philic portions on both sides (Fig. 4). The
phospholipid bilayer, once formed, is im-
permeable to ionic molecules, but these
proteins are synthesized on one side of
an already existing bilayer, and some of
their ionic amino acid side chains have to
pass through the bilayer to reach the oth-
er side. The current status of work on
this problem has been reviewed (45). A
similar question can be asked with refer-
ence to the entry of nucleic acids into
cells, such as occurs on infection by vi-
ruses, and to the transfer of newly syn-
thesized phospholipid molecules to the
external half of a bilayer #6).

It is noteworthy that these questions
do not arise in relation to an unexpected
failure to attain an equilibrium state. On
the contrary, they seek to explain the ex-
istence of a state close to equilibrium
where there are known physical con-
straints that would be expected to block
the approach to equilibrium.
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dent, a Master of Science candidate and
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an honors graduate with distinction,
stood insisting that ‘‘heavy objects hit
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er.”’ Another scene in another country:
the student now before us was an under-
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graduate, but older than most. He knew
and understood well much of what is
taught in an American graduate physics
curriculum; he had taught himself phys-
ics while in hiding during the 1970-1972
Bangladesh war. The student had few
formal qualifications, but he was very
good.

This was the Physics Interviewing
Project (/). The incidents indicate the
nonuniformity and sometimes unreliabil-
ity of degrees, honors, and rankings.
And they point up the value of a personal
interview, which is why there is a Phys-
ics Interviewing Project. The Project, or-
ganized about a decade ago by M. J. Mo-
ravcsik of the University of Oregon, aids
foreign students seeking admission and
support from Western graduate physics
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departments, and assists those depart-
ments in selecting promising foreign stu-
dents. A major purpose of this article is
to encourage other disciplines to emulate
an activity which, it seems to us, has
served physics and developing countries
well.

The Project operates by sending one
or two physicists on an interviewing tour
about once every 2 years. To date there
have been five trips to Asia and one each
to Latin America and Africa. Before
each trip U.S. and other Western gradu-
ate physics departments are invited to
support the Project. Most of our spon-
sors are in the United States, but British,
Australian, and Canadian schools have
also joined us. Travel costs of the trip—
currently $350 per school—are borne by

recommendation on their behalf, some-
times 2 or 3 years after the interview.
This we do critically on the basis of
many comparative records. Through our
program, excellent students who would
otherwise have been lost to science have
completed higher degrees and are return-
ing as practicing scientists to jobs in Ma-
laysia, Indonesia, and Sri Lanka, where
they are needed (2).

The Physics Interviewing Project has
been described in detail elsewhere (7). In
this article we wish to record some per-
sonal observations that seem to us to be
invariant from trip to trip, in the hope
that our comments will stimulate others
to a more active participation in aiding
science in the Third World. There is good
work to be done here and a real need, but

Summary. The Physics Interviewing Project assists graduate physics departments
in evaluating foreign applicants. Supported by some 20 universities, two interviewers,
both working scientists, travel abroad and interview students individually for about 1
hour each. Prospective teaching assistants are rated on physics knowledge, problem-
solving ability, and English language proficiency. Ratings on all interviewees are sent
to all supporting schools and other schools as requested. The Project aids able stu-
dents from countries that have no physics Ph.D. programs (Indonesia, Malaysia,
Thailand) to obtain assistantships and Ph.D.’s abroad, assists in the technological
development of those countries, and helps U.S. schools in selecting the most promis-
ing foreign candidates. A similar program should be beneficial in other sciences.

the sponsors. There are no profits, no
salaries, and very little overhead.

Each trip lasts for 1 month, during
which we visit about 20 schools in ten
countries, and interview a half-dozen or
so of the best students at each school.
Interviews are 1 hour in length, one stu-
dent at a time, and are often conducted
by the two interviewers together. After
the interview we write up an evaluation
of the student—his (or her) English lan-
guage proficiency, his knowledge of
physics, basic and advanced, and what
we deem to be his promise as a scientist;
more specifically, we try to see if he can
earn support as a graduate teaching as-
sistant.

