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INTRODUCTION

The popularization of science, most specifically in optics can take different dimensions
depending on the available resources and the ultimate objectives. Optics has become more
popular to the young African thanks to the invention of lasers and the set up of the Office of
External Activities (OEA) division of the Abdus Salam International Centre for Theoretical
Physics (ICTP). This is because the young graduate student who could not have the chance to
study in Europe or America can now have the practical feel of laser applications at the Abdus
Salam. ICTP or at some of the located Laser Centres in sub-Saharan Africa initiated and
sponsored by the Office of External Activities of ICTP.

The tradition of training African Scientists has been derived from individual efforts in
soliciting for sponsorship from international agencies, governments and benefactors in the area of
interest peculiar to the laboratory. Scientists from institutions of former colonies of Britain,
France, Belgiuni, Portugal and Italy have also benefitted from their scholarship schemes. In
addition individual sponsorships from various countries have been encouraged in areas that may
be pertinent to national development according to the countries policy. It may happen that in most
cases, some areas of importance might be ignored on the grounds that the technology in that area
is expensive and should be avoided. A noted example is the field of Optics and Photonics. Most
of the individual sponsorships in training African scientists in optics ight be few and its effect
might not be recognizable because of lack of equipment to continue research work as well as
training upcoming scientists. hi this case the benefits to be realized from such training is minimal
to the country. Since Optics and Photonics are new areas of modem physics and have already
made changes in technology today, it is essential that new strategies are adopted to encourage the
trained African scientist to impart the acquired knowledge to the less fortunate ones in the
continent for development. This article is meant to highlight the initiative (in Cape Coast, Ghana)
of the Office of External Activities (OEA) of the Abdus Salarn ICTP in solving the problems and
issues raised in the field of Modem Optics. This initiative was possible with the close
collaboration of Training and Research in Italian Laboratories (TRIL), ICTP Donation
Programme, Third World Academy of Science (TWAS) and ICTP Associate Scheme in trying to
structure out and popularizing Optics research in Africa.

The birth of the Abdus Salarn International Centre for Theoretical Physics (ICTP) and its
emerging organs (1) have contributed to the development of Experimental and Theoretical
Physics in some identified regions in Aica, Asia, and Latin America.

The OEA of the Abdus Salam ICTP, one of the organs, aims at assisting Third World
Countries to focus on research and training in fields of Physics/ and or Mathematics related to
locally available resources or local problems of specific relevance to the development of the
region. The Office promotes and supports also research groups of Physicists and Mathematicians
in various institutions and societies as well as enhancing physics and mathematics teaching. In
order to translate such laudable aims into reality, positive structures have been put in place under
the ICTP Affiliated Centre (ICAQ which is regional in character and strongly supported by the
government in which the affiliated Centre is located in the form of local matching fund. Such
Centres aim at organizing Ph.D. programmes, experimental projects and workshops. It is nice to
note that where experts in the various fields are lacking, the OEA has a visiting scholar scheme
that are used to supplement its programmes. Such schemes also provide the expert a means of
sharing his experiences with the host institutions through seminars and lectures. Most research
projects which OEA supports should have scientific validity and relevance to the needs and
culture of the region. Though various areas of study in Physics are covered by OEA programmes,
the then Director of programmes, Prof. G. Denardo looked at Optics as a means to future
development for Africa. The question that one may ask is the criteria by which the Office of
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External Activities used to choose no other branch of physics but optics since one needs a big
budget to fulfill such objective.

Firstly, optics might have prominence in this study due to a low profile of Optics studies
in Africa in the early Century and the need for optics driven-technology in this millenium. Optics
might have began in the later century in Africa but it looks as if much work that has been done in
this area is yet unknown as compared to the Iron Age. No records cover the African contribution
to Optics. During the early centuries in Europe where the science of making glass was well
advanced, it was quite easier in the discovery of many optical instruments by renowned scientists
such as Kepler, Galileo, Newton etc. by means of using basic optical concepts. Within the same
period, there was much research going on in understanding geometric and physical optics by
some European and Arab scientists. At the end of 1960, optics has become a popular subject
because of the discovery of coherent laser beam and holography. One can point out that the
situation is not gloomy in the North African states and South Africa as compared to the countries
south of the Sahara and north of the Kalahari desert. There is the need to salvage this subject in
these areas in both material and human resources in the development of the new scientific age.
Secondly, the Director who is now a consultant to the office, realized that small budgets could be
used to start a meaningful science programme in the region as previously mentioned. Countries
selected for the case studies were Ghana, Senegal, Sudan and Cameroon in the field of Laser and
Fiber Optics for Cape Coast, Ghana; Atomic Spectroscopy for Dakar, Senegal; Classical Optics
for Khartoum, Sudan; and Quantum Optics for Douala, Cameroon.

