTIVE:

Despite the presence of regional co—operation, the Kenya poiitical
system, particularly the government, had to be more central in shaping the
economic, social or cultural, educational factors, and generally the
enhancement of her populations’ welfare (Kenya's location and other background

data are given in the accompanying appendixes 1,2 at the back).

Three aspects critical to Kenya's development after independence in 1363
were: alleviation of poverty, ignorance zand eradication of diseases. These
have become fundamental in the successive 5-year development pians. However,
one basic aspect that held the key to development, was education. It meant
that rhe educational system was to be modelled so as to aid in achieving
effectively the mentioned issues. Further, the goveromenc machinery had to

be organised to provide effsctive plans and subsequently, implementing them.

It is apparent that there was some basic awareness since 1963 of what

was fundamentzl. Some of these were:
1. That education and development are very related functions.

2. That global societies were living in an era of science, therefore there

ig need for scientifically literate society.

1. That there was need to develop or adopt appropriate technology suitable

te the local conditions.

4. That due to lack of undigencus science, a dependence on Western science

was unavoidable. At any rate it is a universal science.

5. That there was a general lack of all categories of manpower, particularly

in the scientific Ffields.

6. That being part of the world societies, there are international obligations

that have to be fulfilled.

2.1 PROGRAM OF ACTION:

The identification of the aferementicmed needs, implied that concrete
programs had to be systematically generated, and action to impiement them

ensured. Thus the following needed consideration:

1. The emtire educational curriculum had to be redesigned and emphasis laid

specifically on the teaching of scientifically based suhjects, e.g.
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physics, chemistry, biolegy and mathematics and some industrial arts.

Attempts had to be made to teach each purely.

7. The adult literacy rate was small. This implication is that an over-
whelming majority did not know how to read and write. 8o as to have any
significant appreciation of science, adult literacy campaigne had te be
mounted. The original figure of about 85% has now come down to 50-60%.
Carrently, the campaign is more vigorcus and a complete literacy must

be achieved by 1985/86 period.

3. Provision of more secondary schools teaching sciences and other technical
subjeets, training facilities for beth technicians scientists and science

teachers.

4. OGCreater emphasis on applied research couplad with openings to facilitate

research to continue on basic or applied aspects.

2.2 PRESENT STATUS

The struggle to be independent was to permit Kenyans to develop themselves
according to their own plans and democracy. The pgovernment and the people
had to respond positively and sacrifice their energies on issues of critical
implications. Thus there was the siogan "YARAMBEE" (meaning lets pull
together) which indeed revelutionalised the way of life in Kenya. On the
educational side, it resulted with the building of so many secondary schools
on self-help basis. Usually, after a lapse of time, the government takes
over the school therefore equiping them adequately. Suffice, to szay here
that there has been positive and tremendous achievement. The current slogan
is "NYAYO" (footsteps along "HARAMBEE") and is intended to pull Kenyans
together for development in PRACE, LOVE and UNITY. As a developing country,
characterised at times by political perturbations, Kenya generally has
achieved comparatively much in 20 years. The discouraging facter now is
economic perturbations, globally felt and will have a retarding effect on

development.

However, the government machinery has constantly been undergoing some
restructural ormanization to bring about achievements soon and efficiently.
Large ministries have been split, namely, previous ministry of Education is
now two ministries of Hipher Education and Basic education; Minigtry of
Works also became Ministry of Tranmspart and Communications and the other
Ministry of Works and Housing. Scme others arve Water Development, Regional
Development, Science and Technology, Naturzl resources and Enviromment, all
being new ministries. Generally, there has been mounting concern for education,

general development and conservation.
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A ministry that was created and of interest to physicists is the Regiomal
Development, Science and Technology ome. In it is the National Council for

Science and Technology which was actually started way back in 1977. The aims

of the council as known are:
1. To be concerned with science and technology policy matters.

2. To act as data and information tank.

3. To educate the masses on enviromnment and other issues for naticnal

development.

4, To provide the necessary link in the various sectors as industry,
agrimﬂxure,nat;}al resources, commmications, housing
and health,

—_ — A

5. To provide the"required financial support or grants for
projects that relate to science and technology that are of
utility in national development.,

Since the council was established, it ha$ succeeded in

vroviding co~ordination, communication links and activated research

by individuals and groups throughout the republic, In additioﬂ,
there are other agencies which provide for research also and it
may be opportune now to discuss about research in the country
particularly those that have a direct bearing on physics and the
application of its princlples.
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3,0: RESEARCH IN GENERAL.

It is globally recognised that research is an inevitable
enterprise for it serves in contributing to the expansion of
seience knowledge.However, so many socleties are preoccupied
with the application of the already accumulated knowledge in
the enhancement and betterment of living standards. Though
this 1is so, i1t 1s an expensive undertaking to fund research
and development, The economies of the developing countries
which are usuzlly weak and whatever there is, is shared by
so many agencies providing essential services, leaving virtually
nothing for research. Kenya suffers from such a situation,
However, there has been a fair attempt to finance some relevant
and essential research,From this premise then, any serious
attempt to relate the phletora of physics principles to real
development issues has been absent. Much of it has been baslc
research which slowly gets used elsewhere,

Research could be said to be done by three groups for which
one may say that principles of physics or knowledge is being
given application and to issues that are developmental in
character.These groups are to name them: the university, some

government ministries and private compenies.
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electronics; computer sclence; approprilate technology; geology;
ghecrnlory. Hence, tiere is a faculty of engineering, and the

%.1: RESEARCH BY UNIVERSITY: departments of phy.les, geology, netesrclomy and appropriate

1 ell as an institute of computer science, Geophysics
The bulk of the fundamenatl research is mainly done by the technology as w e

lectronics is within the physics department
university staff in all sorts of areas.,Some of the research is and elecir phy .

B i i seience s oreatly buno{itied from the development
basic and others essentlally applied.The high activity in this ngineering woiunes fus mrestiy f

1ysd rinciples.0f course the real applied part of physics
field is attributed teo presence of highly qualified staff of physics p P

th . The trained engineers hence play a valuable role
concentrated there, Alsa the university is encouraging research is this area a g pLay

. . n national development. For 2 society to be technological
by the lecturers anc so there is a vote for 1t.A gramt is made in na P '

- eering science, mathematics and physics must be glven a
to anybody who submits a relevant research proposzl;, engineering ’

priority in the education of the youth. Curriculum deslgners
In the Kenyan setting, as indeed in other develoning nations

have taken note of this and the syllabii produced emphasises it.
the wniversity has an important role te play, namely, the

It must be noted that the present state of development in the
ddssemination of xnowledge, tralning of manpower and generally

. Western socleties 15 due to the considersble weight given to
educating the pupiic, Hence, research done must be relevant to

- teaching of sciences and industrial arts in schools and other
national development at most., It should enhance it as well as

institutions.
being educative particularly in the applier dimension, *

: . Considering actual research in the domain of physies in the
At times another school of thought holds the view that al} kinds of n &

iversit there are four or five areas ¢f concern and each has
research should be done by -  the university in service to the unive Vs

ith developmental or educational relevance. Une fundamental
public and nation without any Limitation. This could have been elher a P

biective is the understanding of the .ur-cinding 1n a bid to
so 1f the nation was vich enough and it may  well happen later, obgectl € wrrennding

The sole national university in existence is still a developing control and subsequently exploit it, while the other is the

lication of the known to demanding situations. Another is to
one and hence not so many departments are there that do muich with AppLica &5

X ith k ledge that 1s ever being generated perpetually.
physics for development of the mation. However, the disciplines keep up w nowledg £ € perp

The followi 18 the kind of resezarch geing on with a brief
that has something to do with the subject directly or indirectly ¢ tollowing going on

. discussion on what is actually done,
are: englneering(mechanical, civil, electrical); geophysics;
%,1,.1t GEOPHYSICS,

Peing a wide subject, research 1s giing on in several of its

anbdivision. MNowever, the subject is still under physies.
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1. Geovrenetism- diurnal data collection of H,Z, and § transient
elements. This was started way back in 1964 zna anmizally
Magnetic Yearboocks are prepared on each element for World
Data Centre,

11. Ionospheric physics- research was initiated for sometime
between 1964-72 when the only ionosonde installed was still
functioning. It has been out of order since then, However,
there are plans to restart it again.

The establishment of Nairobi Observatory was for the collection
of the above data required for a better analysis of the clobal
behaviour of the ionosphere, in this case the equatorial electrojet
phenomena, since the area lies within the equatorial ipnosphere.,
Also, it 1s known that the lonosphere has an effect on radio prop-
agation within the tropics and there was need to have some data
from the latitude, that is, dip latitude of Nairobi.

111, Seismology- Some few stations have been established for

monitoring earthquakes. oo far few isolated cases have
been recorded.

1V, Palaeomagnetism- studies mainly centre on the determination
of the direction of magnetic field, polar wander path,
continental drift . Of late, the main application has been
in fossil dating in the field of archeology.There is therefore
an active excavation on identified areas where human skulls
could be found and its age determination could lead to the
origin of human life.

¥. Mapgneto-tellurics- studies concentrate on the conductivity of
the Greet Rift Valley, This valley passes through Kenya from
Ethiopia(see map).
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V1. Geothermal- the Great Rift Valley studies »=»v: shown that there
is a possibility of harnessing geothermal energy for electrical
generation., So far, a big project has been launched for the
purpose and it is estimated that by the end of 1983, about
3w of electricity will have been added to the national
grid line,.

3.7.2: APPLIED PHYSICS.

The angineering sciences has a major contribution to make
in national development as an applled subject.O0f recent past,
there has been a recognition on the contribution made by modern
technology and perhaps supplementing the Indigenous one. The
question is, that it is not a matter of buying technology from
the Western sphere but rather doing something about innovating
and creating an appropriate kind which can be consumed cheaply
in the developing nations.The trend generally then has been
towards such a direction,

Some of the areas that appear to be urgent are: energy,
crop drying and housing., The research done here 1s to emphasize
the development of cheap and favourable technology taking into
account surrounding - conditions of the nation. Attempts are being
made by the Appropriate Technology Centre for Research and
Education at Kenyatta University Campus and their projects are
as follows:

1. Energy- windmill application for electric generation and water
pumping in the rural setting, the designing and testing of

economical weod and charcoal stoves, biogas generation, sclar

cells, and the possibilty of small scale production of electricity

using waterfalls and damming,
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1. Crop-drying- Kenya being an agrucultural country, growing
cash as well subsistence crops, crop drying and storage
are inevitable procedures. An attempt is wade to design a
cheap drier as well as a cheap way of storage.

111, Housing- provision of housing to all in the urban and rural
settings has become an expensive enterprise, especially,
materialwise . Studies carried out centre on the possibility
of using low cost building materials msde from local

materials,

3e1.3: ELECTRONICS
The electronic technology has had an impact on the Henyan
society. Many institutions whether educational or commercial
employ electronic gadgets for efficiency, The computers and thelir
capabllity has totally brought a different dimension of thinkigg
and culture,The revolution has even become apparent due *to the
presence of calculators, radios, televisions, digital watches and
others, All this indicate the kind of soglo-teciinological
development growing countrywide,
Attempts are being made in the university and few other places
to carry out studies on:
1. Bullding of low cost data loggers of a cheap nature using
CMOS chips,
11. Microcomputer sssembling and modification. This include
clrcuit design, construction and interfacing,The parts for
these are usually imported,
111, Software programming for teaching purposes. The micro—
computer is fast becoming an aid in the ciassroom situation.
1¥. Microcomputer application for monitoring temperature, presswre

in some defined arcas poctioularl, come 2oological abudises,
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3.1.4: PHYSIC3 EDUCATICN,

The teaching of physics in a developing country is not an
easy task due to lack of equipment and laboratory space.The
objective of producing graduates who are .:ientiticzlly oriented
or who have acguired scientific attitude and the scientifile
method of investigation is wirtually impossible. Hence, the
overall educationzl objective of having a scientifically literate
soclety could take sowstine. Thers are ankogsls At leasc to ensure
that correct understanding of physics ecnuepts by the learner
occur, There is an on-going research related to this 4in the
followlng:

1. By developing low cost and simple zquipment for teaching
as an aid particularly in the secondary schocls. At present
Physics teacher education aims at irwvelving the prospective
teacher to doing innovative and creative work in the design
end construction of simple but relevant apparatus for easy
illustration of concepts,

M. In a small scale and mainly in the university, the use of
microcomputer and television for the teaching of the subject
is being attempted.

TM1.Zome work is going on the so-called distant-learning method

and another on identifying and correcting possible misconcer

ptions in the teaching-learning of physics,

3.1.50 areokoLogy | AND GEQLOGY,

feteorviozical . studles are required because of the agricultural
activities of the country. Hence, w. ior information must he
available throughout the year for the farmer.A well-squipped station

for the purpose has been Luilt and uses radars and computers for
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forecasting. . For a country wide forecasting, there are substations
away from the main one but supplies data to the central one thus
enabling the neteorclogists to give a fair prediction of the
ensuring wéﬁmer in the next 24 hours,.In the vniversity, a meteo-
rological department im there for training and offers programmes
up to the dbploma level.

