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LANGUAGE BARRIER

By Robert T. Beyer

The author, who presented this paper as an invited
talk at the seventh annual meeting of the AIP Cor-
porate Associates on October 1, 1964, is professor
of physics at Brown University. He is also chair-
man of the AIP Advisory Board on Translations.

When a scientist sets to work in his laboratory
today, anywhere in the world, he can be assured
that groups of other scientists in a dozen or more
places, are engaged in work on the same problem,
or on a closely related one. It would be of help for
this scientist to know what the others had already
done, what they were attempting, and what might
be tried by them in the future. How does he go
about finding this information?

Some of it he may learn quickly, by talking
to interested colleagues at a meeting of the ap-
propriate society. Certainly this is a major source
of idea and information exchange.

The next best source is the literature. The
alert, working scientist follows the papers in sev-
eral journals that cover his interest in some meas-
ure. If he is a native-born American, these journals
are almost certainly all in the English language.

He may also have a weekly browsing date with
his science library, glancing at the contents of
another score of journals, most, but probably not
all, of which will be in English. If now he comes
on a title of interest in French or in German, he
makes a judgment as to the clear necessity of his
understanding it; if this judgment is positive, he
makes a more or less labored translation.

As a final stage, our scientist will follow Physics
Abstracts, to catch the rarer entry from journals
that he does not cover regularly. Once again, how-
ever, he may come to an article in a foreign
tongue, and this time his problem may be even
greater—the article may be in a language that to
him is an unsolved problem. One might para-
phrase the lines of Thomas Gray to write:

Full many a genius, in obscure language bred,
Will end his days his praises yet unsung;
Full many a journal is born to lie unread
And waste its learning in an unknown tongue.

The classical example of the overlooked publi-
cation is that of the genetic researches of Gregor
Mendel, whose works lay unread for 35 years, be-
cause he had published them in the obscure Ger-

man-language journal of Briinn, in what is today
Czechoslovakia. However, this was primarily an
example of an obscure journal, rather than an
unknown language. A better example is provided
by the Russian achievements with their first arti-
ficial satellite; their successes were foreshadowed
in their literature, but this was largely unknown
in the West.

Thus there are many barriers to the spread of
technical knowledge—the inertial limitations of
individuals, the sheer volume of publications, and
the barrier of language. It is this latter topic that
I will discuss this afternoon.

The American's ignorance of foreign speech is
almost proverbial. Nearly 100 years ago, Mark
Twain summarized it with the question in the
mouth of one of his midwestern characters: "If
a Frenchman's a man, how come he don't speak
like a man?"

What ways do we have today of breaking or, as
the title of this paper has it, hurdling this lan-
guage barrier?

The first means at hand is to learn the foreign
language. This is something that we have been
pretending to do for years. As a general answer, it
is not practical. We can all learn enough of a
foreign language or two to stumble along, to mis-
translate, but few of us will ever spend the time
and effort that is required to master the foreign
language sufficiently that we are truly comfortable
in using it. I can say this from my own experience.

Nevertheless, we must continue to encourage the
study of foreign language at all levels. As of the
moment, French, German, and Russian, not neces-
sarily in that order, are by a wide margin the
most important other languages in physics, and it
is well that we always have many who have a fair
knowledge of these, and a small number who know
them truly well.

My description of the possibility of getting
American physicists to learn other languages brings
to mind the ancient quip, "I know that honesty
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Solution by simulation

HOW TO SIMULATE A "WAY-OUT" PROBLEM
ON A DESIGNER'S DESK

A simplified method of studying
models of airborne systems (whether
STOL, SST or anything between) is
being used successfully by aerospace
engineering groups. Small scale ana-
log computers, compact enough to fit
on a desk top, have simulated the var-
ious control and propulsion elements
of a growing list of complex airborne
devices. They have also provided an-
swers to problems in stress and vibra-
tion analysis and heat-transfer studies.

Having "built" a computer model of
the system under test, the designer
can make it react in a manner similar
to the dynamic behavior of the real
system inflight. Analog simulation per-
mits dynamic analysis under varying
operating conditions—applied simply
by changing coefficient potentiome-
ter settings.

Balloons in Aerospace

Even balloon-borne telescopes en-
ter the aerospace realm, as in the de-
sign study made at Perkin-Elmer Cor-
poration for Stratoscope II. The sys-
tem is lifted by balloon to 80,000 feet,
a level free of atmospheric turbulence.
Stratoscope II provides photographic
and spectrometric coverage of planets
and galaxies. The star-tracking guid-
ance system is designed to yield 0.02
arc —second tracking accuracy.

