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Introduction

This is a report of my visit to the University of Nairobi from 15 to 17 June 2004 as a member of the IAU Commission 46 Programme Group for the World-Wide Development of Astronomy. The purpose of my visit was to assess the current situation with regard to teaching and research in astronomy and to make recommendations to the IAU on possible measures to promote and assist the development of an organised astronomy community in Kenya.
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Background on Kenya and Nairobi
The Republic of Kenya became independent in December 1963. The country occupies an area of 582,644 square kilometres astride the equator on the east coast of Africa. Kenya is bordered by Somalia to the east, Ethiopia to the north, Sudan to the northwest, Uganda to the west and Tanzania to the south. The Great Rift Valley cuts across the country in a north-south line at a depth of between 600m and 900m below the surrounding landscape. The highest point in Kenya is Mount Kenya (5199m), the second-highest mountain in Africa. Climate in Kenya varies from tropical at the coast to arid in the interior, and is governed by altitude, with the highlands enjoying good rainfall. In most parts of the country there are two rainy seasons, the “long” rains from March to May and the “short” rains from November to December. Kenya’s population of 32 million comprises a number of ethnic groups: Kikuyu 22%, Luhya 14%, Luo 13%, Kalenjin 12%, Kamba 11%, Kisii 6%, Meru 6%, other African 15%, non-African (Asian, European, and Arab) 1%. English and Kiswahili are the official languages. Numerous other indigenous languages are also spoken. Most of the population is concentrated in the central and western parts of the country. The arid northern parts of the country are sparsely populated. Kenya’s economy is based mainly on agriculture (tea, coffee, meat and dairy products and sisal) and tourism. Industry is concentrated in the capital city of Nairobi and to a lesser extent in other large towns. Tourism is concentrated along the coast near Mombasa, around Nairobi  and in the game reserves, such as the Masai-Mara. GDP per capita for 2003 was about US$1000. The country has some 330,000 fixed-line telephones and about 1.4 million mobile phones in use. Internet penetration in Kenya has doubled in the past few years to 1.2%, or about 400,000 users, amounting to about 3.2% of internet users in Africa.

Nairobi is the political, commercial, administrative and cultural centre of Kenya. It is the largest African city between Johannesburg and Cairo. This fast-growing city with a population of over 3.5 million is situated 140km south of the equator and covers an area of 700 square kilometres. The city’s altitude of 1600m above sea level makes for a mild climate year round. The vibrant city centre has wide tree-lined boulevards teaming with traffic. The city centre has a modern and cosmopolitan feel about it. 
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The University of Nairobi
The University of Nairobi is the oldest and largest university in Kenya. From the perspective of starting university-level astronomy activities in the country and attaining a critical mass, this is definitely the institution of choice with which to engage. A brief discussion of the history of the University of Nairobi is instructive in terms of understanding the academic environment that obtains at the University. 

The origin of University of Nairobi goes back to 1947 when the Kenya Government drew up a plan for the establishment of a technical and commercial institute in Nairobi. By 1949 this plan had grown into a concept for a technical higher education institution for the East African region. In September 1951, a Royal Charter was issued to the Royal Technical College of East Africa and the foundation stone of the college was laid in April 1952. In 1954 the Gandhi Memorial Academy was incorporated into the Royal Technical College of East Africa. The expanded college proceeded to open its doors to the first intake of students in April 1956. In June 1964, the College became University College Nairobi. As such, it prepared students for bachelor’s degrees awarded by the University of London, while also continuing to offer diploma programmes. In 1966 University College Nairobi began preparing students exclusively for degrees of the University of East Africa. The present University of Nairobi was established in 1970 by an Act of Parliament when the University of East Africa was dissolved and the three East African countries set up their own national universities. 
The Main Campus of the University is situated near the City Centre, and houses the Central Administration, the Jomo Kenyatta Memorial Library, the College of Architecture and Engineering and the College of Humanities and Social Sciences. Six other satellite campuses are situated throughout the city. The University offers approximately 200 programmes in the sciences, applied sciences, technology, humanities, social sciences and the arts. Student enrolment in the 2001/2 academic year was about 22,000 students, comprising some 17,200 undergraduate and 4,800 postgraduate students.
3.1
The Physics Department
The host Department for my visit was the Physics Department, situated on the Chiromo Campus, which is located some two kilometres from the Main Campus. The Chiromo Campus accommodates the College of Biological and Physical Sciences and the Pre-clinical Medical and Veterinary Departments. The Physics Department occupies a spacious four-storey building, which it shares with the Departments of Geology, Meteorology and Mathematics. The offices of the Dean are also situated in this building.