Geology department offers programmes up to undergraduate level
and there is a hope that Kenya may be having untapped mineral
résources as inferred from some isolated geological studies already
done.Trained geologists who have done chemistry and physics are

so much required to carry cut the surveys countrywide,

3,1,63 MISCELLANEOUS

The actual data indicating on-going research outside the
university is hard to core by and particularly where physics may
be playing a role.In most cases, research may be done by;miw£e
organisationswho seldom reveal what they have achieved. The ones

done by government sponsorship cannot also be circulated but

may remain the property of the ministry concerned. The establishment

of the Natlonal Research Council may eventually provide what is
available.

Generally, research that has gone on whether by government
alone or Qith private companies,go on the foliowing areas which
may be connected with the application of physics principles:

1. GCeothermal energy exploration and expleitatien,

11, Hydro-electric harnessing( main source of electricity)

111 .. International telecommunications notwork via satellite,

1¥. Radio and television cemmunications countrywide.

V., Computerization of payrolls, price indexing analysis,e.t.c.
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Apart from private organisations that operate within ard for
purposes of doing mainly some kind of applied research and sub-
sequently exploiting it for profits,there are world Organizations
which also contribute. The rain one being the linited Hations and
it's agencies, namely, UNEP, UNESCO,IAEA.The other agencies are
USAID, * and others that are sponsored by U.S. government. In many

cases, the application of yhysics for development 1s apparent in

each of these agencles.

40: IMPLICATIONS OF PHYSICS.

The disciplines has been given much weight in 1ts teacﬁing
hoth in the secondary and the university. It has a considerable
effect generally on development of a nation. Its implications
may be clted as follows:?

1, Physics has a significant influence on man's dally activities
or 1ife. Such concepts like force, energy, motion are of
direct relevance everyday.

11, Man should understand the physicsl nature of the universe
s0 as to control and exploit it meaningfully.

111,Life becomes more confortable and more interesting, e.g.
transportation, commmicztions, entertainments, e.t.c.

1V, Being a universal science, it has promoted international ..
co-operation in research, technology, politics, economics
and even culture.

V. A transformation of societies has been brought about by

the elimination and replacement of cultural beljefs and
superstitions.

V1, There has been a cultural revolution through usage of radio,
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T.¥s', newspapers, ecars,phones, c.t.c.

V11.4 kind of technelogical creativity and innovation has been
enhanced as well as know-how. This has meant generation of
employment in some sectors,

V111.The basic principles under physics has had significant

application in other areas,e.g, medicine(radiotheraphy,

swrgery), agriculture, hydrology, &.t.c.

5.0: PROBLEMS AND CHALLENGES.

Being a developing country, Kenya has her own problems to
face and to attempt to seek solutions.Several issues come into
focus, namely:

1. There is shortage of resources, .8, finance, hence, research
is hampered as well as the welfare of the people.

11. There is a consuming deszire for knowledge and technelogical
products rather than the development of our own,

711.The presence of high illiteracy generates less appreciation
for technological or scientific discoverias through research
work.

1V, The income per capita is generally low and therefore the
living standards is poor.

V. Xenya has a high annual population increase and this would
overstretch the ;eaare availzble resources.

V1. There are fewer institutions of science, education znd
training.

V11.There is a mentality for people to pursue knowledge for the

sake of excellence rather than appropriateness.
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V111.Regional co-operation which existed before should be
re-established for the Bastern :...:;.., region,

14, There is need to popuiarise the teaching-learning of
physics and mathematics and their application to development.

X. Provision of libraries and lack of informastion flow, e.g.
disseminating research results and knowledge to those who
may need them,

X1, Lack of forums for exchange of ideas and generation of new

anes.

6.0: CONCLUDING REMARKS.

The application and the appreciation of physics principles,
though is still low, tut given its significance and effect on
our daily lives and development, -he tine wiil come whon il has
priority in teaching and learning or preparation of the youth
for future roles. ¥With such problems as energy, environment,
communications and others, people will gradually realise how
physics actually bring about acceleration of development.The
direct and indirect application of physics to relevant

situations of 1life is a definite expectation in Kenya.

173



SUDAN Ef%“
AT T
1 | L

Z
{ H
N 3
{‘. g Q¥ Y ol
T S "{,._.d o Eour
, Lade [
. figfhiii/ .éf
N E UNARCE

TANS

Nap orF

e — _.-__'-,,—‘-—-——A-—..- ul“(

-

b e T Vit yaniaRo

Al A

We N vyA
114

;
i
‘
i

1. Location:

2. Populatien:

3., Capital City:

4, Economy:

5. Government :

6.1 Education system:

6.2 University

APPENDIX 2
Eastern Africa
Longitude: 35° - 42°
Latitude: 4% - 4%

Equator passes about the middle.

18 million (3.5% birth rate)

Nairobi

Located at 37.1°E. 1.5%s

Population of 1 williom.
Mainly agriculture, tourism.

Civilian, 25 ministries.
One party state.
5 year development plan.

Primary education

Secondary education (6 years, pay fees)
University education (3, 4, 3 years, loan system

practiced).

Education, Medicine, Science, Agriculture and Veterinary,

Arts and Engineering.

(2nd University in preparation).
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5 year election cycle.

(7 years and free)

Nairobi university composed of five compuses for:



UGANDA

PHYSICS AND DEVELOPHMENT IN UGANDA

E.M. Twesigomwe

Department of Physics, Makerere University, Kampala, Uganda.

1 am deeply honoured and much appreciate the opportunity to give a
lecture in this series on Physics and Development. This afternoon I will try
to give a general ocutline on the role Physics has played in the development of
Uganda. I will start with general information about Uganda for Lhose of us

who know little or mothing at all about Uganda,

Uganda, a republic within the Commoanwealth, obtained independence in
1942, Located in the Eastern Afrcican plaleau between 1030‘8, 400 N and
29030'E, 35 E, it is at least 800 km from the Indian Ocean. The total area
is 74,139 sgq.km but 17 percent of Lhis is made of fresh-water lakes, of which
Lakes Victoria, Albert and Edward sre shaced with the neighbouring states of
Kenys, Tanzania and Zaire. Lake Victeria is the source of River Nile. The
Nile water leaving the l1lake is harnessed for hydroelectricity {(Own Falls
Dam} . Rwenzori mountains (highest peak 5,109 m), somebtimes called Mountains
of the Moon, lie on Lhe border with Zsire and are at the edge of Western Rift
Valley. The country is inhabited by 13 mi!lien peopls who speak more than 15
different languages. This of course has crcated some prohlems sginen it has
made direct communication difficult, thus makisg interaction amcng Lhe people
more and more difficult. Becanse of many different languages, English has
continued to be the official language although not understood by the whole

population.
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Let us now examine the role of Physics in Ugaanda's education system since
the education is the backbone of development for any nation. The education

system can be summarized in the form of a chart:

- {UNIVERSITY | - U
TECHNICAL 1 T.T.C. OTHER l
COLLEGES Grade ¥V COLLEGES

SN //
e SECON_DARY—VP,/::Wi o
EECHNICAL g "A" LEVEL T.T.C. 1 rormm
SCHCOOLS ! Grade III SCHOOLS
HOE - L Grade IIT |

\\\\\Tx
\\\RHISECONDARY

“0*" LEVEL

l PRIMARY

Chart showing education system in Uganda.

Keys:
T.T.C.: Teacher Training College
"0" Level: Ordinary Level

"A" Level: Advanced Level

Primary education is a seven-year course, science being one of the

subjects taught but only to higher classes. At this level science consists
mainly of Biology and some FPhysines. Secondary School education is a six-year
177



course divided into ordinary level, four years, and advanced level, two
years. Geography, History, English, Mathematics, HBiology, Chemistry and
Pliysics are compulsory subjects at "O" level. At "A" levcl, ecach student

takes three subjects of his/her choice.

Pupils who do oot wish to join gecondary schools may join T.T.C.'s.
After four years in these colleges, they qualify as grade II teachers.
Students who do not join “A™ level from "0 level may join other institutions
to train in different fields. These institutions include T.T.C.'s at grade
IIT 1level, secretarial colleges, nurse and midwife training schools,

commercial schools and technical schools which offer certificates.

After two yeurs in A" level,students may either join University grade V
T.T.C."'s, technical c¢olleges or other c¢olleges which offer diplomas, There
are several grade ¥V T.T.C.'s, one Lechnical college known as Uganda Technical

. College (U.T.C.) and several other colleges and schools. These include
Agriculture Colleges, Medical Schools and Uganda College of Commerce {U.C.C.)
which offers courses in Business Rducation, Physics at "A"™ level is a

vequirement for students who join Medical Schools.

U.T.C. was founded in 1954, Tt has & population of more than 1,000
students training in different fields. The college has several departments

which include

Civil Engineering and Buildings,
Electrical Engineering,
Mechanical Engineering,

Science and Mathematics,
Technical Teacher Training,
English and Liberal Studies, and

Industrial Ceramics.

Science department offers Physiecs which is compulsory to all students.

The National University, Makerere University in Kampala, was founded as a

technical school in 1922, 1t became a constituent college of the University
of London in 1949. In the early sixlies it became a constituent college of
University of East Africa. Makerere attained University status in 1970.
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The University community consists of more than 4,000 students and about 500
members of academic staff. There are 7 departments, 4 schools and 3

institutes.

Faculties: Laws
Secisl Sclences,
Arts,
Veterinary Medicine,
Technology,
Science and

Education.

Schools Medical School,
School of Fine Arts,
Centre for Continuing Education, and

East African School of Librarianship.

Institutes: Institute of Statistics and Applied Economics,
Institute of Social Research and

National Institute of Education.

Physice is compulsory at "A" level for the students who wish to enter
faculties of Veterinary Medicine, Technology, Science, Education and Medical
School.

Physics Departments are under the Faculty of Science. The department has
nine members of academic staff and over 200 students. Besides, general
laboratorles, Microwave, x-ray diffraction and Radioisotope laboratories are
available. Physics graduates are employed by wvarious departments and

corporations which include

Uganda Teachers Service Commission,

Meteorological Department,

Uganda Posts and Telecommunications Corporation,
Radio Uganda and Uganda Television Departments,
Civil Aviation Department, and some of the Research

Institutes.
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In addition to teachlng, members of academic staff do some research work
in fields of coesmic rays, micropulsions and energy. In particular, the
department is examining the use of renewable energy especially biomass,
geothérmal and solar energy. The energy research program is sponsored by the
National Research Council. The Department plansg to expand its research

programs to cover:

1} Rew materials - The Department is interested in the local raw materials
of potential use in electrical, electronic, optical and high temperature
industries.

2) Applied geophysics in which we seek to locate the probable economic
concentrations of minerals. It is hoped that research in this field will
be carried out in co-operation with departments of GCeology, Makerere
University and Geological Survey and Mines, Ministry of Lands, Water sand

Mineral Resources.

Researchers at Makerere University face two major problems namely:

1} Shortege of academic staff - consequently members of academic staff
spend most of their time teaching since they have high teaching loads;
thus little time is available for their research obligations,

2) Shortage of funds - this has resulted in shortage of equipment, lack of

periodicals and journale which are essential for any research work.

It is hoped that as the general economy improves some of the problems will

be overcome and research at the University will play its rightful role.

In conclusion, we see that Physics has played a major role in
the.development of Uganda and thus its impact is felt in almost all Government
Dapartments, all educational institutions, research organizations and, to some

extent, in the.industrial sector.
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BANGLADESH

SUMMARY OF TEE SYMPOSIUM ON THE ROLE CF PHYSICS AND DEVELOPMENT
Held at Dacca, Bangladesh in 1982

Kh.M. Mannan

Physics Department, Dacca University, Curzon Hall, Daecca-2,
Bangladesh.

ABSTRACT

This summary shows the present status of physics in the context
of research and development in Bangladesh. It is shown that
cultivation of physics as knowledge is merely not an intellectual
exercise, but alsc has a great role to play in the socioc-economic
development in an underdeveloped country like Bangladesh. However,
it is regrettable to observe that this role of physics in the overall
national development activities is not properly appreciated and

implemented.
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Eackground

This symposium was organized by the Bangladesh Fhysical Society,
Bangladesh Atomic Energy Commiscion and University of Dacca. The idea for
this symposium was mooted Dy the Asian Physical Society and this was very
relevant to Bangladesh context in view of the severe difficulties faced in the
physics teaching and research in Bangladesh, where activities around agriculture

are given topmost pricrity in development plannings.

The Universities of Dacca, Rajshahi, Chittagong and Jahangir Negar are
entrusted with the physics teaching at graduste and postgraduate levels in the
country. Physiecs in the University of Engineering and Technology and the
University of Agrieulture are offered as service subjects. The Universities
carry out research works as a training programme associated with M.Se. and
M.Phil. degrees and sometime at Ph.D levels. Bangladesh Atomic Energy
Commission (BAEC), Bangladesh Council for Scientific and Industrial Research
(BCSIR), Jute Research Institute, Central Testing Laboratory, and Forest Research
Institute (in addition to the Universities above mentioned) are the important
research organizations where research in physics is carried out. The total
number of physiecists at Universities and Research Organizations would be about
200 in the country; of them about 100 physicists have Ph.D degrees or some foreign
training. There was considerable response to the symposium both from home and
abroad. About 25 physicists from the nearby countries and from Europe, USA

and Japan presented invited talks and contributed papers.