The pointing servos, simulated on
EAI desktop analog computers, are
highly non-linear, having a sensor
with a linear zone equal to 1/600 of
its operative range and a total d-c
loop gain of over 3,000,000. Accord-
ing to Perkin-Elmer engineers the com-
puters were extremely reliable and
"their predicted servo response cor-
related very closely with measured
performance in the actual system."

Perkin-Elmer designers also simu-
lated the astronomer's manual radio-
control, coarse pointing system for the
telescope and the optical sensors of
the guidance system. By using simula-
tion, the engineers obtained consid-
erable data which confirmed the de-
sign concept.

Tools for Model Building

EAI has two fully transistorized
desk-top computers which offer simple
operation and programming. They re-
quire no special power or environ-
ment. The TR-48, a 58-amplifier com-
puter, is capable of solving complex
problems involving high-speed repeti-
tive operation and iterative tech-
niques. It is a sophisticated unit oper-
able by a researcher or systems en-
gineer with a minimum of training.The
smaller and highly portable TR-20, the
ideal starting computer, is also a suc-
cessful research tool, capable of solv-
ing many problems formerly associ-
ated with large-scale computers.

A free computer operations course
is provided with every TR-20 and
T-R-48 purchase at one of the com-
pany's computation centers. In addi-
tion, EAI offers tuition courses in areas
throughout the country (send for de-
tails and date of next course).

Every new owner of an EAI com-
puter automatically becomes a partici-
pant in the growing EAI Applications
Library, and is eligible to receive simu-
lation studies pertaining to all catego-
ries of research and design.

Send for detailed literature on
EAI TR-20 and TR-48 analog com-
puters, or arrange for a problem-
solving demonstration in your plant
or office —at no charge.

See EAI TR-20 and TR-48 Desktop Computers demonstrated in Booth No. 1 at 13th Annual Physics Show.

EAI ELECTRONIC ASSOCIATES, INC., Long Branch, New Jersey

ADVANCED SYSTEMS ANALYSIS AND COMPUTATION SERVICES/ANALOG COMPUTERS/HYBRID ANALOG-DIGITAL COMPUTATION EQUIPMENT/SIMULATION SYSTEMS/
SCIENTIFKT AND LABORATORY INSTRUMENTS/INDUSTRIAL PROCESS CONTROL SYSTEMS/PHOTOGRAMMETRIC EQUIPMENT/RANGE INSTRUMENTATION SYSTEMS/TEST
AND CHECK-OUT SYSTEMS/MILITARY AND INDUSTRIAL RESEARCH AND DEVELOPMENT SERVICES/FIELD ENGINEERING AND EQUIPMENT MAINTENANCE SERVICES.
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is the best policy; but tell me, what is the second
best?"

We therefore turn our attention to this second-
best policy. If you can't learn the language your-
self, find someone else who has learned it.

This level of linguistic effort has a number of
forms. In many physics departments or industrial
laboratories, there will be someone who can read
Russian, German, or even Chinese, possibly with
the facility of a native since they might be such.
However, sooner or later, this individual may be-
gin to realize that he is being used and will turn
surly. Unless he is a peculiar individual, it is not
likely that he will continue indefinitely to trans-
late for others, in any branch of physics, either
gratis or even as a regular part of his salaried em-
ployment, although extra pay is liable to produce
extra results.

Another possibility in the large laboratory is
the hiring of a translator, to be available when
called upon, or even of a translation service, to
render specific articles into English. Here again,
the major languages can be handled, and many
of the minor ones, if one is willing to pay the
price, which may be quite high.

It was against the background of such occa-
sional, expensive, frequently repetitious, and fun-
damentally random translation efforts, that the
American Institute of Physics began its Russian
translation program in 1955, with the support of
the National Science Foundation.

Since this translation project represents the prin-
cipal reason why I am speaking to you today, you
will forgive me if I speak about it at some length.

In the original discussions on the project, the
possibility of selective translation from several Rus-
sian journals was considered. However, under the
principle that what is one man's treasure is an-
other man's junk, it was decided that there existed
no method of selecting just the right articles
for translation. We therefore began with what
now seems the modest project of a cover-to-cover
translation of the Journal of Experimental and
Theoretical Physics of the USSR. At the time, the
journal ran to about 1500 pages per year. We
made a rough estimate that it would cost us a
total of $20 per page to translate, edit, compose,
reproduce and distribute this product, and also to
advertise to the world that we were doing so. We
also made another estimate—to one significant fig-
ure—that we could ultimately sell 1000 copies of
such a journal. A simple calculation immediately
led us to a price of $30 for a year's subscription.
Somewhat later, an official of the National Science
Foundation played these figures backwards, and

arrived at a figure of two cents a page as the
standard price for translation journals.

Our project was the first such project sponsored
by the NSF. Later, the number of translations
produced under NSF financing rose to more than
fifty.

