
points that he described in his letter
must appear, and I thank him for
using die words "luminosity-distance"
which is what the distance actually is,
and also the mistake that he pointed
out in a formula on page 25.

I did not use the concepts of cos-
mological models and I did not in-
tend to use them for good physical
reasons. In his letter Professor Me-
Vittie failed to inform us of one im-
portant fact about the present status
of cosmological theories; perhaps he
is more enthusiastic about this present
status than I am. There does not
yet exist any data to reveal to us that
even a curvature exists in the structure
of our universe. From all galaxies ob-
served, the most one can say is that
there exists a linear relation such as
I gave in my paper. Hence all familiar
noncosmological concepts of distance,
etc., may be used. Cosmological ef-
fects become noticeable when the red
shift is large. For 3C273, the red shift
is 0.16 and the relativistic correction
in converting it to velocity, using a
linear relation, is around 0.01, hardly
significant. For 3C48, the red shift
is 0.37 and the relativistic correction
is 0.07, around 25 percent. These
corrections are not significant, since
Hubble's constant has fluctuated by
more than a few decibels in the past
few years. The same, however, cannot
be said for quasars with a larger red
shift.

I am not pessimistic about cosmo-
logical theories. It is well known that
the ability of the 200" telescope to
resolve world models by using galaxies
is limited to a distance of around 2
billion light years, where a poor physi-
cist's concept of space and time (which
he is used to) is still valid. With the
high luminosity of quasars (100 times
that of galaxies) , the range of the
200" telescope is extended roughly
ten fold (the exact number depends
on what cosmology one believes in) .
If good statistics and a knowledge
about the structure of quasars can be
obtained, there is a good hope that
even the modest 200" telescope we
now have on earth may give cosmo-
logical theories an experimental boost,
which they badly need.

After my article on gravitational
collapse was published, I received a
letter commenting on W. H. Jefferys'

measurements on the motion of 3C273
(which were discussed on page 26

of the May issue). Dr. W. J. Luyten
of the University of Minnesota, an
expert in the measurement of proper
motions of stars, remarked that the
measurement that Jefferys made on
old plates may contain larger errors
than that quoted in his work. The
Harvard plates have a scale of 180
seconds of arc to one millimeter, and
to achieve the accuracy quoted by
Jefferys one needs to measure the
position of a star to an accuracy of
1/35 micron. During these years of
storage, the Harvard plates may have
suffered shrinkage, rendering such ac-
curacy impossible.

Dr. Luyten has measured the proper
motion of four quasars (3C48, 3C196,
3C273. 3C286) using different tech-
niques. He found that their proper
motions are not larger than their
mean errors of measurement. His
result was published in Publ. of the
Astron. Obs. of the Univ. of Minn.,
Vol. Ill, #13. July, 1963.

Hong-Yee Chiu
Institute for Space Studies

New York City

Teacher exchange

The COPFIC Report (Physics Today,
May 1964, p. 36) was both gloomy and
stimulating. In general, it should
have a beneficial effect. It might be
especially effective if reprints were put
into the hands of administrators in
the same way as the "Five Colleges"
Report.

I wish to make two comments about
recommendation (e) in the COPFIC
report.

1. I have seen only two requests as-
sociated with the summer job Place-
ment Service of AIP but both of these
were requests for PhD's with consid-
erable experience. If this is generally
true, the service is of little help to the
beginning teacher with the PhD or
to any teacher with the master's
degree only.

2. In a letter to Dr. Brode, Chair-
man of the Committee, dated October
9, 1963. I made a suggestion which I
still believe would be useful. With
very moderate NSF support, the sum-
mer job Placement Service could ex-
tend its service to the deliberate ex-
change of beginning teachers between

colleges for the summer session. The
only cost involved would be trans-
portation and, perhaps, a small re-
moval sum. The advantage to the
teacher of limited experience would
be the association with experienced
teachers other than those of his home
institution. Although it is recognized
that there are other problems involved,
it would still seem a relatively inex-
pensive method for a fairly rapid dif-
fusion of innovations in teaching, stu-
dent evaluation, demonstration tech-
niques, etc., through the college phys-
ics community.

John A. Fynn
McMurry College

Abilene, Texas

General exam

With the increased interest in gradu-
ate study, it is surprising that the
general examination (sometimes called
the preliminary or qualifying exami-
nation) for the doctorate has received
so little attention. The general exami-
nation may be described as ranging
from superficial to sadistic. It appears
that many graduate students are so
exhausted when they pass the exami-
nation that they never regain their
drive to do really creative work.

The writer has taken four such
examinations, failing twice (Univer-
sity of Chicago) and passing twice
(Northwestern University and Western
Reserve University) . In my opinion,
there is an urgent need for reform
with respect to the general examina-
tion. I should like to correspond with
anyone who has specific criticisms of
the examination or suggestions for
its improvement.