At the undergraduate level, the Department offers a 2-year Diploma in Computer Science, and 4-year BSc degrees in Physics and in Microprocessor Technology and Instrumentation. At the postgraduate level, the Department offers Masters degrees in Theoretical Physics, Experimental Condensed Matter Physics, Geophysics, Electronics and Instrumentation, and Nuclear and Radiation Physics. The 2-year MSc degree comprises course work and a thesis. The Department also offers PhD degrees, for which candidates are generally supported through a combination of grants and teaching assistantships.

The Department’s staff comprise 5 professors, 6 senior lecturers, 7 lecturers, and 10 tutorial fellows and graduate assistants, the latter all with MSc degrees. The Department’s webpage may be accessed at:

http://www.uonbi.ac.ke/acad_depts/physics/
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Programme of visit
I arrived in Kenya on the afternoon of Monday the 14th of June and visited the University for the first time on the morning of the 15th of June. My host in the Department was Dr Paul Baki. He introduced me to the Head of Department, Prof. B. O. Aduda, and to the rest of his colleagues. This first meeting commenced with a warm welcome and a general exchange of views on the objectives of the visit. Prof. Aduda expressed his clear support for the initiative of Dr Baki to introduce astronomy into the Physics Department and said he hoped the IAU and SAAO would assist his colleague with the introduction of an undergraduate astronomy course in the Department.

I then gave an informal presentation to Dr Baki and his colleagues on the IAU, with emphasis on the activities of Commission 46 and its Programme Group for the World-Wide Development of Astronomy. This was adapted from the presentation very kindly provided by Prof. John Hearnshaw, Chair of the Programme Group for the World-Wide Development of Astronomy in IAU Commission 46. In discussions following this presentation, Dr Baki expressed his interest in joining the IAU to keep abreast of developments and opportunities for the development of astronomy in Kenya. Dr Baki’s colleagues from the other specialities in physics were all supportive of his initiatives, but I mention four in particular that could contribute to an undergraduate astronomy course. They are emeritus Prof. J.O. Malo, who has given lectures in astrophysics, Prof J.P. Patel, a geophysicist interested in planetary science, Dr J.B. Awuor, a cosmologist, and Dr Collins Mito, a remote sensing specialist.
Following this presentation, I then gave two presentations to the faculty and students of the Department on The Space Sciences in South Africa and Space Astronomy. About 30 people attended these lectures, and, considering it was a double bill without a break in between, they were remarkably attentive!

In the afternoon I was taken on a tour of the Chiromo campus. The campus comprises a number of two or three-storey buildings set in very pleasant tropical gardens. As part of the campus tour, I was shown the library. To my pleasant surprise, I found that the library has an astronomy section containing several hundred titles! The collection is a mixture of classic treatises such as Eddington’s Internal Constitution of the Stars, some dated series, such as the Kuiper compendium, to more modern titles, such a Mihalas’ Stellar Atmospheres, 2nd ed., Galactic Dynamics by Binney & Tremaine, Observational Astrophysics (Vols 1+2) by Smith, Observational Astrophysics by P. Léna, High Energy Astrophysics by Malcolm Longair, Astronomy Now and Journey through the Universe by Pasachoff. I also found a variety of dated proceedings of IAU Symposia and Colloquia, and the Vistas in Astronomy series (Vols 1-13). All in all, a mixture of very dated, highly specialised and modern introductory books, but certainly a foundation upon which to build an undergraduate course.

The basement floor in the library building houses the Self-Study Centre, a facility equipped with computers and video equipment which students may use to view electronic materials. High-circulation books are also made available to students in this centre. The log book showed that this facility receives high usage by the students.