The choice of optics, in this regard, is therefore appropriate to open up the much affected
countries in Africa to this frontier of science. It is not then by accident or by default that Prof.
G. Denardo chose to encourage optics research in Africa after being put in charge of the OEA of
ICTP in 1986. The vision of G. Denardo and his interest in Optics has brought to bear the
successful story in lasers, atomic physics and photonics in Africa. One has to note that even
though individuals are sent to various countries in Europe or America to do graduate studies in
this new area sponsored by various foundations, it was realized that due to frustrations they may
encounter back home, most of tese billiant scientists do not return to their countries of origin.
Some European countries have adopted some systems to correct such practices in the form of
promoting periodic scientific visits to their affiliated laboratories but unfortunately the up and
coming scientist in the home of origin does not benefit from the real experience of the available
facilities. Another laudable approach in solving this problem is to give awards or fellowships to
such scientists to American and European laboratories to enable them to interact with fellow
scientists abroad. All these structures seem to concentrate on the needs of the individuals who
may be privileged to be selected. On the other hand, the young scientist who has been trained in
his home country and has not been exposed to some of the modem facilities becomes
handicapped in this new field of study in his future career. Based upon the outlined objectives of
OEA, it was prudent for Prof. G. Denardo to have a case study in Cape Coast, Ghana in the field
of modem optics since this project was new in character and relevant in the dimension focused in
satisfying the country's developmental needs by means of using the ICAC option.

THE ICAC PROGRAMME IN CAPE COAST, GHANA

The ICTP Affiliated Centre programme of OEA is meant to help institutions in the Third
World countries to initiate capacity building in areas that are not tapped but relevant to national
development. The OEA therefore identified the Department of Physics of the University of Cape
Coast to give support to the establishment of the Laser and Fiber Optics Centre. It was
commissioned in March, 1993 by Prof. G. Denardo, the then Head of the office. The Coordinator
of the Centre is Prof. P.K. Buah-Bassuah.
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The vision for the creation of the centre was due to the recommendations and
encouragement received from Profs. F.T. Arecchi (former President of Istituto Nazionale di
Ottica Applicata, Firenze, Italy), F.K.A. Allotey (Council member, the Abdus Salarn ICTP) and
S.K. Adjepong (Vice Chancellor, University of Cape Coast). The approval for the establishment
of the centre was given by Professor Abdus Salam, the then Director of ICTP and Professor G.
Denardo.

The Centre became a reality thanks to the successful completion of post-graduate training
programme of P.K. Buah-Bassuah in Modem optics in 1989 at the University of Firenze under
the supervision of Prof. F.T. Arecchi. The training programme was sponsored by ICTP Training
and Research in Italian Laboratories with Prof. G. Furlan as the Head. The laboratory was
established in Ghana for the benefit of training of upcoming scientists and research in this new
area. An annual financial support is received on a regular basis from OEA in terms of fellowship
grants to graduate students and acquisition of equipment and textbooks for the laboratory. The
financial support from OEA for the ICAC programme is derived from the contribution of
Swedish Agency for Research Cooperation with Developing Countries (SIDA). Some
contributions in terms of optical components and optical detectors were given by Istituto
Nazionale di Ottica, Firenze. ICTP Book and journals Donation programme provided journals for
the centre through benefactors in USA. Research projects, proposed to the Third World Academy
of Sciences, was approved. Equipment purchased under this project remain as the property of the
laboratory. The University of Cape Coast, provided free tuition to African post-graduate students
for this programme, space for laboratories, stipend for staff, and financial support for the day to
day running of the centre's activities.