More than 100 physicists from different Universities and Research
Organizations participated in the 5-day long symposium held in January 1982.
There were 12 sessions in which 24 invited talks and 43 contributed papers were

presented on the following topics:

Non-conventional energy
B. Physics of materials
Prnysies in agriculture, medicine and industry

D. Recent development in physics.

One may ask about the possible role that physies can play towards

socio-economic development in Bangladesh. This is a complicated gquestion to
aNSWer. However, in brief this may be put as follows:

1. Keeping abreast of research developments,both basic and applied,

2. Tectnical manpower development,

3. Transfer and generation of technologles,

b Creating an environment cenducive to the development of science.
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It is hoped from the Dacca symposium that 1t may be possible to assess
] . . o TABLE 1i
the successes and failures in realizing the roles that physics could play in

Bangladesh.
A piecture of the research activities in the development

In this summary we will concentrate an invited papers about Bangladesh
of alternative energy in Bangladesh
perspective hoping that a general picture about research in phyeics in Bangladesh

would emerge. ——
Type of energy Institution/University
Solar cells Rajshahi and Dacca Universities
. Collector plate Dacca Univerzity and University of
A, NON-CONVENTIONAL ENERGY Engineering and Technology
Invited Talks Solar cooker Council for Seientific and Industrisl
] Research
1. Development of alternative emergy in Bangladesh by M. Hossain, Dacea
University. Wind mills Decca University and University of
) Engineering and Technology
The author stresses the correlation between gross national product
(CNP) and per capita energy {[commercial} consumption, given in Table I. Measurements of sclar energy Chittagong and Dacca Universities
TABLE I Solar stills Dacca University
Correlation between GNP and per capits energy (commercial) consumption _ i

Country ?er capita GIF Per caplta energy 2. Physics of Materials for Photovoltaic Solar FEnergy Conversion by
in US $ (1978) {commercial) consumption {78)
e e W.G. Townsend, U.X.
Bangladesh 90 L3 ) 3. Solar Fnergy Research in India by H.P. Garg, India.
Burma 150 £l ' Photovoltaic Power Generation and Its Application by F. Pfisterer,
Federal Republic of Germany.

India 180 : 176 !

. Contributed papers - Of the 10 contributed papers on solar energy,
Pakistan 230 . 172 : 3 .

. X seven papers dealt with the recent results in this field in Bangladesh.
Sri Lanka 190 109 |

‘ !
Thailand hgn 327 :
Malaysia 1090 716

E. PHYSICS OF MATERTIALS

X . Invited Talks
The conclusions from Table T are obvious:increased cnergy consumption

reflects the GNP growth arising from the increase in productive activities.

Bangladesh, except the few gas fTields and one hydroelectric power supply, has 1. Microstructure of jute fibres by Kh.M. Manran, Dacca University.
a dismal picture in the availability and possibility for development of Export of jute fibres and their various products contribute to more
. conventional energy. The author gives a picture of Lhe activities of physicists than 60% of bhe forelgn exchange esrpings by Tangladesh. This fibre is Tacing
engaged in the development of alternative energy in the country (Table 7T]. serious competition from synthetics., For better performability and diverse
use of fibres, microstructural knowledge is very important. Thic paper reviews

the early X-ray photographic studies carried out at the Universities of Dacca
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and Calcutta. Ths use of wide angle X-ray scattering (WAXS) has recently
become prevalent. This talk also presents the author's studies of natural
and grafted jute fibres using WAXS in determining crystallinity, crystallite
size and lattice distortioms. The importance in understanding the physics of

the amorphous contents is stressed.

2. Proton Induced X-ray Emission (PIXE) Spectroscopy in Elemental Analysis
of Biological Materials and Liguids by A.H. Khan and M. Khaliguzzaman,
Bangladesh Atomic Energy Commissicn, Dacca.

This powerful method for rapid multi-element analysis has been set up
recently by the authors at the Dacca Atomic Energy Commission. A warlant of
this methed using external beam has been developed. The applicaticn of PIXE
in the analysis of biological and liquid samples was illustrated.

3. The Physics of Amorphous Metals by E.H. Brandt, Max-Planck Inst.,
Federal Republic of Germany.

L. Growth Kinetiecs and Thickness Distribution of Ultra Thin Oxide Layer
in Tunnel MOM, MOS and 3038 Devices by G.P. Srivastava, Indis.

Contributed papers - A total of eighteen papers were presented on the
section of materials science; of these ten papers were contributed by local
physicists.

C. PHYSICS IN AGRICULTURE, MEDICINE AND INDUSTRY
Invited Talks
1. Medical Physics in Developing Countries by B.H. Brown, U.K.

According to the author medical physics may seem inappropriate to the
health care needs of developing countries as it is a high technolgy subject.
(ne major role of a medical physicist within a hospital cean be to organize an
effective equipment maintenance service as it is vitel if services such as

radictherapy diagnostic X-rey and nuclear medicine are to operate.
2. Huclear Engineering in Medicine and Industry by G.F. Knoll, USA.

This is an important talk in view of the possibility of having one

regearch reactor by Bangladesh Atomic Energy Commission.

3. A recent Development on the Medical and Biological Utilization of

Research Reactor by An Shigahiro, Japan.

This has similar importance as Talk No.Z2.
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Y, Biomolecular Mass Spectroscopy by Ion-desorption by Bo. Sundgvist,
Uppsala, Sweden.

5. University Industry Collaboration by Chatar Singh, Malaysia.

Reasons for lack of collabeoration between university and industry in

developing countries were discussed. Form of such activities were presented.

6. The Variable Energy Cyclotron at Calcutte and Its Utilization by

A.S8, Divatia, India.

Contributed papers - There were twelve contributed papers in this group.
The important papers were from the group of Prof. M.5. Islam of Dacca University
on the electrical stimulation in bone fracture healing and on the piezoelectric

and elastic properties of bones.

D. RECENT DEVELOPMENTS IN PHYSICS

Invited Talks

1. Topology and Physics by H.D. Doebner, Federal Republic of Germany.

2. Nuclear Coliective Motion and Interaction Bozon Model by Akite Arima,
Japan.

3. Atomic and Molecular Processes with High Power Lasers by N.K. Rahman.

ROLE OF PHYSICS IN DEVELOPMENT : BANGLADESH PERSPECTIVE

Invited Talks

1, Role of Physics in Development;Bangladesh perspective by M.M. Islam, USA.

The author outlined the important role that physies can play in a
country's development activities. Middle level technical manpower in computer
technology, data processing, electronics, telecommunications are in high demand.
Fields like geophysics, hydrology, require creative and skilled manpower. Both
basic and applied research keeps nations aware of new breakthroughs that may
trigger technolgical revolutions. It is also very important to appreciate the
national vitality that is reflected by the knowledge that local talents are
capable of tackling problems that challenge the best minds elsewhere. This gives

confidence to the younger generations to face challenging problems ontheir own.
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Cultivation of physics creates environment conduct ive to the development
of science and scientific culture.  These are very important in the transfer

and generation of technologies.

The author in this article critically r=views the problems, failures
and successes in achieving the roles that physics could play in Bangladesh.
The universities are suffering from the lack of funds for laboratory and library.
deterioration of academic values due to erosion of soeial values and outside
interference, failure to establish research programmes and problems af the

teaching eommunity in the country. The total output is about 200 M.Sc. per year

plus few Ph.D.'s employment opportunities in scientific fields, teaching and Iindustries

have shrunk. At present most of the physics graduates must compromise for jobs in

banks and a few jobs in the Bangladesh Atomic Epergy Commission.

It is important to appreciate the facilities and future project at BAEC
towards realizing any role that physies could play in nationsl development
activities. Dacca AEC has an old 3MeV Van de Graaff accelerator, an cutdated
IEM 1620 computer, a 500C Cu 0060 radiation source and a Medical Centre. There
are also medical centres at Chittagong and Rajshahi for diagnosing and treating
by radio isotopes and radiations. The Institute of Nuclear Agriculture at
Mymensing has. introduced two improved varieties of rice TRATOM 24 and 38.

Pilot piant at Cox's Bazar is in operation for separating heavy minerals like

zircon, rutile, ilminites from beach sands.

BAEC hes drawn up an ambitious plan for Savar Complex which when complete
would have Institutes of Nuclear Science and Technology (Rerctor), Food and
Radiation Biology, Electronics and Materials Seience, Computer Science and Nuclear
Medicine. Finding qualified persomnnel for these 5 Institutes would be difficult,
but when commissioned the Saver Complex of BAEC would play an important role in

National development.

The Bangladesh Council for Scientific and Industrial Research (BCSIR)
was created to carry on research leading to the use of indigenous materisls and
consultancy to the use of local materials by industries. BCSIR has three
laboratories, Dacca, Rajshahi and Chittagong, respectively. It is guesticnable
to see how far this organization has utilized the facilities offered by physics
in realizing their objectives. They heve patented some laboratory results,
Tut these did not attract local entrepeneurs.  BUSIR never developed intc an
institution that delivered adequate industrial services. "In R and D only R
wae done and not D.” The Fuel Research and Development Division and the Industrial
Physics Division should play vital roles in the development activities if these

are asdequately manned.
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In the conecluding sectlon of this talk Lhe author presensy tin

external problems such as:

fal Inadequate support and commitment from political leaders for
science and technology development;

{b) not encugh awareness in government planning and implementing
dgencies that @ reasonable degroe ol eochrological selt-reliance
is a prerequisite for economic development and a scientific base
is needed for that purpose;

(e} Dbureaucracy.
2. Physics - The Raw Materials for Development by F.B. Malik, USA.

The author peinted out the strong correletion between GDP and education.
Higher education is pertinent to the degree of development. He suggests

establishing in Bangladesh an Asian Institute of Technology meodelled alter MIT.

COMMENRTS AND CONCLUSIONS

Partition in 19%7 caused seriocus shortage of trained manpower in the
fields of education, secience and technology in the erstwhile East Pakistan.
Around the sixties a certain amount of activity in scienze and research could
be initiated. The Dacca Symposium showed the potentialities of Physics as a
basic science in the national development activities. However, the inputs in
science and research since the creation of Bangladesh are negligible and have
never reached the eritical point. If things are allowed to continue like this,
there is the possibility of entering inte ancther dark era for intellectual and
scientific activities that this country feced after partition. Research
activities in Physics in Bangladesh suffer from lack of group formation, leadership
and insdequate understanding with national economic activities. The present
symposium aimed at creating consensus and impress upon the planners, bureaucrats

and above all politicians the role of science and technology in socio-economic

development.
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G. ROWLANDS

Fhysics Department
University of Warwick
Coventry CVh TAL

UK

A. SJULANDER

Institute of Theoretical Physics
Chalmers University cof Technology
5-h1296 GHteborg

Sweden

* Lecturer Working Party.
** Co-Director Working Party.
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Penmark

Italy

Ttaly

Ttaly

France

Poland

Sweden



3l.

j2.

33.

35

16,

7.

Neme and Institote

Member State

G. SRINIVASAN

Raman Research Institute
Bangalore 560 080

India

R.B, STINCHCOMBE

Department of Theoretical Physies
University of Oxford

1 Keble Road

Oxford 0X2 3WP, UK

M. Sumszé

Institute of Physies of the
University

Bijenicka cesta 46

P.0. Box 30k

L1001 Zagreb, Yugoslavia

" R.A. TAHIR-KEELI

Department of Physics
Temple University
Philadelphia, PA 19122
USA

D. WEATRE

Physics Department
University College
Dublin, Ireland

J. WEXLER

Open University
Milton Keynes
UK

K.F. WOJCIECHOWSKI

Instytut Fizyki Doswiadczalne]

Uniwersytet WrocZawski im.
Boles¥awa Bleruts

ul. Cybulskiege 36

50205 Wrockaw, Poland

Indla

UK

Yugoslavia

USA

Ireland

Poland
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2.

3.

Te

Name and Ingtitute

Jember State

PARTICIPANTGS.

H. ABDEL KHALIK #  (Affiliate)
Physics Department

Suez Canal University

Ismailia

2gypt

A, ABDEL MAGLD (afriliste}
Phy:ics Department

taculiy of Jcience

sansoura University

Mansoura, pgypt

T. ABOU-sLl-NASR *
Physics Depariment
Faculty of Science
Al-Azhar University
Nasr City, Cairo

Egypt

N.M,S5, APIFT #* {iffiliate)
Department of Physics
Assiut University

Assgint, Egypt

5. AHMAD

Department of Physics
Guaid-i-Azam University
Islamabad

takistan

Za AKDENTZ #%*

Division of Thecretical and
Applied Mechanics

Faculty of usience

Technical yniversity of Istanbul

Maslak - Istanbul

arkey

M.A.  ALaAM

vepartment of rhyrics
University of the Funjab
New Campus, Lahore-20
Pakistan

T+ ALUANHAN (Affiliate)
Teorik Pizik Grum

Fen Fakiltesi

Besevler, Ankara

Turkey

* Werking Party participant.