On our return home these graded eval-
uations are sent to the sponsoring
schools. After our last trip each of 19
sponsors received evaluations of 129 stu-
dents. It is then up to the schools and
students, but we do offer further assist-
ance in bringing them together. After a
month or so, we also send, at no charge,
an evaluation to any nonsponsoring
school requested by the student or, with
the permission of the student, to any
school that asks it of us. We are often
requested by students to write letters of
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one must begin by understanding some
of the problems faced by science in de-
veloping nations. We write here only of
our experience in Asia.

Asian Students

One observation, not original here but
sufficiently important to justify repeti-
tion, is the unscientific attitude of many
members of the Asian scientific commu-
nity (/, 3). Rather than a methodology
for problem-solving, science is embraced
as an orthodoxy; it is learned by rote and
recited back as catechism (¢). This may
be due in part to the insecurity of the of-
ten-underqualified faculty and the ab-
sence of an active, evolving scientific
and technical milieu. As Moravcsik and
Ziman (3) have written, ‘‘Practice
shows, however, that without the benefit
of continued personal involvement in
scientific research, such people not only
quickly fall behind the fast-growing con-
tent of the sciences but also become di-
vorced from the spirit of science as the
art of problem solving. Evidence of this
is unfortunately all too obvious on the
Indian subcontinent, where the stifling
system of rote learning and regurgitation
for examinations is closely connected
with these ubiquitous shortcomings in
the science instructors.”

One regularly encounters B.Sc. and
M.Sc. students manipulating advanced
and esoteric formalisms—Young tab-
leaux and the renormalization group—
under faculty whose Ph.D. and research
niche have been acquired in the West.
The rules of the game have been import-
ed but the context left behind. One of us
sat in on a junior-level course and heard
the instructor recite more or less verba-
tim an article by Feynman on the theory
of positrons (5). Berated by us later be-
cause they could not describe the motion
of a ball dropped into an imaginary hole
drilled through the earth, students ar-
gued that those were last year’s prob-
lems; this year Feynman graphs mat-
tered. On each trip we encountered hon-
ors students who could not, even with
prodding, calculate the height to which a
ball, thrown up with a given velocity,
would rise. In another country a student
of magnetism was manipulating the for-
malism of temperature-dependent, two-
time Green'’s functions under his Oxford-
trained professor, but he seemed to have
formed no image of what his Green’s
functions represented. He could not cal-
culate the quantum mechanical reflec-
tion coefficient of a one-dimensional
square step, or figure out with what ve-
locity a mass constrained by a string to
rotate in a vertical plane must move at
the bottom of its orbit so as to just get
over the top without falling. This student
is intelligent; he simply has not done
enough problems or been trained to think
like a physicist.

The contribution an exchange scientist
can bring to Asia, more important than a
demonstration of tripping the latest light
fantastic of the pace-setters, is to teach
undergraduate science courses with a
recitation section and a heavy dose of
homework problems. Physics students
need to walk with Halliday and Resnick
(6) before flying with Feynman.

That being said, we must stress that
many brilliant physicists have come from
Asia and some have received their higher
degrees in the West. Of the 600 students
interviewed on our four trips to Asia,
about 5 percent seemed to us to be out-
standing, 10. percent able to succeed at
the best U.S. graduate schools, and fully
another one-third seemed as qualified as
the entering graduate students of most
schools here. The geographic distribu-
tion of better students is almost uniform
and random throughout Asia. Nor do the
best students always come from the
‘‘top’” schools or from the more tech-
nologically advanced nations. On the
most recent trip it was our judgment that
the most promising student was from
central Java.

Of course, we tend to see the best stu-
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dents, and the best are at the point of a
pyramid—one, however, not built solely
on merit. In Hong Kong of the 150,000
children who are graduated from the
sixth grade each year, most are finished
with schooling at age 12, beginning a life-
time of serious work at age 14 because
child labor laws forbid heavy labor be-
low that age. Of the 15,000 who are grad-
uated annually from the high schools,
2000 are admitted to the two public uni-
versities, the University of Hong Kong
and the Chinese University (the total en-
rollment at college level is 6000). Hong
Kong is rich and advanced. In poorer
Asian nations the screening process and
dropout rate are far more severe. (We
exclude China, Taiwan, and Japan from
this discussion.)

