
decided that there were not enough students to justify opening 
higher grades. There were five of us at the beginning in grade 
four before the other four either dropped out or quit. So for two 
years (1951-1953), the director of the school (an Ethiopian) let 
me use the school library every day to read and study on my 
own, and gave me help whenever I had questions. Then in 1953, 
my mother got married and we moved to Nazareth where I 
attended Atse Gelawdewos School from September 1953 to June 
1957. Almost all the teachers and administrators at Atse Ge-
lawdios were from India. After passing the Elementary School 
Leaving Certificate Examination in 1957, the Ministry of Educa-
tion assigned me to attend Hailemariam Mamo Secondary 
School (HMSS): a boarding school which opened in 1957 in De-
bre Berhan. I was a student at HMSS from September 1957 to 
June 1961. The teaching staff at HMSS consisted of British and 
Indian citizens. It should be noted that during this period, the 
secondary school curriculum consisted of only Amharic, Eng-
lish, Geography, History, Mathematics, Chemistry and General 
Science as core courses. For some reason, Physics was not of-
fered as a separate subject. 

Dr Legesse, what motivated you to be interested in physics? 
Sorry to ask, but do you regret choosing physics as a career? 

As mentioned earlier, Physics was not offered as a separate 
subject in high school, and thus becoming a physicist never 
entered my mind. In fact, while my ambition in primary school 
was to study medicine, that all changed in high school to a de-
sire to study either mathematics or electrical engineering. Thus 
my plan was to attend University College (to study math) or 
College of Engineering (to study electrical engineering) after 
graduating from HMSS. But it turned out that this was only 
possible if the Harar Military Academy did not select me, since 
according to a decree passed in 1960 by the Emperor, the Acad-
emy was given first priority to high school graduates it selected. 
Unfortunately, after I passed the Ethiopian Secondary School 
Leaving Certificate Examination with Great Distinction in July 
1961, the Military Academy did select me even though the re-
cruiters knew that I did not want to join the military. I was re-
signed to attending the Academy when, in August 1961, I found 
out from the Faculty of Science dean’s office that premed stu-
dents were exempted from joining the Academy. Thus I de-
cided to attend University College as premed student. There 
were fifteen (including me) high school graduates that chose to 
be premed students instead of joining the Military Academy 
when classes started in September 1961. In order to prevent 
being picked up by the military, the fifteen of us were told to 
stay on campus at all times until the University and the Military 
Academy reached some sort of accommodation. After about a 
couple of months, there was an agreement that allowed the 
University to keep only ten of us. Thus this agreement elimi-
nated the threat of being picked up off campus. So during my 
freshman year (1961-1962) I concentrated on my studies and got 
very good grades in all the courses. Moreover, it turned out that 
I liked the physics and math courses the most. I also understood 
that physics plays a basic role in all phenomena and thus has a 
profound effect in all scientific development. These observa-
tions led me to re-evaluate my premed status. Thus, after get-
ting the Faculty of Science dean’s approval, I started my … 

(Interview: Continued on page 9) 

Interview: 
Our guest for the interview is Dr Legesse Senbetu. He was a 
lecturer at Haile Selassie I University (HSIU): first at 
Alamaya College and later at the Faculty of Science, Depart-

ment of Physics. In 1971, he went to 
the USA for PhD study. After com-
pleting his PhD at the University of 
California, San Diego (UCSD), he 
worked at different institutions in 
various capacities: first as Post Doc-
torial Fellow and Research Associate 
at Northwestern University, Re-
search Associate at UCSD, Senior 
Scientist at GA Technologies Inc., 
and finally Senior Staff Research 

Scientist at Lockheed Martin Space System Company for al-
most 25 years, where he retired in November 2009. We would 
like to express our appreciation to Dr Legesse on behalf of our 
readers for his willingness to share his valuable time with us.   

Dr Legesse, could you tell our readers something about your 
childhood; the place where you were born and the social envi-
ronment you grew up? What is “life” for you? 