** Alsce participated in Working Party.

- Bgypt

o

Egypt

Turkey

Pakistan

lurkey



9.

10.

11,

12,

11,

15,

Name ana Institute

siember Slate

B.L. ARORA

(Present)

Department of Physics
Asmara University
P.0. Box 1220
Asmara, kthiopia

(Permanent )

AltsD College
Dhaula Kuan

New Delhi 110021
India

ie AUA (affiliate)
Department of Physics
Faculty of Science
Mansoura University
Mansoura, kgypt

HeDe BAETA #*  (Associate)
Department of Fhysics
University of Ghana

P.0. Box 63

Legon, Accra

Chana

No. BABiR

Department of Physics
Quaid=-i-Azam University
Islamabad

Pakistan

Y.4.He BAIR (Affiliate)
Physics Depariment

Faculty of Science

Cairo University

Cairo, Egypt

P. BALLONE

International 3chool for Advanced
Studies

Strada Costiera 1l

Miramare=Grignano

3014 Trieste, [taly

R, BAQUERC (Associate)
Inatitute of Science
Univeraity of Puebla
Mexico

* Also participated in Working Party.

Ethiopia/Intia

I

Gnana

Pakistan

Lgypt

Italy

Mexico

16,

17.

13,

i9.

20.

21.

22,

BRame and Ingtitute

Member State

I, BARTOS

Pysik4lnf dstav
Ceskoslovenskd Akademie Véd
Libert na Slovance 2

180 40 Prague £
Czechoslovakia

G, BASKARAN (Aassociate)
Thecretical Physics Department
Madras University

A,C. College Buildings

Madras 600 023

India

¢, BISI

Iatituto di Fisica
dell'Universitd

Via Campi 213/A

41100 ¥odena

Italy

R. BITAR (Arfiliate)

Department of Physics
Faculty of 3cience
University of Jordan
Amman, Jordan

L. BLUM

Department of Physica
Faculty of Natural Sciences
University of Puerto Rico
Rio Piedras Campus

Box At, University Station
Zan Juan

Puerto Rico 00931, USA

A. BREZINI

Institut des Sciences Exactes
Université d'ran

QOran

Algeria

V. CAPEK

Institute of Physics
Charles University
Ke Karlova 5

Prague 2
Czechoslovakia

et e Da ML Yaim e YA aa

2n

Czechoslovekia

India

Ttaly

Jordan

USA

Algeria

Czechoalovakie



23.

24.

25.

26.

27.

28,

29.

Name and Institute

Member State

Ju.A, CARBALLOD
Departamentco de Ciencias Basicas

Universidad Autonoma Metropolitana -

Azcapotzalco
Av, San Pabla No. 180
Azcapotzalco
Mexico 16, D.F., Mexico

M,A, CARERM

Department of Physics
Faculty of Science
University of Peradeniya
Peradeniya

S5ri Lanka

3. CHATTERJEE *

Department of Physics
Indian Institute of Science
Bangalore — 560 012

India

D.K, CHATURVEDI

Faloultit fir Physik
Universit¥t Konstanz
Poatfach 5560

D-7750 Konstenz 1

Pederal Republic of Germany

N.A, CHAUIHRY

Al-Fateh University Campus
at Sebha

P.0. Box 18758

3ebha

Libya

Chun-Da GHEN

International School for Advanced
Studies

Strada Costiera 11

Miramare — Qrignano

MOM Trieste, Italy

Cman-Hong CHEN

International School for Advanced
Studies

Strada Costiera 11

Miramare ~ Orignano

34014 Trieste, Italy

* Also participated in Working Party.
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Mexica

Sri Lanka

India

Federal Republic of
Germany/India

Libya/Pakistan

People's Republic of
China

People®s Republic of
China

0.

31.

32.

35.

36.

7.

Name and Institute

Member State

P, CLARO
Facultad de Fl{sica

Pontificia Universidad Catélica de Chile

Casilla 114D
SJantiago, Chile

N. COLLINGS {Affiliate)
Physics Department

American University of Beirut
Beirut

Lebanon

B. DAGUANNO

International School for Advanced
Studies

Strada Costiera 11

Miramare = Grignano

34012 Triesie, Italy

B.P. DAS (Guest Scientist)

Department of Physics

University of California at
Riverside

California 92521

Usa

H. DICKINSON
Department of Physics
The University
Highfield
Scuthampton $S09 5NN
UK

C. DI MAURD ¥

Istituto di Fisica dell'Universita
57 Corso Italia

95129 Catania

Italy

GeS. DUBEY

International School for Advanced
Studies

Strada Cestiera 11

Miramare - Grignano

34014 Trieste, Italy

C.H. EAB

International School for Advanced
Studies

Strada Costiera 11

Miramare - Grignano

34014 Trieste, Italy

* Working Party participant,

Chile

Lebanon/ UK

Italy

USA/Intia

Italy

Iniia

Thailand



Name and Institute Member State Name and Institute Member State

38. M.S., Bi~DESSOUKI {Affiliate) Yemen/Egypt 45. A, FA3DLINO Ttaly
Physics Department International School for Advanced
Faculty of Science Studies
Sanafa University Strada Costiera 11
. Sana‘a, Yemen Miramare — Grignano
34014 Trieste, Italy
39, M.K. EL-MANSY (affiliate) Egypt
Physics Depariment 46, A, FIORENZATO Italy
Faculty of Science International School for Advanced
Zagazig University Studies
Benha, Egypt 3trada Costiera 1l

Miramare = Grignano
34014 Trieste, Italy

26. M.X, EL-MOUSLY Libya/Egypt
Department of Material Science
Faculty of Muclear Elsctronic BEngineering 47+ A, FLESZAR Poland
Al-Fateh University International School for Advanced
F.0. Box 13292 Studies
Tripoli, Libya Strada Costiera 11
Miramare = Grignano
34014 Trieste, Italy
41. 8.A, EL-WAKIL (associate) Sandi Arebis/Egypt
7.7, Junior College
P.0. Box 4341 48. G, FLORIO Itely
Riyadh, Saudi Arabia Tstituto di Fisica dell'Universitd
Via dei Verdi
98100 Messina, Italy
42. p, ENGIN Turkey
Department of Physics and
Space Sciences 49, M.X, GBCRDZOE (Associate) Ghana
Culmrove University Physics Department
P.0. Box 171 Noguchi Memorial Institute
Adana, Turkey University of Ghana
P.0. Box 25 _
Legon, Accra, Ghana
43.A, ERCELEBT (Affiliate) Turkey
Department of Physics
Middle Esat Technical University S0. H, CHASSIB (Associate) Jordan
In8nil Bulvari DBepartment of Physics
Ankara, Turkey ' Faculty of Science
University of Jordan
Amman, Jordan
44. A, ERZAN Switzerland/Turkey
(Present) 51 R
. . + 5. GHOSH Migeria/UK
Depar‘tement de Physique Théorique Federal University of Technology
Univeraitd de Genbve
CH-1211 Genive 4 P.M.B. 2373
Sl trerland Mé.kurc_h, Benue Shate
Nigeria
(Permanent )
Division of Mechanics
Faculty of acience 52+ G. GIAGUINTA ¥ Ttaly
Istanbul Technical University Tstituto di Fisica dellfUniversitd
Istanbul, Turkey 57 Corso Italia
: 95129 Catania
Ttaly
214 * Yorking Party participant.
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53

4

55

56

58

29

60

.

Internaticnal School for Advanced
Studies

Strada Costiera 11

Miramare - Grignano

34014 Trieste, Italy

V.Es CODWIN (Associate)
Department of Physica
Fourah Bay College

Mount Aureol, Freetown
Sierra Lecne

I. GOHAR (Affiliate)
Department of Physics
Faculiy of Science
Manscura University
Mansoura, Egypt

J. GORECKI

Institute of Physical Chemistry
Polish Academy of Sciences
Kasprzaka 44/52

0l-224 Warsaw

Poland

J.R. CGRANADA

Ceniro Atémico Bariloche
CNEA

8100 Bariloche
Argentina

P.J. GROUT

Theoretical Chemistry Department
University of Oxford

1 South Parks Road

Cxford OX1 3TG

UK

Name and Institute Member State
P. GIAGUINTA Ttaly
Istituto di Fisica dell Wniversith

Via dei Verdi

38100 Messina, Italy

G. COTULIANT UsA/Italy
Department of Physics

Browm University

Providence, RI 02912

USA

-Jo GLAZER Poland

Sierra Leone

Egypt

Poland

Argentina

UK

216

61

62

63

64

65

66

67

68

*

.

-

-

.

Name and Institute

_Member State

QU ZONG-QUAN

Ingtitute of Semiconductors
Chinese Academy of Sciences
Peking

People *s Republic of China

I.,A, HADITAGAPIOU
Division of Mechanics
Department of Physics
University of Athens
Panepistimiopolis
Athens 621, Greece

A.J, BAMDANT #
Department of Physics
Faculty of Science
University of Garycunis
P.0. Box 9480 :
Benghazi, libya

I.I. HANNA (Affiliate)
Department of Physics
Faculty of Science

Ain Shams University

Cairc, Egypt

D.R. AARSHMAN
TRIUVMF

4004 Wesbrook Mall
U.B,C. Campusa
Vancouver, B.C.
Canada VET 243

M.Y.M. HASSAN
Physics Department
Faculty of Science
Sangfa University
Sanata

Yemen Arab Republic

{Associate)

Z, HAZOUME {Associate)
Department of Physics
Bayerc University

Kano, Nigeria

AM. HINDELEH (Affiliate)
Department of Physics
Faculty of Science
University of Jerdan

P.0. Box 13093

Amman, Jordan

* Also participated in Working Party.

People?s Republic of
China

Greece

Libya/Pakistan

Egypt

Canada/USA

Yemen/Egypt

Migeria/Benin

Jordan



69.

70.

71.

72,

T3

14.

154

76.

Name and Institute

Member State

M.R.F. IERAHIM

Institut fir Angewandie
und Technische Phymik

Technische Universitit Wien

Karlsplatz 13

A-1040 Vienna

Mistria

P. IDDIR (Affiliate)
Department of Physics
Institute des Sciences Exactes
Université d'Cran

255 B.P. 1524 Bs=Senia
Algeria

J. IDIODI

IMO State University
P.M,B. 2000

Cwerri

Higeria

M. IDREES

Iepartment of FPhysica
Quaid-i-Azam University
Islamabad

Pakistan

K.P, JAIN

Indian Institute of Technology
New Delhi - 110 016

India

AM. JAYANNAVAR

Department of Physics

Indian Institute of Science
Bangalore 560 012

India

CeS. JAYANTHI

International Schocl for Advanced
Studies

Strada Costiera 11

Miramare —~ Orignano

34014 Trieste, Italy

JIAN PING (Affiliate)
Fudan University
Shanghai

People's Republic of China

218

Mstria/Egypt

Algeria

Nigeria

Palkistan

India

India

India

People?s Republic of
China

Tl

78,

9.

81.

8z.

83.

84,

Name and Institute

Member State

R, KAMAL

Department of Physics
Punjabi University
Patiala 147 002
India

G« KAMIENIARZ

Solid State Divigion
Institute of Physics

A. Mickiewicz University
60-T69 Poznan

Poland

0,P. KATYAL (Affiliate)
Department of Physica

Tndian Institute of Technology Kanpur
IIT Post Office

Kanpur 208016, U.P.

India

A.J, XHAN (Affiliate)
Department of Physics
Decca University
Bangladesh

D.C. KHAN {Affiliate)

Department of Physics

Indian Institute of Technology Kanpur
IIT Post Office

Kanpur 208016, U.P.

India

M,Y, KHAN

Department of Physice

Faculty of Natural Science & Technology
Jamia Millia Islamia

New Delhi 110 025

India

KM, KHANNA * {Associate}

Department of Materials Science

Naticnal Institute of Foundry
and Forge Technology

Hatia = Ranchi 834 003

India
S.U. KIM (affiliate)
Korean Physical Society
Seoul
Korea

# Also participated in Working Farty.

India

Polani

India

Bangladesh

India

India

India

Xorea
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87.

88.

9.

90.

91,

92,

Member State

T.7. KOIDADLHGV
lepartment of Physics
University of Sofia
1126 3ofia

Bulgaria

M.F., KOTKATA
Physics Department
Faculty of Science
Ain Shams University

Cairo, Egypt

J. KOUKAL

Fysikdlnf dstav
Ceskoslovensk4 Akademie Vé&d
libefl na Slovance 2

180 40 Prague 8
Czechoslovakia

V. KUMAR )
Institute for Theoretical Physica

-Freie Universitdt Berlin

Arnimallee 3
1000 Berlin 33
Pederal Republic of Germany

R, KUMARAVADIVEL
Physics Department
Jaffna University
Thirunelvely
Jaffna, Sri Lanka

{Associate)

A. LEVSTIK (Affiliate)
Institute “Jozef Stefan®
Jamova 39

P.0.B. 199 .
Ljubljana, Yugeslavia

Co-W. LUNG * (Associate)
Institute of Metal Research
Academia Sinica

Shenyang

Pecple's Republic of China

E. MAJERNTXOVA

Institute of Physics

CEFR, SAV

Slovak Academy of Sciences
81228 Bratislava
Czechoslovakia

* Also participated in Working Party.