A major barrier facing the Asian stu-
dent is cultural. Self-assertion and ag-
gressive self-promotion are not admired
traits in Asia. The better student is often
reluctant to push for admission, support,
or travel funds, leaving it instead to the
system, to fate, or to the will of the gods.
In our experience it is often the mediocre
but more aggressive or better-connected
students who manage to find their way to
foreign graduate schools. The best In-
donesian students on each of our past
three trips had a difficult time obtaining
travel funds, after being admitted with
support to sometimes more than one of
the graduate schools supporting the in-
terviewing trips. These students re-
ceived no encouragement from their gov-
ernment, but they would have been con-
tent to wait another year, or to accept
passively the dictates of an unresponsive
system, had we not urged them to pursue
their studies in a determined manner.

The English Language

Communication across the cultural
and language barrier is a major impedi-
ment to evaluating the foreign student’s
technical competence. [Fortunately, oth-
er measures—rankings, GRE’s (Gradu-
ate Record Examinations), grades, and
recommendations—are variously avail-
able.] We interviewed only in English,
which is less chauvinistic than it sounds
because fluency in English, sometimes
inaccurately assayed by the TOEFL
(Test of English as a Foreign Language)
test (1), is necessary if the student is not
only to attend lectures in the United
States but to serve as a teaching assist-
ant.

In states newly formed or liberated (of
the nine countries we last visited, six
have recently changed their status) na-
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tionalism runs strong, and there is a pow-

erful urge to revert to a native language.
It is ironic, and surely must be galling,
that the only common tongue, the uni-
fying language in which members of
polyglot indigenous groups within the
nation communicate, is the imposed lan-
guage. English plays such a role in India,
Sri Lanka, Bangladesh, Pakistan, and
Malaysia. Many of these countries, as-
serting their nationalism, revert to the
tongue of a dominant group to the dis-
advantage of the many minority groups
who do not speak that language or dia-
lect. In this respect it is remarkable that
Indonesia, a country composed of a mul-
titude of islands and supporting a myriad
of languages, is now unified under a com-
mon Malay language, Bahasa Indonesia.
From the narrow perspective of science,
the displacement of English, the inter-
national language of science, while un-
derstandable in a nation promoting its
newly rediscovered identity, can be dis-
ruptive of technological development.

Consider the case of Sri Lanka. Dur-
ing the late 1950’s and early 1960’s
the Bandaranaike government, purifying
Ceylon of foreign influences, attempted
to impose the indigenous and majority
tongue, Sinhalese, on the minority one-
third of the population, mostly Tamil-
speaking south Indians. Sinhalese was
decreed the language of the civil service
and of the upper levels of the school sys-
tem. Today, English is the medium of
communication between the Sinhalese
and Tamil communities. Although there
is an effort to have some subjects taught
in Sinhalese, English has remained the
language of science.

India, with its almost 200 languages
and dialects, is another country in which
the government has retrenched on its
language policy. Emergency Rule not-
withstanding, former Prime Minister In-
dira Gandhi did not force Hindi on the
civil service or the schools. In recent
years there have been few language ri-
ots, but a decade ago they were rampant.
English remains the common link be-
tween the northern Hindi, southern
Tamil, and eastern Bengali commiunities,
and most Indian science students are
trained with English textbooks.

Malaysia is going the other way. When
Singapore (80 percent Chinese) and Ma-
laysia parted company, Muslims gained
a thin political edge in Malaysia—42 per-
cent Malay Muslim, 38 percent Chinese,
and about 10 percent Tamil Indian, plus
others. The edge may be narrow, but it is
firmly held. Malay is sternly enforced as
the national language, and Islam is the
national religion. Malaysia has its own

brand of affirmative action, ‘‘Malay
privilege.”” To help Malays achieve pari-
ty with the more successful Chinese, civ-
il service jobs, scholarships, and the bet-
ter industrial jobs are reserved for Ma-
lays. At the University of Malaya, where
most of the faculty and students are Chi-
nese, the first-year courses, in 1975, had
to be taught in Malay, and now Malay is
also required in second-year courses. So
far there are few intermediate or higher-
level science books translated into Ma-
lay. Over the years we have watched the
quality of physics improve at the Univer-
sity of Malaya, which is now on a par
with the best Asian schools, but the lan-
guage policy is impeding further prog-
ress. At Kebangsaan University, the
new Malay language school, all students
are of Malay stock. Here the English lan-
guage facility is poor, presumably from
lack of usage, and the physics is weaker,
probably because of the lack of Malay
language physics textbooks.