I was born on 17 June 1941 (about a month after the liberation 
of Ethiopia from fascist occupation) in Addis Ababa. Specifi-
cally I was born on a farm that was located in the North Eastern 
part of what is presently known as “Yeka Sub-city”. My unedu-
cated parents were peasant tenant farmers. I grew up on the 
farm with its rural social environment until I was three years 
old when my mother left my father and took me with her to live 
with her aunt (my grandaunt) in Sendafa. Thus, this move es-
sentially resulted in a transition from rural to urban social envi-
ronment. It turned out that my grandaunt had a very strong 
desire for me to get educated. But at that time, there was no 
primary school in Sendafa. So, my grandaunt made several 
trips to Addis Ababa where there were a number of primary 
schools, in order to make arrangements for all of us to move. 
Unfortunately our move never took place because my grand-
aunt was killed in 1945 (during one of these trips) when the bus 
on which she was a passenger overturned. One significant out-
come from this tragedy was my mother’s decision to make the 
commitment and dedication to do every thing she can to carry 
out my grandaunt’s wishes about my education. It was not an 
easy life growing up with a single mother who had to work 
very hard for our survival.  

Dr Legesse, where did you start your primary education? 
Where and when you learned secondary education? Would 
you brief us about the educational environment that exists at 
that time? 

When I was four and half years old, my mother registered me 
in a private traditional school that was run by an orthodox 
priest who taught reading and writing in Geez. Then in 1946 
when the government opened the Ethiopian Police College in 
Sendafa, it also built a primary school named Jima Senbete 
School which I attended through 4th grade (1947-1951). I could 
not continue to grade five because the Ministry of Education 
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Feature Article: 
Pais Prize Lecture: 
Of What Use is the History of Science? By Gerald Holton 

I am deeply grateful for the honor extended to me, and rather 
overwhelmed by it, especially as the Prize is offered in memory 
of Bram Pais, who was an extraordinary physicist, and who 

also has no peer as a historian of 
physics. His countless essays and 
thirteen books helped to define the 
field, and set the highest bar. I knew 
him quite well. We also served to-
gether on the committee that helped 
turn out the first volumes of the Cor-
respondence of Albert Einstein. I am 
glad to say that in our extensive cor-
respondence he chose to be kind 
about my own work. He was, in a 
way, the modern conscience of the 
history of science; and it is in this 

spirit that I wish to make two points, both concerning the fact 
that history matters, especially in this somber time, for so many 
in physics and beyond. 

If you heard or read Leo Kadanoff’s Presidential Address to the 
April American Physical Society (APS) Meeting (published in 
APS News, July 2008), you know that this Society and its mem-
bers have a big task now to stem the decline in research fund-
ing, in status, in education, and in the general scientific literacy 
of the public—not only for ourselves but also for our country. 

What I have to relate here may, I do believe, give added convic-
tion and authority to those who want to be effective in this dif-
ficult task. My first point concerns the sense of self, the intellec-
tual identity, of each of us individually; and my second, related, 
point will concern our opportunity, perhaps even duty, to our 
students. 

As to the first point: physicists and other scientists tend to be 
understandably oriented above all to the future of their field 
rather than to its past. Such are the characteristic identities of 
pioneers at a frontier, rather than of scholars focusing on the 
past. 

Let me illustrate this view, together with a rare conversion ex-
perience. In 1972, the Enrico Fermi summer school of physics 
was held in Varenna, Italy, on Lake Como. The topic was “The 
History of 20th-Century Physics.” The faculty for this school 
consisted of a small group of physicists and historians of sci-
ence. To our delight, Paul Dirac agreed to participate. We, the 
faculty, all met before the school started, to synchronize our 
work. Dirac listened intently, and finally spoke up in his quiet 
way, saying “I don’t understand why there should be a history 
of physics. Either a thing happened, or it did not.” This remark 
produced panic among the rest of us. 

Near the end of the summer school’s term, Dirac gave a set of 
lectures to our students, saying at the start: “I have learned a 
great deal here at Varenna...I have learned to appreciate the 
point of view of the historian of science...[By contrast,] the re-
search physicist wants rather to forget the way by which he at-

tained this discovery....He feels perhaps a bit ashamed, dis-
gusted with himself, that he took so long.” 

“However, with the understanding of what the historians of 
science are concerned with,” Dirac continued, “I have tried to 
think over the past...[and] how these things led me to the style 
of work which I followed later in life.” And then he gave a 
splendid set of three historical lectures, “Recollections of an 
Exciting Era,” which were published later. 

To be sure, few scientists have experienced a conversion like 
Dirac’s. Only rarely is a researcher interested in reading one of 
the publications on the history of science, or for that matter in 
reading a physics paper or volume published many decades in 
the past—as was done by I. I. Rabi. He wrote that one day he 
happened to be reading, for sheer pleasure, Maxwell’s Treatise 
of 1873. That gave him a clue for quickly measuring the mag-
netic susceptibility of a crystal, a central question in his research 
project at the time. It was for him not the only time that history 
helped to transform a present puzzle into a future solution. 