Bulgaria

Ezypt

Czechoslovakia

Federal Republic of
Germany/India

5ri Lanka

Yugoslavia

People's Republic of

China

Czechoalovakia

B3,

3.

95.

96.

97.

98.

9%

Hame sng Instituce

Member State

C.h, MAJID ¥

Nuclear Materials Diviszien

Pakiztan Tnstitute of Wuclear
3cience and Technology

Post Office Nilore

Rawalpindi

Pakistan

N, MAJLIS

Tnstitute de Ffsica
Universidade Federal Fluminense
Caixa Postal 296

20000 Niterdi, RJ

Brazil

A.K. MATUMDAR
(Present )

Institut fUr Angewandte Kernphysik T
Kernforschungszentrum Karlsruhe CmbH

Pastfach 3640
D-7500 Karlsruhe 1
Federal Republic of Germany

(Permanent }
Physics Department

Indian Institute of Technology Kanpur

IIT Post Office
Kanpur 208016, U,P,
India

M, Do Ceu MARQUES
Departamento de Fisica
Faculdade de Ciencias
400C Porto

Portugal

A, MARVIN

Istituto di Fisica Teorica
Universitd di Trieste
Strada Costiera 11
Miramare-Grignano

3014 Trieste, Italy

B, MASSARANI (Affiliate)
Department of Physics
University of Damascus

Syria

5. MASSIDDA

Internaticnal School for Advanced
Studies

3trada Costiera 11

Miramare - Grignano

34014 Trieste, Iialy

* Algo participated in Working I rty.

Pakistan

Brazil/Argentina

Federal Republic of

Germany/Inlia

Portugsal

Ttaly

Syria

Ttaly



100.

101.

102.

103.

104.

105.

Name and Institute

Member State

M., MEDINA-NCYOLA

Departamento de Fisica

Centro de Investigacion y Estudios
Avanzados del I.P.N.

Apde. Postal 14-740

Mexico City 14, D.F.

Mexico

M.H, MOHAMED

(Present )

H.C. firsted Institute
Physical laboratory II
Copenhagen University
Universitetsparken 5
2100 Copenhagen
Demmark

(Permanent )

Somali National University
P.0., Box 15

Mogadishu, Somalia

E. MOLINARI

Istituto di Fimica dell *Universitd
Via Campi 213/

41100 Modena, Italy

N, MONTELLA

International School for Advanced
Studies

Strada Costiera 11

Miramare - Grignano

34014 Trieste, Italy

$. MUKHERJEE

FB20, WES

Freie Universit¥t Berlin
Arnimalies 3 ’

1000 Berlin 33

PFederal Republic of Germany

G. MUKHGPADHYAY {Associate)
Physics Department

Indien Institute of Technology
Powai, Bombay 400 076

India

222

Mexico

Dermark/Somalia

Ttaly

Ttaly

India

India

106,

107.

108,

105.

110.

111.

112,

113.

Name and Tnatitute

Member State

M. NAGY

Institute of Physics
3lovak Academy of Sciences
Dibravskd cesta

£99 30 Bratislava
Czechoslovakia

L H, HNAYYAR

Physics Department
Guaidwi-Aram University
Islamabad

Pakistan

J.S. NKDMA {Associate)
Physica Depariment

Univeraity College of Botswana
Private Bag 0022

Gaborone

Botawana

A. NOBILE

International School for Advanced
Studies

Strada Costiera 11

Miramare -~ Grignano

34014 Trieste, ITtaly

A, NOGUERA

Deptc. de Ffsica
Universidad de los Andes
Mérida

Venezuela

F.Ts ODURO

Department of Mathematics

University of Science and Technology
Kamagi

Ghana

G. PAGSTCRE

International School for Advanced
Studies

Strada Cestiera 11

Miramare -~ Grignano

34014 Trieste, Italy

K.N, PATHAK
Department of Physics
Panjab University
Chandigarh 160 014
India

Czechoslovakia

Pakistan

Botawana/Tanzania

Italy

Venezuela

Ghana

Tialy

India



114,

117,

119.

120,

Name and Institute

Member State

C. PENNETTA

Internaticnal School for Advanced
Studies

Strada Costiera 11

Miramare - Grignano

32011 Trieste, Italy

Z. PENZAR

Institute of Physics
P.0. Box 304

41001 Zagreb
Yugoslavia

5.M. PIETRUSZKD

Technical University of Warsaw
Institute of Electron Technolegy
Koszykowa 79

00662 Warsaw

Poland

P. PRELCVSEK

Department of Physics
Institute "Jozef Stefan”
Jamova 39

P,0.B. 199

Ljubljana, Yugoslavia

R. PUCCI

Istitute di Fisica dell'Universithd
57 Corso Italia

55129 Catania

Ttaly

T. RADHAKRISHNAN

{Present)

IFK, JUlich GmbH

D-5170 Jillich

Federal Republic of Germany

(Permanent }

Reactors Research Centre
Kalpakkam 603102

India

3.M.M. RAHMAN
Department of Physics
University of Dacca
Dacca~2

Bangladesh

Italy

Yugoslavia

Poland

Yugoslavia

Ttaly

Federzl Republic of
Germany/Indis.

Bangladesh

121.

122.

123,

124,

125.

126,

127.

128,

Name and Institute

Member State

B.I. RAMIREZ

Physics Depariment
University of ihe Philippines
Quezon City

Philippines

A, RIAD YACOUB
Faculty of Engineering
Ain-Shams University

Cairo, BEzypt

H.E, ROMAN

International Schoel for Advanced
Studies

Strada Costiera 11

Miramare - (rignano

34014 Trieste, Italy

M. ROVERE

International Scheol for Advanced
Studies

Strada Costiera 11

Miramare — Grignano

34014 Trieste, Italy

U.A, SACLI

Department of Physics {83)
Universitiy of Hacettepe
Ankara

Turkey

A, SADIQ
Institut fir Pestk¥rperforschung

der Kernforschungsanlage Jilich GmbH

Pogtfach 1911
D-5170 Jiflich
Federal Nepublic of Germany

M, SACLAM (affiliate)
Tecrik Fizik Grubu

Fen Fakllltesi

Besevler, Ankara

Turkey

J. SANCHEZ-DEHESA

Departamento de Fisica del
Estado Solido

Facultad de Ciencias, C-XII, €

Universidad Autdnoma de Madrid

Canto Blance, Madrid 34

Spain

225

Philippines

Egypt

Argentina

Italy

Turkey

Federal Republic of
Gennany/Paki stan

Tarkey

Spain



Name and Institute Mepber State

Name and Institute Member State
129, C.M. SAYERS UK . .
Materials Physics Division 136. Yo SINGH India

Atomic Energy Research Establishment Department of Physics

. Banaras Hindu University
t};;rwell, Cmon Varanasi -~ 221 005
India
130. 5. SELZER-MAJLIS Brazil/Argentina
Instituto de Fisica 137. Ted. SLUCKIN UK

Faculty of Maihematical Studies
University of Southampion
Southampton 309 SNH

Universidade PFederal Fluminense
Caixa Postal 296
24000 Niterdi, RJ

Brazil b
. D.M, SOUMPASIS Federal Republic of
131. G. SENATORE ) Italy 138 FB2O, WES Germany/Greece
Istituto di Fisica Teorica Freie Mmiversit¥t Berlin
dell fUniversitd Arnimallee 3
Strada Costiera 11 1000 Berlin 33
Wi ramare-3ri gnano

31014 Trieste, Italy Federal Republic of Germany

M. STESLICKA Poland
Institute of Experimental Physics

Gybulskiego 36

50=-205 Wrocla.w

132, B.K. SHARMA India 139.
Department of Physics
University of Rajasthan

Jaipur
India Poland
~Y. SHEN . 140, 4« TAGLIACOZZO Ttaly
133 %;mzi..tu‘te of Physics Pegﬂ.e 's Republic of Istituto di Fisica Tecrica
Academia sfmj_cay na Mostra d*0liremare, Pad. 19
Beijing 80125 Napoli, Italy

People 'z Republic of China

134, P. SHUKIA India
Department of Physics
North-Eastern Hill University
Shillong 793 003

141. N. TERZI Italy
) Istituto di Scienze Fisiche

Gruppo Selidi

Universiti dezpli Studi di Milano

India Via Celoria 16
20133 Milano, Italy
135, M. SINCH Canada/India
(Present )} 142, 3.P. TEWARL * India
Service des Champs Magnétiques Intenses Department of Physics and Astrophysics
T.N.S.A. University of Delhi
Av. de Rangueil Delhi 110 Q07
31077 Toulouse Cedex India
France
(Permanent )

143. M. TOMAK * ’ Turkey
Department of FPhysics
Middle East Technical University
Ankara, Turkey

Department of Fhysics
MeGill University
3600 University Street
Montreal, Canada

* Also participated in Working Party.

226 227



Hae snd Institute

Member State

144, B, I, UAIHOV (Affitiate)
Institute of Solid State Physics
Bulgarian Academy of Sciences
Sofia
Bulgaria

145, I. VILFAN
Institute "Jozef Stefan"
Jamova 39
P.0. Box 199
61001 Ljubljana
Yugoslavia

116, R.E, WASSEF *
Depariment of Physics
Faculty of Science
University of Cairo

Cairo, Egypt

147. M. WEISSMANN {Assaciate)
Departamento de Fisica
C.N.E A,

Av. libertador 8250
1229 Buenos Aires
Argentina

148.J. WLASAK
Institute of Physica
Wrocfaw Technical University
Wmc,faw 50-370
Poland

149, K. ¥, WOJCIECHOWSKI
Institute of Molecular Physics
Polish Academy of Sciences
Snoluchowski ego 1’,’/19
60-179 Poznad
Poland

150, Lianyue XIONG * (Affiliate)
Institute of Solid State Physics
Heifei
People's Republic of China

151, J. YEOMANS
Department of Physiecs
The University
Southampton 309 SNH
UK

* Also participated in Working Party.

-~

Bulgaria

Tugoslavia

Egypt

Argentina

Poland

Poland

People's Republic of
China

154.

156,

157.

Name and Institute

Member State

N. Yusuw (Affiliate)
Department of Physics
Yarticuk University

Irbid

Jordan

B, ZEKS

Institute "Jozef Stefan"
P.0, Box 199

61001 Ljubl jana
Yugeslavia

We-3. ZHAN (Affiliate)
Institute of Physics
Chinese Academy of Sciences
Beijing

Pecple *s Republic of Chins

Yoe~Z. ZHU (Affiliate)
Institute of Physics
Chinese Academy of Sciences
Beijing

People's Republic of China

J. ZIELINSKI
Institute of Physics
Silesian University
Uniwersytecka 4
40-00T7 Katowice
Poland

E, ZIPPER

Institute of Physics
Jagelloni an University
Reymonta 4

30-059 Krakow

Poland
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Jordan

Yugoslavia

People's Republic of
China

Pecplets Republic of
China

Poland

Poland



INTERNATIONAL ATOMTITIO ENEHRGY AGENOY

ONITED NATIONS EDUCATIONAL, SCTENTI¥FIO AND CULTURAL OHGANIZATION Name and Institute Member State
INTERNATIONAL CENTRE FOR THRORETICAL PH YSICS DIRECTORS
84100 TRIESTE (ITALY) - P.O B. 86 - MIRAMARFE - ETRADA COSTIRRA 11 - TELEPHONES: 224281/2/3/4/5 0
CABLE: CENTRATOM » TRLEX 460392-1
1. J. EELLS U.K./U.5.A.

Mathematics Institute
University of Warwick
Coventry CV4 7AL
Warks

U.K.

2. M.S. NARASIMHAN India
School of Mathematics
Tata Institute of Fundamental Research
Homi Bhabha Road
Bombay 400 005
India
SUMMER WORKSHOP

ON

FIBRE BUNDLES AND GEOMETRY

{5 - 30 July 1982)

FINAL L IST CF VISITORS
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Name and Institute

Member State

LECTURER 5

1. F. BURSTALL
Mathematics Institute
University of Warwick
Coventry Cva 7al
Warks
U.K.

2. D. HUSEMOLLER
Department of Mathematics
Haverford College
Haverford, Pa. 19041
U.5.4.

3. J.~M. LEMAIRE
Institut de Mathématiques et
Sciences Physique
Universzité de Nice
Parc Valrose
06034 Nice Cedex
France

4, LI TA-TSIEN
Department of Mathematics
Fudan University
Shanghai
People's Republic of China

5. P.X. MITTER
Department of Mathematics
University of Paris VI
Paris
France

6. S. RAMANAN
School of Mathematics
Tata Institute of Fundamental Research
Homi Bhabha Road
Bombay 400 005
India

232

U.K.