I then spent the rest of the day working with Drs Baki and Mito on the development of an astronomy curriculum for the Physics Department. We considered not only the curriculum of the course, but also the practical modules.
The second day began with a tour of the laboratories and computer facilities in the Department. The Department has a number of laboratories with a fair amount of equipment. I was shown the experimental condensed matter laboratory, which has experimental apparatus to support work on thin films, crystal growth & characterisation, vacuum coating and semiconductor device modelling. Microscopy of samples is done elsewhere. 
I also visited the apparatus store, which houses a large assortment of equipment not in current use. Among the items I saw was an old six-inch Newtonian reflector, which had once been used on the roof of the building. The primary mirror seemed to be in a reasonable state, but I could not find the mount or any accessories. I would not advocate refurbishment of this telescope, but would rather propose that a modern computer-controlled telescope be acquired. I believe the Department would have the means to operate and support such an instrument properly, and that it would get students doing astronomy practicals much faster than struggling with an old, improperly mounted telescope.

Since adequate access to computers and computer networks is crucial in modern astronomical endeavours, I enquired about the IT infrastructure in the Department and in the University in general. Mr Francis Omollo, the Chief Technologist in the Department showed me the various facilities available to staff and students. The Department has its own local area network, with connections around the building. Members of the Department do not all have computers on their desktops, but have good access to shared machines. Internet access in the Department was good. I was able to demonstrate the use of the ADS database and various other astronomy tools and websites with modest, but quite acceptable access speeds. The costs of internet usage are transparent to the users, something which is taken for granted in many countries, but is not always the case in African universities, where users can sometimes be charged for receiving and sending emails. I happened to visit one of the computer laboratories during a training session, and noticed that the students all appeared to be fairly conversant with the use of computers. Although very few students own computers, they have good access to computers in the University computer labs. I took my own laptop and had no trouble using it or connecting to the Department’s data projectors for my presentations.
Mr Omollo told me that he and his colleagues are experimenting with developing virtual computer-based experiments for physics students as a means to provide a greater variety of affordable experimental experiences for undergraduates. I informed him of the series of Contemporary Laboratory Experiences in Astronomy (CLEA) modules produced by the Department of Physics at Gettysburg College, and undertook to put them in touch with the developers of that software.

There is also some local expertise in the use of Linux and instrumentation control software in LabVIEW. I have no doubt that there is sufficient in-house computing expertise to support astronomical software environments, like iraf.
The tour of the Department’s laboratories and other facilities was very helpful in giving me a picture of the spread of research interests and technical capabilities in the Department. I then had a discussion with Dr Baki about the possibility of acquiring a small telescope to support the astronomy programme at the University. I informed Dr Baki of the Japanese ODA programme, through which a number of Planetaria and Goto 45-cm telescopes have been donated to developing countries by the government of Japan. Dr Baki said he was very keen to work towards the development of such a facility and recognised that a considerable amount of preparatory work and experience would be required before compiling a successful proposal. We also discussed the possibility of acquiring a smaller, mobile telescope as a short-term objective. A modern computer-controlled telescope in the range of 20-30 cm with some accessories would be an ideal instrument for public outreach and for developing students’ observing skills.

Later that morning, Prof Aduda, Dr Baki and I met with the Dean of the Science Faculty (see Section 5 below). In the afternoon I presented a talk titled Space Science and its Benefits to Mankind to a mixed audience of students and staff of the science faculty. The presentation was well received, and in the protracted question time after the talk I found myself doing impromptu mini presentations on a variety of other topics, ranging from study and career paths in astronomy, to NEOs, to planetary space missions. The remainder of the 16th was spent in the campus library identifying books suitable for preparing lectures for the curriculum under discussion.

I spent the rest of the 16th working with Dr Baki on the development of a curriculum for a four-year undergraduate astronomy course. This course will be offered as part of the undergraduate Physics degree. Dr Baki and I also discussed the practical component of the curriculum, but we did not have the time to develop a detailed list of practical exercises. I undertook to review the vast literature available on practical exercises and to make some recommendations on returning home to South Africa. The draft curriculum we developed during my visit certainly requires some refinement and further development, but graduates of such a programme would certainly be better prepared than many of the students entering into the postgraduate-level Astrophysics and Space Science Programme (NASSP) offered by South African universities. We also discussed the issue of establishing scholarship opportunities for the Kenyan students to access the NASSP programme, and I undertook to discuss the matter with the programme coordinator on my return to South Africa.