For Rabi, and for relatively few physical scientists today, such 
as Steven Weinberg and Freeman Dyson, a sense of the histori-
cal development leading up to their current physics preoccupa-
tion has been important for a more comprehensive sense of self. 
And, I maintain, it should be so for far more scientists. For in 
truth, for each of us, the science research project of today is the 
temporary culmination of a very long, hard-fought struggle by 
a largely invisible community of our ancestors. Each of us may 
be standing on the shoulders of giants; more often we stand on 
the unrecognized graves of our predecessors. To know nothing 
about them is, to me, as limiting in one’s self-regard as not 
knowing one’s actual parents. 

I was lucky to realize this simple fact as a PhD student under P. 
W. Bridgman. He was not only a hard-driving experimental 
physicist, who was awarded the Nobel Prize in 1946, but he 
also eloquently wrote on what was called the operationalist 
approach to the methodology of science. The first thing a new 
student of his would do was read his great text, The Physics of 
High Pressure. And there his first chapter is titled “Historical 
Introduction”—29 pages on the great sequence of prior high-
pressure experimenters, some 75 of them, starting with Hans 
Christian Oersted in 1823. This is one example of acknowledg-
ing the serious debt any advance pays to its genetic forebears. 

To illustrate further, let me refer to work I did with two re-
search associates some time ago, published under the title 
“How a Scientific Discovery is Made.”  [American Scientist, Vol. 
84, No. 4 (July-August 1997), pp. 364-375] As you know, in 1986 
and 1987, there appeared out of the blue several papers on 
high-temperature superconductivity by the Swiss physicist 
Alex Müller, formerly a student of Wolfgang Pauli’s, and by 
Müller’s former student, Johannes Georg Bednorz. Starting in 
1983, at the IBM lab in Switzerland, they worked rather secre-
tively, in order that if they failed, they could, as Müller told me, 
give their work a “burial in very restricted family circum-
stances, so as not to jeopardize Bednorz’s career.” Yet they 
caused a great sensation when they announced their findings. 
They had broken through a long-standing barrier, reaching … 

(Of What Use… : Continued on page 10) 
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accident during one of her trips to arrange for our move from 
Sendafa to Addis Ababa. She had the means and contacts to 
facilitate my education at well established primary and secon-
dary schools in Addis Ababa, besides providing for my mother 
and me a much better life. I do believe that had my grandaunt 
lived, I would surely have graduated from primary school and 
high school much earlier than I did, and gone abroad to get 
higher education at a much younger age. The second most un-
forgettable moment was the day that I received the phone call 
from the Faculty of Science dean’s office informing me that pre-
med students were exempted from joining the Military Acad-
emy. If not for that call my future would have been completely 
different.  

Dr Legesse, since you joined the physics profession, which 
activities do you consider the most outstanding ones? 

The activities I consider most outstanding may be grouped into 
three sets: teaching, basic research, and applied research. The 
first set is related to my appointment as Lecturer at HSIU: ini-
tially at Alamay College where I taught physics and calculus 
(1969-1970), and later being transferred to the Faculty of Science 
physics department to teach first year physics (1970-1971). I 
consider these teaching activities outstanding simply because 
they seem to have influenced some students in the class to 
choose physics as a major. The second set consists of basic re-
search activities that did result in published work in several 
topics: molecular theory of liquid crystals; surface properties of 
quantum fluids; phase transition in adsorbed layers; develop-
ment of a phenomenological model to study the stopping 
power of energetic ions in solids and plasmas; and electronic 
properties of graphite intercalation compounds. The third set of 
activities took place while employed at Lockheed Martin Space 
System Company’s Advanced Technology Center from Septem-
ber 1985 until November 2009 when I retired as Senior Staff 
Research Scientist. The activities that I consider most out-
standing involved applying knowledge of physics, mathemat-
ics, scientific-programming and data visualization techniques to 
the analysis of a wide range of interdisciplinary research and 
development problems. This set of activities included also the 
development of models and computer simulations to solve 
problems in condensed matter physics, space plasma physics, 
optics, infrared sensors, and nuclear radiation effects.  

Currently, in what type of scientific work are you involved? 