U.8.4A.

France

China

France/India

India

Name and Institute

Member State

R. STORA

Theory Division
CERN

CH 1211 Geneva 23
Switzerland

233

CERN/ Prance



Rame and Institute

Member State

PARTICIPANTS.

1.

J. ALCANTARA

Faculty of Mathematics
The Open University
Walton Hall

Milton Keynes, MK7 GAA
LK.

5.T. ALI

(Present)

Institut f. Theoretische Physik
Tech. Universitat Clausthal
D-3392 Clausthal Zellerfeld
Federal Republic of Germany

F. ANDRIETTI

Istituto di Fisiologia Generale e di
Chimica Biologica

Universita di Milano

Via Mangiagalli 32

20133 Milano, Italy

B. BASIT

Department of Mathematics
Faculty of Science
University of Cairo
Cairo

Egypt

V. BERZI

Istituto di Scienze Fisiche
Universitd degli Studi

Via Celoria 16

20133 Milano, Italy

H.N. BHATTARAI

Department of Mathematics
Tribhuvan University
Kirtipur, Xathmandu
Nepal

234

U.K./Peru

F.R.G/Bangladesh

Italy

Egypt

Ttaly

Nepal

Name

and Institute

Member State

10.

11.

2.

F. BIEN

Department of Mathematics
University of Brussels

%0 Avenue Franklin Rooselvelt
1050 Brussels

Belgium

P.J.M, BONGAARTS

Institut Lorentz

Voor Theoretische Natuurkunde
Nieuwsteeg 18

2311 SB Leiden

The Netherlands

M. BORGES

Istituto di Fisica Tecrica
Universitd di Torino

Corso Massimo d'Azeglio 46
10125 Torino, Italy

M. BREITENECKER

Institute for Theoretical Physics
University of Vienna
Boltzmanngasse 5

A-1090 Vienna

Austria

W. BRUCKMAN

Departemento de Fisica

Colegio Universitario de Humacao
P.0Q. Box 10136

C.U.H. Station

Humacao

Puertc Rico

U.5.A.

R, CALVANI

Centro Studi e Laboratori
Telecommunicazioni SpA
Casella Postale 14%
10100 Torino, Italy

235

Belgium

Netherlands

Italy/Brazil

Austria

U.S.A.

Italy



Naine

and Institute

Member State

13.

4.

15,

16.

17.

18.

19.

F. CANTRIJN

Institute of Theoretical Mechanics
Rijksuniversiteit Gemt (RUG)
Krijgslan 281-59

B-9000 Gent

Belgium

J.F, CARINENA

Departementc de Fisica Teorica
Facultad de Ciencias
Universidad de Zaragoza

Spain

F.J. CARRERAS

Departemento de Geometria y Topolegia

Facultad de Matematicas
Burjasot (Valencia)
Spain

R. CATENACCI

Istitute di Fisica Teorica
Universitda di Pavia

Pavia, Italy

W. CEGLA

Institute of Theoretical Physics
University of Wroclaw

50-205 Wroclaw

Cybulskiego 36

Poland

M. CONCEICAD CARVALHO

Centro de Fisica Nuclear das
Universidades de Lisboa

Av. Gama Pinto 2

1699 Lisboa Cedex

Portugal

J.P. CONSTANTOPOULOS
Department of Physics

Division of Mechanics, University of Athens

Panepistimiopolis
Athens 621
Greece

Name and Institute

Member State

Belgium

20,

Spain 1.

Spain

22.

Italy

23,

Poland

24.

Portugal

25,

Greece

J.A. DE AZCARRAGA

Departamento de Fisica Teorica
Facultad de Ciencias Fisicas
Universidad de Valencia
Burjasot, Valencia

Spain

N.I.Q. DE PRQVIDENCIA

Departamento de Matematica
Faculdade -de Ciencias e Tecnologia
Universidade de Coimbra

Coimbra

Portugal

K. EL HADI

Department of Mathematics
College of Science

King Saud University
Riyadh

Saudi Arabia

S.A. ELSANQUSI
School of Mathematical Sciences
University of Khartoum

P.0.B. 321
Khartoum
Sudan

M.A, EL-SAYED

Department of Mathematics
Faculty of Science

Cairo University

Giza, Cairo

Egypt

A. ERIS

Department of Physics

Middle East Technical University
Inono, Ankara

Turkey
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Spain

Portugal

Seudi Arabia/Sudan

Sudan

Egypt

Turkey



Name and Institute

Member State

Memher State Name and Institute

26. M.Z. FERREIRA MENESES Portugal 33, HU HESHENG China
Faculdade de Ciencias Department of Mathematics
Av 24 de Julho 134 Fudan University
1300 Lisboa Shanghai
Portugal People's Republic of China

27. U.A. GEHRINGER F.R. Germany 34, C.M. HUSSAIN Pakistan
Institute for Theoretical Physics Department of Mathematics
Leibniestrasse 10 Quaid-i-Azam University
3392 Clausthal Islamabad
Federal Republic of Germany Pakistan

28, A. GIANSANTI Italy 35. E.M. IBRAHIM Egypt
Istituto di Fisica Department of Mathematics
Universitd degli Studi Faculty of Engineering
Piazzfale Aldo Moro 2 Abasia, Cairo
00185 Rome, Italy Egypt

29. GU CHAQHAQ ] China 36.  A. ISAR Romania

" Department of Mathematics Department of Theoretical Physics
Fudan University Central Institute for Physics
Shanghai P.0O. Box MG 6
Pecple's Republic of China Magurele, Bucharest

Romania

30. M. GURSES Turkey
Department of Physics 37. L. JACOBSEN U.K./Denmark
Middle East Technical University Institute of Mathematics
Inonu Bulvari, Ankara University of Warwick
Turkey Coventry CV4 7AL

U.K.

31. A. HAMOUI Kuwait/Syria .
Department of Mathematics 38. M. JACQUES Belgium
University of Kuwait Institut de Physique Théorique
Kuwait Université Catholigue de Louvain

Chem du Cyeclotron 2
1348 Louvain-La-Neuve

32. J.L. HANQUIN Belgium Belgium
Institut d'Astrophysique
Université de Liage
Avenue de Cointe 5 a9, E. JASON Belgium
B-4200 Ceointe-Ougrée Université Libre de Brussels
Belgium Brussels

Belgium
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Nama and Institute

Member State

Name and Irstitute

Member State

40.

41.

42,

o
w

A. KAKAS
The Blackett Laboratory

U.K.

Imperial College of Science and Technology

Prince Consort Road
London SW7 2BZ
U.K,

R. KALLENBORN
Mathematischea Inatitut
Universitat des Saarlandes
D-6600 Saarbrucken

Federal Republic of Germany

K. KAMIMURA
I.N.F.N,
Florence, Italy

B. KAPPEN

Institute for Theoretical Physics

University of Groningen
P.0. Box BOQ

S70C AV Groningen

The Netherlands

W, KETL

Institute for Theoretical Physics

.*ibniestrasse 10
3392 Clausthal

Foderal Republic of Germany

.. KENNEDY

Department of Mathematical Physics

University College
Nelfield, Dublin 4

‘reland

A.%. KHALIFA

Dopartment of Mathematics
©-sulty of Science

f.iro University

“iza, Cairo

“oypt

F.R. Germany

Italy/Japan

Netherlands

F.R. Germany

Ireland

Egypt
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47,

48,

49,

50.

51.

&2.

53.

5. KHEMANGKORN

Department of -Mathematics
Faculty of Bcience
Ramkamhaeng University
Ramkamhaeng Road
Banggapi, Bangkck 24
Thailand

. LAANAIT
Faculté des Sciences
Rabat
Morocco

M. LAMANE

Département de Physique
Faculté des Sciences
Université Mohammed V
Avenue Ibn Batota

Rabat

Morocco

R.A. LEOQ

Istituto di Fisica
Facoltad di Scienze
Universita degli Studi
Via Arnesanc

73100 Lecce, Italy

G. LEONTARIS

Department of Mathematics
University of loannina
Icannina

Greece

A. LEVSTIK

Institute Jozef Stefan
Jamova 39

61001 Ljubljana
Yugoslavia

LI DELANG

Department of Mathematics
Sichuan University
Chengdu, Sichuan Province

Peanleta Rarmuihlic Af Mhina

Thailand

Morocco

Morocco

Italy

Greece

Yugoslavia

China



Neme and Institute

Member State

55.

56.

57.

59.

60,

R, LOK

Department of Mathematics
Cartmal Colleée

University of Lancaster
Bailrigg, Lancaster LAl 4YL
U.X.

A. MACHADO

Faculdade de Ciencias Matematica
Av 24 de Juhlo 134

1300 Lisboa

Portugal

A.K. MAISON

Department of Mathematics
University of Ghana

P.0O. Box 62

Legon

Ghana

S.H. MAKARIOUS

Applied Mathematics Department
Faculty of Science

Ain Shams University

Abassia, Cairo

Egypt

J. MARANON

Leboratorio di Fisice Teorica
Universidad Nacional de La Plata
C.C. No. 67

1900 La Plata

Argentina

A.R,5.J. MARLOW
Physics Department
Loyola University

New Orleans, LA 70118

0.5.4.

M.D, MARZOUK

pepartment of Mathematics
University of Dcha

P.0.B. 2713

Nnha

Portugal

Ghana

Egypt

Argentina

U.5.A.

Qatar/Egypt

Name and Institute

Member State

61.

62.

63.

64.

65.

66.

N. MESTRANO

Department of Mathematics
University of Nice

Av. Valrose

06034 Nice Cedex

France

E. MEZZETTI

Istituto di Matematica
UIniversitd di Trieste
Trieste, Italy

N. MOHAMMED

Faculty of Mathematics
Moscow State University
117234 Moscow

U.S.3.R.

M.S. MORSY

Department of Mathematics
Ain Shams University
Cairo

Egypt

V. MUDRINSKI

Institute of Mathematics
University of Novi Sad
P.0.B. 224

Novi Sad 21000
Yugoslavia

J. NZOTUNGICIPAYE

{present)

Institut de Physique Theorique
Université Catholique de Louwvain
Chem du Cyclotron 2

B~1348 Louvain-La~Neuve

Belgium

(permanent) ’

Faculté des Sciences
Université de Bujumbua
B.P. 2700

Buruntgi

243

France

Italy

U.S.%.R,/Pakistan

Egypt

Yugoslavia

Belgium/Burundi



Kame and Tnstitute

Member State

Name and Institute

67,

68.

69.

70.

71.

72.

73.

F.T. ODURO

Department of Mathematics

University of Science and Technology
Kumasi

Ghana

G. PANTIS

Department of Physics
University of Ioannina
Ioannina

Greece

L.C. PAPALGCUCAS
Mathematical Institute
University of Athens
57 Solonos Street
Athens 143

Greece

M. PAPATRIANTAFILLOU
Institute of Mathematics
University of Athens

57 Solenos Street

Athens 143

Greece

N. PAVEL

Department of Mathematics
University of Iasi

Tasi

Romania

R. PERCACCI
SISsA
Trieste, Italy

J. PFALZGRAF

Mathematisches Instiiut
Universitat des Saarlandes
D-6600 Saarhbrucken

Federal Republic of Germany
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Ghana

74,
Greece
Greece

75.
Greece

76.
Romania

77,
Italy

78.

F.R. Germany

5. POORNIMA India
lpresent)

Mathématique, Batiment 425

Faculté des Sciences

Centre d'QOrsay

Université de Paris-Sud

Orsay Cedex 91405

France

(permanent)

Department of Applied Mathematics
Indian Institute of Science
Bangalore 550012

India

A, POSIEWRIKX Poland
Instytut Fizyki

Uniwersytet Gdansk

ul. Wita Stwosza 57

80-592 Gdansk

Poland

R. PURICE Romania
Department of Theoretical Physics

Central Institute for Physics

P.0O. Box MG6

Magurele - Bucaresti

Romania

M. PUTINAR

Department of Mathematics

National Institute for Scientific and
Technical Creation

Bdul Pacili 220

79622 Bucharest

Romania

Romania

J. PYKACZ

Instytut Fizyki
Uniwersytet Gdanski
ul. Wita Stwosza B7
BO-952 Gdansk
Poland

Peland
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Member State



Nume and Institute

Member State

79.

80.

81,

B2,

83.

84.

85.

P. RACZKA

Physics Department
University of Warsaw
ul. Hoza 69

Warsaw

Poland

G. RAMOS

Departamento Académico de Flsica
Universidad Nacional de Ingenieria
Apartado 1301

Lima

Peru

S. RANDJBAR-DAEMI
ICTP
Trieste, Italy

H. RANG

Institute of Theoretical Physics
University of Stockholm
Vanadisvagen 8

5-11346 Stockhalm

Sweden

C. RUBANO

Istituto di Fisica Teorica
Universitd di Napoli
Mostra d'Qltremare

Pad. 19

80125 Napoli, Italy

A.A. SABIR

Department of Mathematics & Statistics
University of Agriculture

Faisalabad

Pakistan

J. SAMUEL

Department of Physics
Indian Institute of Science
Bangalore 560 012

India

246

Poland

Peru

Italy/Iran

Sweden

Italy

Pakistan

India

Name and Institute

Member State

86.