The Laser and Fiber Optics Centre (LAF0Q does research in Optical metrology (light
scattering in fluids, opto electronics and interferometry), Laser induced fluorescence as applied to
crop plants, Image processing, and fiber optics for optical communications.
Three Ph. D. students from Ghana, Liberia and Sudan were enrolled in 1996 in the above areas.
They were supervised by Prof. P.K. Buah-Bassuah (Ghana), Prof. Charles Brown formerly of
Lucent Technology) and Prof. G. Zaccanti (Italy). These three students graduated in 2001. Since
the centre's establishment, eight M. Phil. Students have graduated by pursuing approved research
and lectures using the facilities of the centre. At the moment, 2 Ph.D. students from Ghana have
enrolled in the area of applied spectroscopy. Four M.Phil students are doing projects in opto-
electronics using interferometric techniques as well as fibre optics techniques. Due to limited
academic staff, LAFOC benefits from the visiting scholar scheme of OEA so that lectures can be
given to students as well as help in the supervision of students. This scheme enabled Prof. Charles
Brown (USA), Prof G Zaccanti (Italy) and Prof. Ahmadou Wague (Senegal) to visit Ghana to
give lectures and to supervise some students. The graduate programme which is opened to
Africans, south of Sahara has been very useful. Under the ICTP Donation scheme, Books and
Optics journals by American scientists and American Physical Society (APS) have been received
by the centre. Through the OEA grant the centre has a collection of 250 books in various areas of
study. The centre also makes use of the University Library as well. The equipment at the centre is
made up of low power visible gas and semiconductor laser sources, detectors measuring
equipment, optical components and mechanical mountings of all types. All the students benefit
from the OEA fellowship scheme. The academic staff of the Department of Physics benefit from
ICTP Associate and TRIL Associate schemes to enable them to attend ICTP programmes,
research in Italian laboratories and interact with other scientists at ICTP. Students at LAFOC are
exposed to some laboratories in Italy as well. Some of the students have benefitted from
ICTP/1AEA sandwich programme which enable them to interact with experts at ICTP and make
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make use of the ICTP library facilities. The graduates from this programme are of international
quality. These initiatives cover most of the affiliated centres.

THE CHALLENGES AND SOCIO ECONOMIC IMPACT OF LAFOC ACTIVITIES IN
GHANA.

The programmes in LAFOC have enabled collaborative and effective work with the
School of Agriculture of the University of Cape Coast. Joint research work using Laser induced
Fluorescence in screening different varieties of crop plants has been found useful and
economically viable. In this way, some other species in which one has to wait till harvest time can
be studied. Such fluorescence technique is being applied to crude oil to study some of its
properties and grade. Anther area of research which seems viable is the use of laser imaging of
nuclear detectors for alpha track studies. This method gives instant statistical information on the
tracks. This can help to know some of alpha eissions areas in the villages as well. In addition
the method is being applied to radiological studies. It has been found interesting to use
interferometric techniques to understand deformation of different materials. Such studies, which
are in a preliminary stage, can be extended to other industrial applications. Various efforts are
being made to use optical techniques to evaluate some of the air pollution problems.

Meanwhile, using light scattering techniques, theoretical work has been done to
understand absorption and scattering behaviour to turbid media. It has an ultimate application to
optical mammography. The Centre has also done initial theoretical studies in Fiber optics that is
relevant to communication industry. Experimental investigations are being pursued on the
graduate level to enable the products to interact with new communication companies.

AFRICAN LAMNETWORK.

In order to strengthen the activities of ICAC on the continent as well as bring African
Physicists together, LAFOC joined the African Laser, Atomic, Molecular and Optical sciences
Network (LAMnetwork) in May, 1991. This network promotes activities in Lasers, atomic and
optical sciences as well as harmony in research work in Africa. Exchange of African scientists
among the centres and other laboratories are encouraged. The President of the network is Prof.
Ahmadou Wague of Senegal. The network is supported financially by OEA. The network
organizes every two years workshops on Lasers and Optics. LAFOC in Cape Coast hosted the
third workshop in 1994. At this workshop, International Commission of Optics (ICO) West
Africa Territory was inaugurated by the past President Prof. Chris. Dainty. ICO has become an
important organization helping the network activities. The LAN4 network is now a bureau
member of ICO.