As mentioned earlier, I retired in November 2009 from Lock-
heed Martin Space System Company as Senior Staff Re-
search Scientist after uninterrupted scientific and techno-
logical work of almost 25 years. I then decided to take time-
off for about a year. So, currently I am not involved in any 
type of scientific work yet. But it is obvious that retirement 
does provide me the freedom to choose and to work on any 
type of scientific project that I might find interesting. Thus, I 
have been studying some published papers on physics topics 
that I have found interesting and hope that this study will 
lead to the identification of research problems. There has 
also been a discussion between Dr Mulugeta Bekele and me 
about collaborating on research projects of mutual interest. 

(Interview: Continued on page 11) 

(Interview: Continued from page 3) 

sophomore year (September 1962 to June 1963) at Haile Selassie 
I University (HSIU) as physics major with minor in mathemat-
ics. Note that, HSIU was established in late 1961 by combining 
University College, College of Engineering, Building College, 
and Alemaya Agriculture College under a single charter. Fi-
nally, the simple answer to your second question is that I do not 
regret at all choosing physics as career.  

Could you tell us, briefly, about your college (university) edu-
cation, here in Ethiopia and the USA? What are the advan-
tages (or disadvantages) of studying physics at a university 
level in the USA compared to that in Ethiopia? 

My undergraduate studies were interrupted at the end of my 
junior year in order to fulfill my National Service obligation. 
Thus, I was sent to teach physics at Bahr Dar Polytechnic Insti-
tute from September 1964 to June 1965. I then completed my 
senior year (1965-1966) and graduated with BSc (Very Great 
Distinction) in physics and was awarded the Chancellor’s Gold 
Medal. From July 1966 to July 1967, I was employed as Gradu-
ate Assistant in the physics department, primarily to be in 
charge of the first year physics lab with duties to: set up experi-
ments, grade lab reports, and assemble electronic instruments. 
In September 1967, I left for the United States on USAID schol-
arship to get a Masters degree in physics at University of Cali-
fornia, Davis (UCD). At the end of my first year at UCD, I took 
and passed the physics PhD qualifying examination hoping the 
sponsors will let me continue my studies for the doctorate de-
gree. It turned out that the HSIU administration did not want 
me to stay longer than two years even though USAID was will-
ing to continue my fellowship. So I graduated with the MA in 
physics in June 1969, and returned to Ethiopia. Then, in 1971 I 
was awarded and accepted an AFGRAD Fellowship to study 
for the PhD degree at University of California, San Diego 
(UCSD). After passing the oral and written qualifying exams at 
UCSD, the late Professor Shang-Keng Ma agreed to be my PhD 
dissertation advisor and I started my dissertation work on re-
search problems in Critical Phenomena, and Low Temperature 
Physics. I graduated in March 1976 with the PhD degree in 
theoretical condensed matter physics and accepted a postdoc-
toral fellowship at Northwestern University. 

A major advantage of studying physics at a university level in 
the USA is that one can choose from a wide range of specializa-
tion options available within physics departments of most uni-
versities. These universities offer excellent physics programs in 
research and teaching that have been developed through sev-
eral years with highly qualified professors. Another advantage 
is that these departments have ample resources for basic re-
search, from funding sources that seem to approve research 
proposals without seeking relevance (for example to economic 
development etc.). This may be because of the knowledge that 
basic research in physics has frequently resulted in spin-off ef-
fects which are sometime difficult to anticipate.  

What is the most unforgettable moment in your life?  

There were essentially two unforgettable moments in my life. 
These moments represent sudden life changing events that de-
termined the path that I should follow. The first moment was 
the unfortunate sudden death of my grandaunt in 1945 in bus 
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superconductive at about 30 K by the completely unconven-
tional use of a ceramic compound with a perovskite structure. 
Others quickly converged on this new field, and pushed the 
transition temperature to over 130 K. 

I became interested in just how Müller and Bednorz made their 
discovery. Specifically, what had been the historic treasury of 
intellectual and material resources that were available to them 
and were used by them? Happily, both men cooperated with us 
in giving interviews and exchanging letters. I especially wanted 
to know how they fitted into the grand, age-old network of 
available knowledge on the way to the new knowledge. How 
did their work fit into the big jigsaw puzzle whose pieces were 
prepared by previous advances? 

So we traced, in their own key publications, the explicit and 
implicit serious citations. Then we looked at the explicit and 
implicit citations in the publications of those immediate ances-
tors; and in fact we went further back in this way for a total of 
about four intellectual generations. 