87.

as.

89.

90.

E. SARIDAKIS
Department of Physics
Division of Mechanics
University of Athens
Panepistiniopolis
Athens 621

Greece

J.M. SELIC

Department of Applied Mathematics &
Theoretical Physics

University of Liverpcol

P.0. Box 147

Liverpocl L&9 3BX

UK,

J. SHABANI

{present}

Institut de Physique Theorique
Université Catholique de Louvain
Chem du Cyclotron 2

B-1348 Louvain-la-Neuve

Belgium

{ permanent}
Université du Burundi
B.P. 2700

Bujumbura

Burundi

0.P. SINGH

Department of Mathematics
Aligarh Muslim University
Aligarh 2020001

India

L. SOLOMBRINO
Istituto di Fisica
Facoltd di Scienze
Universitd degli Studi
Via Arnesano-

73100 Lecce, Italy

Greece

Belgium/Burundi

India

Italy

247



Name and Institute

Hember State

91,

92,

94.

95.

96.

V. SOUCEK

{present)

Istituto di Geometria
Universita degli Studi
Piazza di Porta S, Donato 5
Bologna, Italy

{permanent)

Department Math. Analysis
Charles University
Sokolovska 83

18600 Prague
Czechoslovakia

C.E, TORRECHANTE

Mathematical Science Division
Philippine Atomic Energy Commission
Don‘Mariano Marcos Avenue

Quezon City

Philippines

G.F. TSAGAS

Schocl of Technology
University of Thessaloniki
Thessaloniki

Greece

D. TSOUBELIS
Department of Physics
University of Joannina
Ioannina

Greece

R. VAIA

Iastituto di Fisica Teoriea

Dipartimento di Fisica del
Libera Universita

Pove {Trento}, Ttaly

E. VAN DER SPUY
Physics Division
Atomic Energy Board
Private Bag X256
Pretoria 0001

South Africa

248

italy/Czechoslovakia

Philippines

Greece

Greece

Italy

South Africa

Bame and Institute

Member State

27,

98.

99,

100.

101,

102,

103,

M.ALJ. VAN

Institut de Physique Théorique
Université Catholique de Louvain

Chem du Cy
B8-1348 Lou
Belgium

W. VAN WES

Department of Mathematics
Université Libre de Brussels

Brussels
Belgium

E. VASSILI
Mathematic
University
57 Solonas
Athens 143
Greece

G. VIGNA S
Istitute d

DYCH

clotreon 2
vain-la-Neuve

ENBEECK

oy

al Institute
of Athens
Street

URIA
i Geometria

Universita 4i Torino

Via Princi
Torino, 1t

pe Amedeo 8
aly

R. VILLANOVA

Istituto d
Universiti
Via Celori
20133 Mila

J. WETGL
Technical
Karlsplatz
Vienna
Austria

G.G. WEILL

Pelytechnic Institute of New York

i Figica
di Milano
a 16

no, Italy

University

333 Jay Street

Brooklyn,
U.S.A.

New Yerk 11201
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Belgium

Belgium

Greece

Italy

Italy

Austria

U.5.A./France



Name and Institute

Member State

104.

106.

106.

107.

P. WILLTAMS

Department of Mathematics
Lancaster University
Bailrigg, Lancaster

U.K.

M.S. YASIN

Department of Mathematics
Faculty of Science
University of Damascus
Damascus

Syria

C.E. ZENSES

Department of Theoretical Physics

University of Thessaloniki
Thessaloniki
Greece

P. ZIZZI
Department of Mathematics

University of London King's College

Strand, London WC2R 2L8
U.K.
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U.K.

Syria

Greece/France

U.K./Italy

)

=]
-,

1_

UNITED NATIONS BELUCATIONAL, SCIENTIFIO AND COLTURAL ORGANIZATION

g h“ IHTERN.&TIONAL ATOMIO ENEROGY AGENCY
NP
LY L

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

84100 TRIKSTE (1TALY) - P.O. B. (83 - MT HAMARFE - STRADA COSTIERA 11 - TELRPHONES: 224281/%(3i4158
CABLY: CENXTRATOM - TELEX AG0302-

AUTUMN COURSE ON GEOMAGNETISM, THE IONOSPHERE AND MAGNETOSPHERE

(21 Sepiember - 12 Hovember 1562)

FINAL LIST OF VIS ITORS

{including present scientific interest of
participants)
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Nane and Trutifube

Lember Stats

Haime and Irstituioe

ASHQOUR, A.A,

Department of Wathematics
Faculty of Science
Universily of Cairo

Giza, Cairc

Egypt

BEYNON, Sir Cranville
Department of Physics
University College of Wales
Aberysiwyth

Wales

UK.

COOK, A.H.

Cavendish Laboratory
University of Cambridge
Madingley Road
Cambridge, CB3 OHF
U.K.

MARUSSI, A,

Istituto di Geodesia e Geofisica
Via dell'Universita 7

34100 Trieste

Italy

MITRA, A,P.

National Physical Laboratory
Hillside Road

New Delhi - 110 012

India :

252

Egypt

U.K,

Italy

India

BUNDEN, K.G. U.K.
Cavendish Laboratory

University of Cambridge

Madingley Road

Cambridge, CB3 OHE

U.K.

DAVIES, K. U.5.4.
Space Environment Laboratery
National Oceanic and Atmospheric
Administration
125 Broadway
Boulder, Colorado 80303
U.S.A.

DOBROWOLNY, M. Ttaly
Istituto Fisica Spazio Interplanetario

C.N.R.

C.P. 27

00044 Frascati

(Roma)

ITtaly

GENDRIN, R. France
CNET/CRPE

92131 Issy-les—-Moulineaux

France

EILE, R, UV.K.
Geophysical Fluid Dynamics Laboratory

(MET 021}

Meteorclogical Office

Bracknell

Berks. RG12 252

U.K.

MALIN, 8. U.K.
Geomagnetism Unit

Institute of Geological Sciences

Murchison House

West Mains Road

Bdinturgh BH9 3LA

Scotland

U.X.

MARTANT, F. Italy
Istituto di Fisica

Universith degli Studi

Piazzale Aldo lMoro 2

00185 Roma

Ttalve PRy




Vame and Inoiitate

Member State

Name an Tuctituaie

McEWAN, N.J.

school of nlectrical & Electrenic
Engineering )

University of Bradford

Bradford ED7 lDP

Wast Yorkshire

UK.

RADICELLA, S.
PRONARP

CAERCEM

Julian Alvercz 1218
1414 Buenos Aires
Argentina

REIDY, B.M.

National Physical Labsratory
Hillside Road

New Delhi - 110 Q)2

India

RISHBETH, H,

Rutherford Appleton Laboratory
Chiltorn

Didecot 0X11 OQX

U.K.

ROIDERER, J.G.
Geophysical Institute
University of Alaska
C.T. Elvey Building

903 Koyukuk Avenue North
Fairbanks, hlaska 99701
U.5.A.

SKINNER, N.J. {Resident Director)
{until 31.12.1932)

Department of Physics .
University of the Souih Pacific
Laucala Bay

P.0. Box 1168

Suva

i

(after 1.1.,1983)

Department of Physics
University College

Private Mail Bag 0022

Ceborone :

Botswana

‘Africa

254

UuKe

Argentina

India

U.K.

U.S.4,

Fiji/u.K.

Memheyr State

WALKER, AJDW0 South Africa

Department of Physics
University of Natal
King Ceorge V Avenue
Durban

Natal 40C1

South Africa

255



l'

2.

3.

Se

Name and Institute Nomber State

ADJEPONG, S.K.

Sehool of Physical Sciences
University of Port Harcourt
Port Harcourt

P.M.B, 5123

Nigeria

(Study of very-low-frequency {VLF) phenomena
in the magnetosphere, 3iudy of rate of
ocourrerce of local lightning discharges)

AGARWAL, AKX, India
Indian Tnstitute of Geomagnetism

Colaba

Bombay 400 Q05

India

(Numerical modelling of electrical conductivity
structures. Effect of interplanetary magnetic
field on ground magnetic variations)

AGOPYAN, H. Turkey
Jeofizik Mihendisligi

Yerbilimleri PakWUltesi

Istanbul niversitesi

Bayazit

Istanbul

Turkey

AHDSE, M., Togo
Institut National de la Recherche
Scientifigue
B,P. 2240
Lome
Togo

ALKATIRI, M.A, Indonesia
Department eof Ceophysics & Meteorology

Institut Teknologi Bandung

Jl. Ganeca 10

Bandung

Indonesiz

AL~NAJIM, F.A.L,. Iragq
Depariment of Physics

Collerme of Education

Baghdad University

Baghdau

irag

(Severe ricteorological phenomena, e,.g. heat
waves, dunt ond thunderstorms, and ponsible
oxtratropncpiorie Causos)

256

Nigeria/Chana

Name and Institute

Member State

ANDRTAMATEFATIANANA, Al

Minist2re de It'Industrie et du Commerce
Direction des Mines et de l'Energie
Service des Mines et de la Géologie
Tananarive

Madagascar

{Geomagnetism, gravity, seismic, resistivity

for the geophysical surveys for mineral
exploration)

AQUINC, E.M,

Philippine Atmespheric, Geophysical and
Astronomical Services Administration

1424 Quezon Avenue

Quezon City

Philippines

ARAFIN, S,

School of Physics
Universiti Sains Walaysia
Minden

Pulau Penang

Malaysia

(Construction of a total field fluxgate
magnetometer. Mathemalical models for
ihe representation of the geomagnetic
field)

BAISA, A,

Qeophysical Observatory
Addis Ababa University
Box 1176

Addis Ababa

Ethiopia

BALCIOGLU, O.

Gecphysical Department
Faculty of Harth Sciences
University of Istanbul
Bayazit

Istanbul

Turkey

{Gecmagnetism and Tonosphere)

BARAL, K.N,
Department of Physics
Amrit Campus
Lainchour

Kathmandu

Hepal

(AMtmospheric eleotricity)

Madagascar

Philippines

Malaysia/Bangladesh

Ethiopia

Turkey

Nepal



13.

14.

15.

16.

17«

18.

Name and Institute

Member State

BARBARA, A.K.
Department of Physics
Cavhati University
guwahati = 781 014
India

{Fundamental studies of magnetosphere
and ionosphere and troposphere by ionosonde
and satellite radio bescon)

BHATTACHARYYA, A.

Indian Instituie of Gecmagnetism
Colaba

Bombay — 40C GO

India .
(Geomagnetic variations due to equatorial
electrojet. Study of eguatorial ionosphere
using ionospheric gcintillations)

BICSKEI, T.
Geomagmetski Instifutb
11306 Grocka
Yugoslavia

(S.V. of geomagnetic field. Numerical
methods of prediction for the state of
ionosphere)

BUKHARI, A.H.S.

Institute of Physics and Technology
University of Sind

Jemshoro

Pakistan

BUSTAHANTE, &.G.

Department of Physics & Mathematics
Universidad Nacional Tecnica del Callao
Apartado 138

Colina 310

Callaoc 02

Peru

{New mathematics models in this field
to apply to new research work)

CASTANCN-GOMEZ, Wa

Department of Genphysics
Universidad laysr dc San Andres
Plaza del Obelisce

P.0. Box 5368

La Paz

Bolivia
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India 19.

20.
India
Yugoslavia 21,
Pakistan

22,
Peru

23.
Bolivia

Rame and Institute Momber State

CHAIMCNGKOL, C. . Thailand
Department of Physics

Srinakharinwirot University

Prasarnmitir

Bangkok

Thailand

{Physical properties of ionosphers)

CHARGOY ESPINOLA, L.D. Mexico

Instituto de Geofisica
Circuito Exterior

Ciudad Universitaria, UNAM
04510 Mexizo, D.F.

Mexico

(Mathematical modelling of the main geomagnetic
fisld, study of periodic components of secular
variaiion) )

CEOUDHURY, AJM. (Associate) Bangladesh
Bangladesh Space Research and Remote
Sensing Organization (SPARRSC)
Agargaon, Sher—e-Bangla Nager
¢.P.,0, Box No. 529
Dhaka
Bangladesh
{Atmospheric physice and solar ierrestrial
physics) :
DAS, I.M.L. India
Department ¢f Physics
Banaras Hindu University
Varanasi - 221 005
India
(Ionospheric and magnetospheric physics.
Jovian ionocsphere and magnetosphere)
DE PAULA, E.R. Brazil
Instituto de Pesquisas Espaciais
C.P. 515 .
12 200 Sao José dos Campos — S.P.
Brazil
(Fnregion response to magpnetic storms. HF radio

propagation in ionosphere. Ionospheric models
using computers. CCIR predictions.)
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24.

26.

27,

28.

Kame and Tastitute : Momhar Stato

mwzcIT, Z.
Department of Geophyoies 29+
Faculty of Zarth Sciences

University of Istanbul

Istanbul

Turkey

{Moderate deep conductivity of the certh.
Eleciromagnetic induciion, Tectonomagnetism.)