Harold F. Mathis
2905 Halstead Road

Columbus, Ohio 43221

Underdeveloped countries

Two articles in recent months have
discussed research in underdeveloped
countries. In the first (Physics Today,
August 1963) David Tabor criticizes
the efforts of some underdeveloped
countries to undertake fundamental
research on the grounds that such
activities are not in line with the
state of technological development in
these countries and that the primary
purpose of such research is national
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prestige. He points out that the high
cost of research makes it feasible only
in a few highly developed countries
such as the United States or the USSR,
and that smaller and poorer nations
will experience a "drain" on their
scientific manpower. He further states,
"The current pattern of frontline fun-
damental research in underdeveloped
countries tends to produce a class of
scientists whose activities are oriented
toward world science. In general this
means a divorce from the economic
and industrial needs of their own
country. . . ." In a later issue (Physics
Today, January 1964), M. J. Moravcsik
takes issue with some of Dr. Tabor's
conclusions, but I feel that subject
needs further discussion.

Whether or not the establishment
of basic research is in line with the
state of technological development,
it is a necessity for any country striv-
ing for growth and independence. In
the initial stages of a country's devel-
opment, an important purpose of
research is to keep the country and
its universities abreast of the latest
advances in science throughout the
world. A team of highly trained indi-
viduals are capable of this only if
they are actively engaged in research.
Otherwise their initial training and
experience will soon become inade-
quate. This phenomenon is evident
in a number of universities in some
underdeveloped countries with which
the author is familiar. There, certain
professors who obtained their train-
ing in Europe some forty years ago
still teach the outdated material of
those times. Lack of sufficient research
activity in these universities is cer-
tainly the main reason for this phe-
nomenon.

A further and equally important
reason for supporting research in these
countries is the need for worldwide
cooperation on many scientific prob-
lems. Programs such as the Interna-
tional Geophysical Year are rapidly
increasing in number and it is likely
that more and more research projects
in the future will require cooperation
among scientists of many countries.
Such international scientific programs
can be carried 6ut more effectively if
research facilities exist in all parts of
the world. Consider the following ex-
ample. Let us suppose that in con-

nection with a geophysical research
project a measurement of the earth's
magnetic field need be taken in some
part of Africa. With the present state
of affairs it may take months of prep-
aration and negotiations with local
authorities to send equipment and per-
sonnel to construct a station for this
measurement. Even scientific stations
operated by foreign personnel are
looked upon with suspicion by local
people in many of these underde-
veloped countries as some recent ex-
amples have demonstrated in con-
nection with satellite tracking stations
in parts of Africa. It may, therefore,
be to the advantage of the more ad-
vanced countries to help in the devel-
opment of scientific competence in the
underdeveloped areas.

The problem of the "brain drain"
and cost of research can be solved at
least partially in a number of ways.
Several scientific cooperatives have al-
ready been established in Europe with
the purpose of sharing the cost of ex-
pensive research. These efforts have
been successful and have perhaps
slowed down the "brain drain" con-
siderably. Shortages of funds and per-
sonnel may be relieved if the under-
developed countries follow this ex-
ample. There are already movements
in the direction of cooperation among
many underdeveloped nations. There
has been talk of unity in Africa,
Latin America, the Middle East, and
elsewhere. Europe has already made
advances in this direction. Such move-
ments toward unification have eco-
nomic and political roots, but are
greatly enhanced by the rapidly devel-
oping communications facilities among
peoples of various nations. Admittedly,
such movements in Africa, Latin
America, and the Middle East are
still in the very primitive stages, but
their eventual success does not seem
too far fetched. Scientific cooperation
among underdeveloped countries may
be bolstered by these political move-
ments.

The objection raised by Dr. Tabor
that the fundamental research in un-
derdeveloped countries will be di-
vorced from the economic and indus-
trial needs of these countries may be
only partially true. In general, fun-
damental research does not follow the
pattern of technology in any particu-

lar country and its subject matter is
independent of the national boun-
daries. It is natural, therefore, that
those engaged in this type of research
would belong to a sort of world com-
munity. The fundamental researcher,
however, need not be divorced from
the needs of his country. He may par-
ticipate and direct the training of
engineers and applied researchers, and
may himself take part in this type of
research which is directly connected
to the needs of his country.

Jamshid Naghizadeh
University of California

La Jolla, California

Fundamental vs. applied

In his article on fundamental research
in the underdeveloped countries, Pro-
fessor Moravcsik makes the statements:
". . . the fundamental science of today
will become the applied science of
tomorrow . . ." and "The training and
experience of a person working in
fundamental research tends to be more
thorough and broader. . . ." These be-
liefs are widely held in the western
scientific community, but they are
really no more than myths. Neither
the history of scientific ideas nor any
sociological study of the situation in
modern technology will justify such
sweeping claims. As a single example,
the areas of agronomy, ground-water
engineering, heat flow in structures,
and related topics are now showing
and will increasingly show a tremen-
dous development through the mar-
riage of finite difference and matrix
methods and digital computation.
Furthermore, these are critical areas
in engineering and applied physics in
underdeveloped lands. Often this type
of analysis requires little more than
algebra plus considerable ingenuity in
duplicating the real world by a system
of hundreds of simple equations. No
fundamental mathematician would
have the slightest interest in this cru-
cial field. Furthermore, its develop-
ment has fallen primarily to engineers
and computer programming special-
ists and is studiously ignored (and
quite properly) at the more rarefied
levels of modern mathematics. It
would be wholly irresponsible for a
small and impoverished country to
permit its students to engage in ab-
stract investigations in modern mathe-
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