Analyzing the original five papers that comprised the an-
nouncement of their breakthrough revealed the number of si-
lent resources that they had put to use: for example, tools for 
standard observation techniques that are no longer referred to 
explicitly, such as X-ray diffraction (Max von Laue), or the crite-
ria for identifying superconductivity, namely zero electrical 
resistance (by Heike Kamerlingh-Onnes in 1911), and the 
Meissner effect, implicitly referring to a 1933 publication by 
Walther Meissner and Robert Ochsenfeld. Similarly, the plati-
num thermometers that Müller’s team used imply references to 
an 1887 publication by one Hugh L. Callendar of the Cavendish 
Laboratory, which ushered in the platinum-resistance ther-
mometer as a practical means of measuring temperature. 

The origins of the apparatus Müller’s team used to liquefy he-
lium stems of course from the principles of cooling, laid out 
first by the British physicists William Thomson and James Joule 
in the 1850s, and by the French chemists Nicolas Clément and 
Charles-Bernard Desormes in 1819. And so forth. Unwittingly 
but documentably, the stage for Müller and Bednorz’s discov-
ery in the 1980s had been set by earlier scientists—many long 
dead, if not forgotten. 

And there was one special ancestor of Müller’s work: Johannes 
Kepler. Müller told me that he had an unusual fascination with 
perovskites, which have a very high degree of symmetry, and 
which he had used with great success in many other research 
projects. This fascination had originally stemmed from his hav-
ing been a student in Pauli’s class, when Pauli was sharing his 
ideas on an essay he was writing on Kepler and his archetypes, 
especially those five Platonic, highly symmetrical bodies. So it 
turns out that Kepler had helped Müller and Bednorz discover 
high-temperature superconductivity! 

From these and many other examples we can generalize that 
any significant advance relies, not vaguely but documentably, 
on a large, international, identifiable set of earlier contributions, 
all serving the emergence of new science or technological 
achievement. This fact also supports the old assumption that 

there is some underlying unity in science and technology, not a 
unity found by one grand synthesis, but a different unity, an 
operational one, in which the interlinking parts of science and 
technology help one another. 

The lesson here is that Dirac was correct in his advice in his 
Varenna lectures. Indeed, every advance reported in an APS 
meeting or publication is a new fruit on an old family tree, one 
with many branches, near and far. Moreover, these long-
gestated fruits of science have nourished not only current 
physicists, but were, and continue to be, crucial aid for other 
sciences, for applications—and for the forces working on behalf 
of enlightenment, of reason and sanity, and potentially for up-
grading the human condition. 

In this recognition lies a large part of the moral authority of the 
scientific profession. And when not enough scientists assert it, 
others rush in, to define it in their destructive ways, as they 
have done again and again. I dare to confess frankly that a good 
part of the reasons for my doing some of the things the award 
citation asserted about my activities has been largely motivated 
by the view that our physical sciences, when seen through the 
twin lenses of the achieved present and the painful develop-
ment over centuries, are at least as important a part of human-
ity’s culture and long-term health as any other enterprise. 

Of course, at this point I hear some skeptical voices. For many 
scientists, the adrenaline of the day-to-day excitement in the lab 
is quite enough to feel utterly secure within themselves. Others 
make do very well with a combination of good work at the 
bench or desk, plus important public service, like many of our 
role models, or those who battle the tone-deaf administrators 
and the scientific deniers of our time. 

Assuming these roles is of course needed, too—and is fulfilling 
for those who do, and crucial for the rest of us. But there is at 
least one role that seems to me to require from the scientist a 
living sensitivity and witness to serving as a link in a grand 
chain of being. This role is that of educator. 

And so I come to my second point: how best to attend to the 
opportunity, perhaps duty, that we may have to our students. 

If you accept the suggestion that many working scientists de-
serve a larger, more secure sense of identity, being confident 
beneficiaries of the past and contributors to the present culture 
and civilization, it follows that they have also an opportunity to 
help their young colleagues and students at least to glimpse 
their own role in this great venture. This can be done easily 
when one is teaching physics, where we convey to students 
many of the great breakthroughs, from Galileo to Richard Feyn-
man, and today’s favorite topics. What I am about to suggest 
applies to any of these, but let me concentrate for a moment on 
the opportunity to teach relativity theory in this mode, as one 
example. 

Students usually look forward to being introduced to this topic, 
and there are by now hundreds of ways to present the main 
concepts and equations, and their uses. That must be done. But 
many instructors have found that there is in addition even more 
excitement and result, by making a little room to give ...  

(Of What Use… : Continued on page 11) 
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