EL-HADJ TTDJANI, M, Benin
Faculté des Sciences et Techniques

Université Nationale du Bénin

B,P, 526

Cotonou

Rép. Pop. du Bénin

{(Plasma and Geophysics)

EMANLE, F.T. 0+

Applied Physics Department
University of Technclopgy
P.0. Box 793

Lae

Papua New Guinea

Papua New (Guinea

(bt values of earthquzkes in P.N.d. ares) 3.

ESHUN-DADZIE, P.

Schocol of Phyzical Sciences
University of Pord Harcourt
Port Harcourt

Rivers State

Nigeria

Nigeria/Ghana

(Structure and properties of permanent magnets.
Effects of terrestrial magnetic and electric 32,
fields on soil fertility.)

FERNAYDEZ, W,

School of Physics
University of Costa Rica
San José .
Costa Rica 33.

Costa Rica

(Severe convective storms,
upper atmosphere.)

Physics of the

Namz and Tnotifate Menber State

MUBARA, Dl Higeria

(Present) .

Institute for Ilood, Erosion, Reclamailon
and Transportation

Univorsity of Scicnce and Techaology

P.J1.3. 5030

Port Harcour:

Wigeria

(Permanent)

Department of Surveying and Geodesy

University of Nigeria

Enugn

Nigeria

(Geodesy and satellite technology applications
to earth and ecean physics, navigation and

mapping)

GHALLR, AJF. Egypt
Department of Mathematics

Faculty of Science

Cairoc Universiiy

Giza, Cairo

Eegypt

GURMG, S. Nepal
Department of Physics

Trithuvan University

Kirtipur Campus

Kathmandu

Nepal

(Ionosphere and its application in radiowave
propagation)

HATONCGU-YOVC, C. {Associate) Benin
Laboratoire de (eophysique {FA.S.T.)

U«NoBe

B.P. 526

Gotonou

Rép. Pop. du Bénin

HANUMATH SASTRI, J. India
Indian Institute of Astrophysics

Saxr japur Road

Bangalore — 560 034

India

(Solar—terrestrial physics., Dquatorial
acronomy of geomagnebism,)

HAQUE, WM.  (Associate) Bangladesh
Department of Physica
Rtajchahi University

Raishahi



5.

37.

9.

40.

Name and Institute

Nemher Stote

HASSAIl, H.AJZ.  (Associate)
Department of iathematics
Faculty of Science

Cairo Universiiy

Giza, Cairo

‘Egypt

ROSSATN, M.H.A.
Applied Physics and Electronic Deparument

‘Rajshahi University

Rajshahi
Bangladesh

JACKSON, J.S.0.
Department of Mathematics
University of Ghana
Legon

Accra

Ghana

(Ceomagnetism and Astrophysics)

JANVE, A.V.
Department of Physics
Saurashira University
Rajkot - 360 005
India

{Ionospheric irregularities. Studies with
VHF satellite beacons, Interplanetary
seintillations and solar wind plasma.
Electrodynamic compting of high and low
latitude ionosphere.)

KAKANE, V.C.K.
(Present) .
Department of Physics
College of Education
P.M.B, 1017

Uyo, Crs

Nigeria

{Permanent)
Department of Physics
University of Ghana
Legon

Accra

Ghana

Total electron content

(Scintillation.
Computer programming.)

measurements.

KHALIL, F. (Associate)
Department of Hathematics
Rajshahi University
Raishahi

(Deceased 24 October 1982)

Egypt 41.
Bangladesh

42.
Ghana

43,
India

44 .
Nigeria/Ghana

gorie/ 45.

46,

Bangladesh

e lermber State

(Associate) Turkey

KILICHAYA, &

Devlet IMhendislilt ve Mimarlik Axadomisy

Eskisehir

Turkey

{8oler radiation and the atmospherc.

Bifect of aitmospheric turbulence in

radic propagation.)

KIPTUI, D.K. Kenya
Department of FPhysics

Kenyatta University College

P.O. Box 43344

Nairobi

Kenya

(Gecmagmetism and aeronomy. Determination

of behaviour of electric currents in the

ionosphere over Last Africa.)

KOLAYOLE, L.B. Nigeria

Department cof Physics
University of Ife
Tle-Ife

WHigeria

{Ionosphere — radioc propagation in the Tropics)

KUNARATNAM, K.
Department of Physics
University of Jaffna
Thirunelvely

Jaffna

Sri Lanka

Bri Lanka

LEE, J.

Department of Geological Sciences
Secul Katiconal University

Seoul 151

Korea

Xorea

(Gecmagnetism)

LUMB, H.M.

Department of Fhysiecs
University of Hairobi
Box 30197

Nairobi

Kenya

Xenya/India

{P-region model studies)



a7,

49.

50,

51.

Name and Institute

lcencer State

MADHUSUDHANA RAO, 4,

Department of Heteorology & Oceanography
College of Science and Technology
Andhra University

Waltair 530 003

India

{(Atmospheric eleciric parameters, Inter—
relations of Earth's atmospheric eleciric
parameters. lonosphere.)

MAHMUTCENAJIC, -R.
Institut za Ergonomiju
Marsala Tita 72/1
7100C Sarajevo
Yugoslavia

MEDETRCS, J.R.

Departamento de Fisica Teorica
€ Experimental

CCE - UIRY

Campus Universitario

59.000 Natal - RN

Brazil

(Ionospheric scintillaticn.
irregularities and bubbles.
Radio studies of the ionosphere,

Ionospheric

MEDEIROS, R.T,
D.F.T.E,

CCE ~ UFRN

Campus Universitario
59,000 Natal - RN
Brazil

(Tcnospheric scintillations. Studies of
equatorial spread by ionograms. Total
electronic content response to magnetic
storm.)

MELONI, A,

I.0.G, Osservatorio Geofisico
Monte Porzio Cantone

00040 Roma

Ttaly

(Magmetospheric physics., Geomagmetic
influence on man-made systems, Ceo-
magnetic depth sounding. Coomagnetic
observatory datu analynis.)

Faraday rotation.

Dynamo theory.)

India

58.
Yugeslavia

39
Brazil

60.
Brazil 6l.

62.
Italy

63.

Tember State

Name and Institute

OROZCC TORRES, A.L.
Instituto de Geofisica
Circuito Exterior

Ciudad Universitaria, UNAM
04510 Mexico, D,F.

Mexico

(secular variation studies by means of
harmonic analysis., Generation of magnatic
pulsationa and detecticon at low latitudes,.
Operation of magnetic observatories,)

OSEMEIKHIAN, J.
Department of Physics
University of Lages
Yaba, Lagos

Nigeria

(Geomagnetic variations and numerical
medelling of electrical conductiving
anomalies)

0ZALP, W,  (Affiliate)
Faculty of Basic Sciences
Karadeniz Technical University
Trabzon

Turkey

QAISAR, .
PINSTECH
P.0. Nilore
Rawalpindi
Pakistan

RAHMAN, M.

Department of Physics
University of Dhaka
Thaka - 2

Bangladesh

BATNASIRT, P.A.J.

Ceylon Institute of Scientific and
Industrial Rescarch

P.0O. Dox 737

Colombo

Sri Lanka

(Radiowave absorption and D-regicon modelling)

Mexico

Nigeria

Turkey

Pakistan

Bangladesh

Sri Lanka



52.

53.

54.

55.

56-

5T

Name and Institute

Member State

MOREIRA, AJA. ' Portugal
Centro de Electrodinamica da
Upiversidade Tecnica de Lisboa
Instituto Superior Tecnice
1096 Lisboa -~ Codex
Portugal

(Wave particle interactions. Whistler
mode propagation in hot plazmas.
Oblique whistler wave stability in the
magnetosheath region.)

MUNCZ, M. (Asscciate) Chile
Departamento de Geologia y Geofisica

Universidad de Chile

Casilla 2777

Santiago

Chile

(Geophysical exploration for geothermal
TE60Urces. Terrestrial heat flow problems.)

MURTAZA, G. (Associate) Pakistan
Depariment of Physics

Quaid—i-Azam University

islamabad .

Pakistan

(Plasma physics [plasma transport and
zero frequency modes; non-linear inter-
action of tearing modes, etc.])

NAMASTVAYAN, 5. Sri Lanka
Department of Physics

University of Colombo

Colcmbo 3

Sri Lanka

{Effect of conductivity anomalies and
ionospheric effects on the polarization
of geomagnetic micropulsations)

NARASIMHA SHAVY, G.  (Associate) India
Depariment of Geophysics

Andhra University

Waltair

Visalhapatnam - 530 003 (ALP,.)

India

OKE, G. Turkey
Department of Thysics

Hiddle biast Technical University

Ankara

Turkey
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64.

65,

664

67+

69.

Name and Institute

Member State

SAFI, D.G.

Department of Hydrometeorology
Faculty of Geoscience
University of Kabul

Kabul

Afghanistan

SAGBOHAN, W.0. {fssociate)
Section de Physigque

Tacultd des Sciences et Techniques
Université Nasionale du Bénin

B.P. 526

Coionou

Repe. Pop. du Bénin

SAGHARY, G.A.

National Science Center
Ministry of Education
Kabul

Afghanistan

SAMARASTKERA, U.F.
Department of Physics
University of Kelaniya .
Dalugama

Sri Lanka

{Investigation of ion recombination
rates in the P-region)

SAROS0, S.

Indonesian National Institute of
peronaukics and Space

Aderospace Reszearch Center

Jl. LL.R.E. Martadinata 166

Bandung

Indonesia

(Tonospheric research, in the field of
radio wave propamation,absorption and
drift measurement)

SARYQNUO

Department of Geophysics and Meteorclogy
Tnstitut Telknologi Bandung

Jl. Ganeca 10

Bandung

Indonesia
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Afghanistan

Beriin

Afghanistan

Sri Lanka

Indonesia

Indonesia



L.

2.

T3

4.

SneiIRYAXT, U Sri Lanka
Department of Thysics

Universiily of Peradeniya

Peradeniya

fri Lanka

W

(Study of geomagmetic Tield fluctuations
near the magnetic equator, passing through
the norihern part of Sri Lanka)

SHCNDY, E.l. Eegypt
Department of Gsology

Suez Canal University

Ismailia

Egypt

(Geomagnetism and seismic exploration)

SHRESTHA, N,.P. Nepal
Lharan Campus ’

Trivhuvan University

Hattisar

Dharan

Nepal

{(Itregularitics in the ionosuhere and the
field strength measurement for the ¥-5 and
I-W propagated radio wave)

SOECGENG Indenccia
Department of Physics

Inetitut Teknologi Bandung

Ganesha 10

Bandung

Indonesia

(Ionospheric physics and radio wave
propagation)

STEPHANOU, G.J. Greece
Division of Electronics_ )

Department of Physics

University of Athenc

Sclonos Street, 104/144

Athens

Greeco

(Propagation of HF electromagmetic waves in
the ionosphere. Ray-iracing in representative
models of ihe equatorial ionocphere Tor the
similaticn of 2 longp-range transequatorial
circuit)
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5.

T

1T

78.

1.

Hame znd Institute

l'ember State

SULR, P.O.

(Preseni)

Department of Geophysics
University of Edinvurgh
James Clerlk jlaxrell Building
Edinburgh 119 372

Scotland

U.K.

(Permanent)

School of Basic Studies
Ahmadu Bello University
Zaria

Nigeria

(Electromagneiic induction)

TELLERIA, J.L.

Instituio de Investigaciones Fisicas
Universidad ilayor de San Andres

La Paz

Bolivia

{Ceomagnetism observatories and paleo~
magnetism studies in connection with
plate tectonies)

TOLBA, L7,
Department of Physics
Haculty of Science
Ain Shams University
Abasgia, Caire

Egypt

(Cosmic rays - interaction of cogFmic rays
with geomagnetic field; modulation of
cosmic rays in the interplanetary space)

TWESIGOMIE, M,
Depariment of Physics
Makerere University
P.0. Box 7062
Kampala

Uganda

(Geomagnetism, especially methods of
observations ang interpretation of
data obtained)

- VINOLVANICH, 5. (associate)

Central Campus at Prasarnmit
Srinakharinwirct University
Sukhumvit Road Soi 23
Bangkok 11

Thailand
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UK./l peria

Bolivia

Eegypt

Uganda

Thailand



40.

81,

[oa)
N
-

Name and Institute

Member State

WANG, SHUI

Department of Earth and Space Science

University of Science and Technology
of China :

Hefei

Anhui 230029

Pecple's Republic of China

(Magnetosphere, radio propagation, including
whistlers and VLF emissions)

WANG, ZHEN-EONG

Institute ol FEleotrcaics
Acadania Sinica

Peking

Peoplets Republic o' GChina

(Radio wave propagation in icnosphere
and wave tunneling through a barrier)

ZOLESI, B,

I1.N.G. Osservateric Geofisice
Monte Porzio Cantone

00040 Roma

Italy

{Ionospheric physics and ionospheric radic

communication forecasting, magnetospheric
physics)

270

People's Republic of China

Pecple'!s Republic of China

Ttaly