The contrast between Malaysia and
Indonesia is interesting. The impact of
the small Chinese community on the In-
donesian universities is much less than
that in Malaysia. Javanese Malays make
up the bulk of the faculty and student
body at the three Javanese universities,
probably because of their strong in-
tellectual tradition (and also in part be-
cause of the anti-Communist, anti-Chi-
nese suppression a decade ago). This is
reflected in the quality of the Malay stu-
dents of Java compared with those of
Malaysia. In fact, on three interviewing
trips we have seen one excellent Ph.D.
prospect at the University of Indonesia
in Jakarta, four at the Bandung Institute
of Technology, and two at Gadjah Mada
University, Jogyakarta (probably as high
a ratio of top students to the student pop-
ulation as anywhere in the Third World).
Some faculty members at Kebangsaan
University in Malaysia are in fact Malays
recuited from Indonesia.

Asian Universities

It is refreshing to discover that there
are still countries in which scientists are
in demand. The rapidly developing na-
tions, such as Iran, Malaysia, and to
some extent Indonesia, need technically
trained people, and these are astonish-
ingly scarce in industry, in the govern-
ment, and even in the universities. In
Malaysia there is a good job awaiting
every technically trained Malay. Even in
Sri Lanka and Nepal, without expanding
economies, university positions are oc-
casionally promised and held for stu-
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dents obtaining a higher degree abroad.
In Indonesia, with 120 million inhabi-
tants, there are at most 30 Ph.D. phys-
icists (who recently began an Indonesian
Physical Society), which means that the
ratio of physicists to the population at
large is roughly 1000 times smaller than
in the West. Iran is buying 15 nuclear re-
actors, laying down an electrification
grid, installing computers, building up a
vast military force with sophisticated
electronic weaponry, and buying turn-
key factories. In Iran there are 65 doctor-
al-level physicists.

In recent years the emphasis of gradu-
ate study in the West has shifted from
theoretical science toward applied fields.
There seem to be two schools of thought
about what the proper emphasis is in
an underdeveloped nation. One school
holds that role models are needed to nu-
cleate cultural change. An internationally
famous scientist, a Nobel Laureate,
stimulates interest in science and tech-
nology. Particle theorists and cosmolo-
gists are particularly favored because
the subjects are ‘‘glamorous’—and
theoreticians are cheap. The other
school maintains that a poor nation
should focus its limited scientific re-
sources on its short-term material
needs—mechanization, agriculture, hous-
ing, health, energy, water, mineral and
fuel resources, and defense. Climates
vary and the pendulum swings, but
today Indonesia is following the ‘‘prac-
tical”’ swing of the West.

In a letter inviting the Physics Inter-
viewing Project, Tjia May-On of the
Bandung Institute of Technology stated
that ‘‘the manpower market here has un-
dergone considerable changes lately.
Physics graduates are no longer being let
alone by the industries. Many of our
would-be graduates are either committed
by contracts to big companies or have
other plans of their own. It will take
something really convincing to get them
interested in further academic work.”
Tjia suggested that the Project best
serves the current interests of In-
donesian students when it assists their
placements in applied physics programs.
Of the 20 Indonesian students recently
interviewed, seven indicated interest in
geophysics and only five wanted to pur-
sue modern theoretical physics. One of
the outstanding Indonesian students in-
terviewed on the 1971 trip, and one who
could soar with Feynman, recently re-
turned to Bandung from the United
States with a straight A average and a
higher degree in geophysics.