The network activities have made some renowned scientists come forward to support
ICAC with new programmes. For instance, at the fourth LAMnetwork workshop in Khartoum,
Sudan in 1996, Prof Suna Svanberg of Lund Institute of Technology saw the need to introduce
scientists from Senegal, Ghana, Kenya and Sudan to spectroscopic techniques using laser diodes.
Through the collaboration of International Science Programme of Uppsala University of Sweden
under the directorship of Prof. Lennart Hasselgren and Prof. Suna Svanberg, African scientists
from the above named countries were invited first in 1996 and then in 2001 to the Lund Institute
of Technology for training in absorption spectroscopy and Laser induced Fluorescence. The
equipment with which the Scientists worked with after the training were then shipped to their
individual countries to enable them continue their research work. Further details of the initiated
activities of the LAMnetwork can be obtained from the website (www.lamnetwork.or2). Since
the inception of the network, exchange programmes among young African scientists have been
encouraged under the LAMnetwork budget. Such a system has helped the free movement of
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African scientists from one part of Africa to another. The operations of the network have assisted
in bringing together African scientists in this field of research.

NEW INITIATIVES.

Various organizations such as the American Physical Society (APS) and the Optical
Society of America (OSA), have also helped in providing some on-line journals to the two ICAC
centres in Cape Coast and Dakar. In addition, OSA donated GLAD software in Laser and Optical
design to Ghana and Senegal centres to learn and appreciate optics. Through the effort of Dr.
Kennedy Reed of Lawrence Livermore National Laboratory, and one time OEA visiting scholar
to Senegal and Ghana Centres, the two Coordinators of Cape Coast and Dakar centres in the
person of Prof. P.K. Buah-Bassuah and Prof. Ahmadou Wague were invited to visit six laser
laboratories in five different states in USA. Such visit really enlightened the coordinators and
helped them to focus on the new sense of direction in the laser research. This invitation was
planned by APS in collaboration with Edward Bouchet ICTP institute. As a result of such visit,
Prof. Anthony Johnson of New Jersey Institute of Technology has helped to enroll Mr. R. Edziah
of Ghana in the applied physics Ph.D. programme. The thesis supervisor is Prof. Anthony
Johnson. Similar efforts to keep the Ph. D. programme running is the role Prof. Herbert Winful
played in offering lectures in non-linear optics to the Ph.D. students in Ghana.

A workshop on Optics for Tertiary Teachers was organized in Cape Coast in July 1999 to
give the awareness in the use of optics for development. A workshop on Applied Optics which
was sponsored by International Centre for High Technology and Science QCS, Trieste, Italy) and
UNIDO was organized in July, 1999 and October, 2000 on combustion diagnostics and air
pollution monitoring respectively to research into some of the Ghana Industrial problems. This
workshop helped LAFOC to be in close collaboration with Tema Oil Refinery (TOR), and Ghana
National Petroleum Corporation (GNPQ. The Centre has been able to produce three books out of
the workshops organized. Other papers, articles and theses have been published from the
activities of LAFOC.

It is therefore expected that African Scientists in Europe, America or elsewhere will take
upon themselves to help in the research work at these centres.

CONCLUSION

The case study of the Office of External Activities in Cape Coast, Ghana has turned out
to be a successful story in promoting research and capacity building of young scientists. The total
involvement of many organizations show how laudable the idea has been. This centre has come to
serve as a place to solve scientific problems as well as problems of national interest. It is foreseen
that its activities can be a means to congregate African scientists to solve common problems. I
think the bold step taken by OEA and some organs of ICTP, Trieste, Italy, Lund Institute of
Technology, Sweden and Istituto Nazionale di Ottica Applicata, Firenze, Italy has helped up and
coming African scientists to come face to face with the challenges of Laser research. Such
projects seem feasible and sustainable since experts in these areas can serve as contact persons in
Africa to undertake common research using optical techniques. This project has made it possible
to explore various areas in optics that can be used to solve problems peculiar to the continent.
This ICAC programme in Cape Coast has been successful thanks to the cooperation of the organs
of ICTP as well as various international organizations. It is hoped that scientists elsewhere will
have the interest to collaborate with us in order to uplift the image of optics in the continent -
Africa.
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