The problem of obtaining the translators was
first handled by scanning the cards generated by
the National Register of Scientific Personnel to
find those capable of translating Russian, a process
that we have recently repeated for Chinese. While
many of those who claimed such competence
proved to be over-optimistic, and while we forgot
to see whether the same people had any com-
petence in writing in English, most of our present
group of translators came from this source.

Meanwhile, it quickly became clear that JETP
was not the only Russian journal that we needed
to translate. We undertook the translation of three
other magazines. This time, however, we ob-
tained the services of a translation-publishing
firm, Consultants Bureau, which undertook to
carry out the entire operation, from purchase of
the Russian journal to distribution of the trans-
lation.

Consultants Bureau was learning, and we were
learning, and the partnership proved advantageous
to both. The existence of the JETP operation—
the "in-house" translation—edited by a physicist
skilled in Russian and translated by physicists
capable in both Russian and English, served as a
standard by which to measure the quality of the
work done commercially. On the other hand, the
cost of the commercial, profit-making enterprise
served to provide us with a realistic cost estimate
to judge the rate of expenditure on the in-house
operation. It is a remarkable fact that the two
programs, run entirely differently, have consist-
ently cost within ten, and often within five per-
cent of one another.

We did not stop at four, but steadily increased
the number of our translation journals, rising to
the number of eight. And, within the last month,
the pages of JETP advertised the coming appear-
ance of a new journal— Nuclear Physics—begin-
ning in January, 1965. We expect to make this
number nine in our stable.

A steady problem has been the expansion of
some of the journals. In particular, JETP has
increased from the initial 1500 pages to the present
4500. As a result, we have had to raise the price
steadily to the present $90. However, the price
increases have not caused any serious or protracted
loss in circulation. We are now translating over
15 000 Russian pages per year, at a total cost of
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If it's a cold-cathode gauge, it was probably wrong the last
time you used it. Cold-cathode gauges are not accurate.
Just look at the curve. Non-linearity introduces an increas-
ing error as pressure goes down — especially past 2 x 10'9

torr, the area in which the manufacturers claim precise
measurements.
Another thing: Did you know that cold-cathode gauges
often stop working below 10'9 torr? Yet leakage current
may indicate pressure as low as 10"14 torr — even though

the gauge isn't working and the actual pressure is much
higher.
Varian Vacuum's Bayard-Alpert ion gauge has a great
deal more respect for reality. Look at the curve again.
Varian's gauge is right on the true-vacuum line until it
bottoms out due to X-ray effects.
If you want big, meaningless minus-numbers like 10"H out
of your gauge, then use the cold-cathode type. If your
work depends on real measurements, use Varian's.

©VARIAN
A S S O C I A T E S PALO ALTO, CALIF.
V A C U U M P R O D U C T S D I V I S I O N
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nearly a half million dollars annually. And yet,
the subscriptions for the various journals have
repeatedly reached new highs. At the present time,
the size of our subscription lists range from 600
to 1300, and the dollar return is currently run-
ning just below 100% of the production costs.
We are so close to breaking even that we did not
ask for NSF support for three of the journals this
year, and we are seriously considering operating
the entire program without government aid in
1965-66. American physicists have thereby indi-
cated their approval of the service now being
rendered. In fact, this is world approval, since
about one third of our subscriptions come from
outside the United States.

Our efforts have been paralleled by several other
groups which have undertaken the translation
of other physics journals—the Journal of Optics
and Spectroscopy, by the Optical Society, the jour-
nal on High Temperature Physics, by Consultants
Bureau itself, the physics and geophysics sections
of the Bulletin (Izvestia) of the Academy of Sci-
ences, etc. Virtually all of the major Russian
physics journals find their way today into English
translation, within about six months of the date
on which the original published.

At the same time, the success of these transla-
tions has stimulated the translation of Russian
scientific texts.

A half-dozen years ago, virtually no publisher
would touch the translation of a Russian text,
since they could not be protected by copyright.
Although this latter problem has still not been
settled, the publishers have developed greater and
greater courage, until, today, virtually all signifi-
cant titles in advanced Russian physics are being
translated, plus large numbers of insignificant
titles.

In languages other than Russian, book transla-
tion proceeds at a much slower pace and it would
be well if some stimulation could be given to the
translation of the more important books in Ger-
man and French.

In passing along this list of translation possi-
bilities, we come to machine translation. Quite a
number of institutions have been carrying out re-
search in this field. I am not qualified to speak
broadly on the relative success of these projects,
but I have recently acquired a slave's eye view
of one such enterprise. Shortly after I was called
upon to give this paper, I was asked if I would
edit a machine translation from the Russian for a
government agency. It seemed like a good idea;
I could learn something of the present state of
the art.