On the evening of the 16th I met with Emeritus Prof Joseph
B. Otieno-Malo, President of the Kenya National Academy of Sciences (KNAS), which was founded in 1983 and is affiliated to the Third World Academy of Sciences. The Academy currently comprises 25 Fellows and 44 Members. The Governing Council comprises a President, Vice-President, Treasurer and 4 Members. The members of the Academy are distributed among four Specialist Commissions for Physical Sciences, Biological Sciences, Humanities and Social Sciences. The Academy publishes the Kenya Journal of Science, which comes out twice a year in three series: A Physical Sciences, B Biological Sciences and C Humanities and Social Sciences. The Academy receives limited government funding and Prof Malo is presently trying to secure a bigger grant for the Academy. 

The morning of the 17th, my last day in Nairobi, was devoted to meetings with key University officials to summarise the outcomes of my visit. These meetings are described in more detail in Section 5 of this report.  I first met with the Principal of the College of Architecture and Engineering. Afterwards, we held a wrap-up discussion in the Physics Department with Department Chair, Prof Aduda, and several senior colleagues. Dr Baki presented the draft curriculum that had been developed over the past two days, and we discussed follow-up actions of the visit. The final meeting during my visit was with Prof Lucy Irungu, Principal of the College of Biological and Physical Sciences.
Persons met during my visit

-------------------------------------------------------------------------------------------------------------------------------

Name


Designation




Discipline
-------------------------------------------------------------------------------------------------------------------------------
Prof Bernard Aduda
Chairman of Physics Dept.



Solid state physicist

Prof Francis W.O. Aduol
Principal, College of Architecture & of Engineering
Surveyor

Prof N.O. Akech 

Dean of Science 




Geologist

Dr John B. Awuor
Lecturer





Cosmologist

Dr Paul Baki 

Snr Lecturer





General relativist

Prof R.O. Genga 

Professor




Theor. plasma physics
Prof Lucy W. Irungu
Principal, College of Biological & Physical Sciences
Zoologist