In spite of the great need, the In-
donesian government has done little to
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promote technical education. Universi-
ties are badly underfunded, school labo-
ratories are poorly equipped, libraries
have almost no journal subscriptions
(one university has a single subscription
to the Physical Review, another several
hundred miles away receives Physical
Review Letters, neither gets much else in
physics). Faculty salaries are extremely
low. Teachers are civil servants, paid ac-
cording to the very low Indonesian civil
service pay scale. To make ends meet,
junior faculty must moonlight at other
jobs. The Indonesian scientists who
teach at Kebangsaan University in Ma-
laysia earn ten times as much as their
colleagues back home. There is little
government money for technical training
abroad. Bright students now tend to go
into economics, business, and govern-
ment. Nonetheless, over the years we
have met many dedicated young student
scientists whom we considered good
enough to succeed at any U.S. graduate
school.

Malaysia, Hong Kong, Singapore, and
Iran, in contrast to Indonesia, support
education handsomely. Faculty salaries
and sabbatical leave supplements are ex-
cellent, surpassing Western standards
when the cost of living is taken into ac-
count. Malaysia has well-equipped labo-
ratories and a scholarship program for
training Malays (only) abroad. The un-
dergraduate laboratories at the four uni-
versities in Hong Kong and Singapore
are equal to those at the best U.S. uni-
versities. The college graduate from Sin-
gapore has performed x-ray spectrosco-
py and electron spin resonance experi-
ments and has put together transitor
circuitry. But in Singapore the govern-
ment of Lee Kuan Yew, following the
lead of South Korea, requires male citi-
zens to spend a number of years in the
military before university training.

Iran is rapidly opening new universi-
ties, some, such as Arya Mehr, with
technical emphasis. The government-
sponsored faculty development program
is so well funded and accessible that fac-
ulty complained to us that mediocre stu-
dents are being offered faculty contracts
by new universities and sent abroad for
training. The criticism could not be fairly
leveled at Arya Mehr, where one feels
the excitement of research, but it has a
familiar enough ring in rapidly devel-
oping countries. One hopes that the Ira-
nian schools do not make that common
mistake of new installations of saturating
quickly and permanently with an inferior
staff. We did note that the students we
interviewed in rich Iran were less keen
than their much-neglected counterparts

in Bangladesh, Sri Lanka, and Indonesia.
Experience in Asia suggests that this is
not so much a matter of intrinsic or cul-
tural differences as financial ones. The
government of Iran provides ample op-
portunities to study abroad; hence, the
teaching assistantships we potentially
represented were not so desperately
needed. Nevertheless, we felt that the
Project was performing a useful service
in Iran by providing advice on how to ap-
ply to Western graduate schools and how
to pick a school. Our question ‘‘To
which American universities do you plan
to apply for admission to graduate
study?’” was answered all over Asia with
disproportionately the same few names;
Berkeley, Stanford, the California Insti-
tute of Technology, and Princeton are
named 25 percent of the time, by even
the poorest students. A pamphlet (7)
which the Project distributes at its inter-
views is an aid in informing foreign stu-
dents of the names and addresses of the
180-0odd U.S. schools with graduate pro-
grams in physics, and how to apply to
them.

The demand for technical manpower
in Malaysia, Indonesia, and Iran has a
number of other implications. It suggests
that students from those countries who
obtain advanced degrees in the West,
where they can rarely find jobs today,
are likely to go back to their own coun-
tries and be gainfully employed. We
have observed that this is the case for
Ph.D.’s from Malaysia, Indonesia, Thai-
land, Singapore, and Sri Lanka. It would
be better if Ph.D. training were provided
in Asian countries, as part of a whole in-
terwoven fabric of a scientific estab-
lishment. But Ph.D. programs do not ex-
ist in any of the nations named above,
and until they do the West provides a
valuable service in giving quality Ph.D.
training, and we need not worry about
brain drain. Here the Physics Inter-
viewing Project has been helpful. In
years when the Project visited the Uni-
versity of Malaya, for example, three or
four persons were placed in U.S. gradu-
ate programs; during off years none or
only one received offers (8).

On the other hand, students from the
Indian subcontinent tend not to return
home. (We are of the opinion, based on
personal experience, not interviews, that
this is also true of Taiwan, and to a lesser
extent of Hong Kong.) During the Ban-
gladesh war, emigré scientists from both
Pakistan and Bangladesh were powerful-
ly pulled by nationalism, but today the
flow appears to be outward, although
less than in the prewar years. This was
attested to by the great number of stu-
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dents who wished to be interviewed; in
1975, there were 39 at the University of
Dacca alone. Of the 19 we ultimately in-
terviewed there, 14 left unanswered the
question about graduate schools to
which they were applying. One wrote,
‘‘any American university.”’

About the propriety of interviewing in
such countries, we are torn. We find it
hard to turn our backs on bright, eager
young persons. But objective consid-
erations argue against importing students
who will, in all likelihood, not return to
their native lands. This is particularly
true of India (9), because the Indian uni-
versities are now well equipped to train
their own Ph.D.’s. Developing countries
need technically competent brainpower,
and the United States already has a
glutted job market (/0).

Finally we must comment on the tragic
state of affairs in Bangladesh. The high
quality of physics, indeed the fact that
research and education continue at all, is
a testament to intellectual tenacity in the
face of overwhelming adversity. On the
1973 and 1975 trips we interviewed al-
most a dozen excellent students at the
University of Dacca. On both occasions
we sensed the extraordinary Bengali
thirst for knowledge (/1). The university,
utterly lacking in funds and in material
things (there was no chalk, little paper,
and no light bulb for the projector), is
propelled mainly by enthusiasm and by
the several first-rate Bengali scientists
who returned home before and after the
war. The Bengali intellectual tradition,
renowned in the days of the British raj,
remains intact.

This is about all that does remain in-
tact in this country ravaged by man and
nature alike. The 55,000 square miles of
Bangladesh—the size of the state of
lowa—often flooded and much of it
marshlands, supports a population of 80
million (/2). The country has almost no
raw materials. There are few exports,
except for what remains of its once-
thriving jute industry (a great deal of the
jute is now smuggled illegally into Indian
jute mills across the border). Rice is im-
ported. The price of rice skyrocketed to
400 takkas a mound (50 cents a pound) in
1974, ten times the prewar cost, but has
now fallen to 250 takkas a mound. We
were warned not to use butter in the res-
taurants because diesel fuel is often sub-
stituted for it. Cement is unavailable,
and so construction has ceased since the
“successful”” 1971 war of liberation.
There is a widespread conviction now in
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both Pakistan and Bangladesh that Paki-
stan won by losing, but there is no
going back. Too many people have been
slaughtered for that.

On the last trip we arrived in Dacca
immediately after the third of three
bloody coups—one a month, the murder
of the staff of a television station, the
massacre in a Dacca prison of the top
aides of the liberation leader Sheik Muji-
bur Rahman (who had himself been as-
sassinated in the first coup in August
along with almost all of his family), and
the annihilation in Chittagong of 18 mem-
bers of his administration. [This was re-
ported in Indian newspapers; the cen-
sored Bangladesh press carried no word
of this, and we knew more of what was
going on than our hosts in Dacca (/13)—in
fact, more than the reality (/4).] On the
campus, as everywhere in Dacca, we
were repeatedly confronted by beg-
gars—legless, insane, palsied, blind, dis-
eased, or merely starving. Swollen-bel-
lied children surround one, imploring
alms. Our interviews were stopped three
times one afternoon by beggars who en-
tered the campus office, shuffled close,
and finally, emboldened by desperation,
begged at our desk, their arms extended
across our papers. A physics professor
explained in quiet resignation: ‘‘If every-
one would be willing to eat only one or
two meals a day there would be food for
all. But some people want to have three
meals, and so, of course, others must
have none.”’

The University, and all of Bangladesh,
is in disarray. The 1974 bachelors degree
graduation tests had not yet been given
in 1976. Yet, somehow, it goes on. In
this ambience the physics department
pursues physics—theory of elementary
particles, general relativity, many-body
interactions in solids, critical exponents.
And here we lectured to filled audito-
riums on our seemingly arcane and irrel-
evant pursuits (15).
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