Dr Collins Mito

Lecturer 




Remote sensing 
Dr M. Monyonko

Snr Lecturer




Particle physicist

Mr Francis J. Omollo
Chief Technician




Computers, electronics
Prof J.B. Otieno-Malo
President KNAS, 




Physicist

Prof. P.J. Patel

Professor




Geophysicist

---------------------------------------------------------------------------------------------------------
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Key Meetings
On the morning of the 16th, Prof Aduda, Dr Baki and I met with Prof N.O. Akech, the Dean of Science and a geologist by training. Prof Akech told us that he had followed news of my visit with interest and was pleased to welcome me in person to his faculty. He said that he thought astronomy was an important component of the physical sciences and that it had been taught at a very basic level in the faculty for many years. The Department had always had a few people with some knowledge of astronomy to provide some basic teaching to their students, and he was happy that a young scientist in the person of Dr Baki had developed a research interest in this area. He hoped that Dr Baki would develop a fully-fledged astronomy course with assistance from international colleagues. Prof. Akech emphasised the importance of international contacts for the staff in his faculty. He had experience of several young scientists who had completed their PhD training abroad and had returned to Kenya full of enthusiasm for research. However, after several years of isolation their ability to do internationally competitive research had waned. Access to journals was seen as a big problem, as the University could not afford many costly journal subscriptions. I explained to Prof. Akech that astronomy is in the uniquely fortunate position to have most of the literature available on-line free of charge through the NASA ADS, and that many research software tools are also available free of charge. Prof Akech was delighted at this news and expressed the hope that his colleagues in the Physics Department would make use of all available on-line resources. We then briefly discussed the IAU and its various programmes, with emphasis on Commission 46. Prof. Akech expressed his hope that Kenyan scientists would be admitted to the IAU in due course.
On the morning of the 17th Dr Baki and I met with Prof Francis W.O. Aduol, Principal of the College of Architecture and Engineering. As a land surveyor by training, Professor Aduol told us he had a long-standing interest in seeing the development of an astronomy programme at the University. He told us of the positional astronomy component in the BSc Survey degree and hoped that his engineering students would be introduced to some basic astrophysical concepts as well. He saw the home of an astronomy course as being in the Physics Department and expressed his full support for the initiative by Dr Baki and his colleagues. Prof. Aduol also told me of a decision taken at an IAU meeting in the early 1970s to establish an equatorial telescope, and that subsequently Kenya had been identified as the potential host country for such a telescope. Apparently the University had acquired some land for this purpose at a suitable location some hundreds of kilometres from Nairobi, but the project had never gone beyond the concept stage. Apparently the land had subsequently been settled and he thought it would now be difficult to re-establish that initiative. In responding to this, I commented that in the early stages of developing astronomy in Kenya, it was more important that telescope facilities be readily accessible for public use and student training, and that a location closer to campus would be more desirable, more accessible and more affordable than a remote location. Professor Aduol expressed his hope that my visit would lead to concrete ties between the University of Nairobi and universities in South Africa. He had good interactions with South African scientists in the space geodesy area and expressed the hope that the scope of interactions could further develop to include astronomy and space science.
At about noon on the 17th of June 2004, Prof Aduda, Dr Baki and I met with Professor Lucy Irungu, Principal of the Chiromo campus. Professor Irungu was very supportive of the initiative of the Physics Department and expressed the hope that the Department would receive guidance and assistance from the international astronomical community to develop its capabilities in this area. She also expressed her hope that a collaboration in astronomy would be a precursor to wider collaboration in other disciplines between the academic communities in South Africa and Kenya. We also touched on the interest in telescope facilities and I asked the Principal if the University could arrange the waiver of importation taxes on donated equipment. She replied that they had good relations with government and that, provided applications went through the proper channels, and sufficient time was allowed, a customs duty waiver would usually be granted to the University for the importation of donated scientific equipment.
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Conclusions & Recommendations
There is a strong interest in the Physics Department at the University of Nairobi in developing astronomy with the assistance of colleagues in South Africa and the IAU. The Department has commenced an initiative to introduce astronomy as part of its undergraduate curriculum. The person who is spearheading this initiative is Dr Paul Baki, a cosmologist by training. There is no doubt that Dr Baki enjoys the full support of the academic hierarchy for the introduction of an astronomy programme at the University of Nairobi’s Chiromo campus. This was evident to me in all my meetings with Dr Baki’s colleagues and other officials in the College.
Clearly, astronomy in Kenya is in a nascent phase, and must be carefully nurtured if it is to flourish in the coming years. At this stage, small but significant steps may be taken to support this objective. 
I recommend that:
1. The IAU should recognise and nurture the current initiatives to develop astronomy in Kenya. These are initiatives by Kenyan scientists who seek guidance and advice from their international colleagues. A step in this direction would be to admit Dr Paul Baki as a member of the International Astronomical Union in his personal capacity at the next IAU General Assembly in Prague in 2006.
2. A small, modern telescope at the University would provide an extremely powerful platform for public outreach and undergraduate training in astronomy, and could be the hub around which an undergraduate practical observing programme is built. Consideration should be given to possible forms of assistance or facilitation which Commission 46 might be able to provide to enable the acquisition of a 20-30 cm computerised telescope with accessories.  

3. IAU Commission 46 should consider supporting Dr Baki or one of his colleagues to travel to another country for a research experience of several months, relevant to the conditions, interests and level of development on the ground at the University of Nairobi. In order to maintain the momentum developed during my visit, it is proposed that consideration be given to facilitating such a visit during the 2004-5 academic year.

4. Having acquired knowledge of all aspects of a working observatory, Dr Baki and his colleagues should then be in a position to craft a proposal for a 0.5-m class telescope facility for undergraduate training and appropriate research. Commission 46 should avail itself to assist Dr Baki in the development of such a proposal. 

The flowering of Kenyan astronomy will take 5 to 10 years, when the present generation of students, inspired by the new curriculum at the University, decides to study astronomy at postgraduate level. Initially, such studies will take place in other countries, and it will be important to develop opportunities in Kenya for these young scientists to return to after graduation. The increasing penetration of the internet in Africa has greatly mitigated isolation of scientists over the past 10 years. The challenge for the future is to take advantage of the opportunities being created by the presence of new large-scale facilities on the continent, such as the Southern African Large Telescope or the High Energy Stereoscopic Facility in Namibia, to create an indigenous community of African astronomers.
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