I must confess that the results were most un-
happy. I found that I spent at least as much time
in editing as if I had carried out the entire transJ
lation from the start. Even at that, I doubt if the!
edited translation reads as smoothly as one which
I would have started from scratch. I drew the
conclusion that the machine today translates 1

from a foreign language to a form of broken
English somewhat comparable to pidgin English.
But it then remains for the reader to learn this
patois in order to understand what the Russian
actually wrote. Learning Russian would not be
much more difficult. Someday, perhaps, the ma-1
chines will make it, but I as a translator do not
yet believe that I must throw my monkey wrench
into the machinery in order to prevent my tech-
nological unemployment.

Since a good translator can be classified as type-
writer-limited or recorder-limited in the speed of
his operation, and since the translating machine
cards must still be typed, there is little speed to
be gained in using the machine, even if we neglect
the now considerable time of editing.

A real gain in speed may come about through
character-recognition techniques, and it may well
be that the combination of improvements in such
machine recognition, increased literacy on the part
of the machine, and the almost total ignorance
of the Chinese language on the part of native
Americans will make the machine translation of
Chinese the real breakthrough in this area.

Let us now look at the one remaining technique
for hurdling—or bypassing—the language bar-
rier. It is perhaps our best hope: get the foreigner
to write it down in English.

At first remark, this may not seem a very practi- I
cal suggestion. It first presumes considerable con- ]
ceit on our part, which, one must admit, we
Americans do have, and as Mark Twain's charac- j
ter suggests. It further presumes that the other
nations would be willing to sacrifice cultural and
patriotic traditions, in an effort to bring about a l
greater understanding of their work on the part]
of the English-reading public. Finally it presup^
poses that the foreigner has already mastered thq
intricacies of the written English language.

Nevertheless, the astonishing fact is that, iij
many respects, most of the battle has already been
won. The rest of the world, in full recognition of
the lack of linguistic ability of Britons and Ameri-
cans, has indeed come a long way in producing a
scientific literature-at least a literature of physics
—in the English language.

Let us consider the following evidence. Foi
years, the Dutch have published such substantially
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A Fluke '65 Pacesetter is a solid state differential
voltmeter which has twice the range, ten times the
sensitivity, weighs half as much, works from plug or
rechargeable battery, costs about the same, and
holds the same classic quality as every vacuum tube
Fluke Meter ever built. Here are two new ones. Write
for details. Call your Fluke rep for a demonstration.

• Series 871 DC Differential Voltmeters and 873 AC/DC Differential
Voltmeters are available in-both line and combination line and

rechargeable battery powered models. DC and AC accuracies are 0.03%
and 0.2% of input, respectively. Range is 0 to 1100 V. Full scale null

sensitivity is 1 millivolt. Reference is stable to better than 50 PPM per year.
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English-language journals as Physica and the
Philips Research Reports. The Italians produce
the nearly-all-English Nuovo Cimento, the Japa-
nese have Progress in Theoretical Physics and the
Journal of the Physical Society of Japan— both
so nearly entirely English in content that it came
as a shock for me a few years ago to find a brief
article in the latter journal not written in English.
You may appreciate the shock better when I point
out to you that the article was written in Espe-
ranto, and that its (misguided) author was an
American. It was probably the only article in the
entire issue that most Japanese scientists could not
understand.

I could continue this recitation of journals at
much greater length. It would demonstrate rather
conclusively that outside of France, Germany, the
Soviet Union, China, and a few smaller nations
of lesser scientific repute, the major nations in
science contribute an appreciable share of their
knowledge in English.

Now, what of the four nations that I have
mentioned? I have checked through a number of
recent issues of the Zeitschrift fur Physik, that
monument of German physics, to find that nearly
twenty percent of its recent articles have been in
English. And, while it is true that most French
journals cling strongly to the French pride in
their language as the true international one, I
have found the Journal de Mechanique which ap-
pears to be entirely in English.

Skipping over the Soviet publications, we may
note that most of the satellite nations publish
something in the English language. The Czecho-
slovak Journal of Physics, Ada Physica Hungarica,
and Ada Physica Polonica are three cases in
point. The Iron Curtain, western branch, is not a
fundamental linguistic barrier in physics.

The Chinese are an entirely separate problem.
For a number of years, they allowed nothing in
science to leave the country, save for a single
English-language journal covering all the sciences.
Since only one or two physics articles appear per
issue, the sampling was trivial.

We are not very much better off today. One
physics and several borderline physics journals ap-
pear in Chinese with English or Russian abstracts,
but the available page total still does not exceed
about 2000 per year—an output scarcely com-
mensurate with the size of the country. Someday
this will be our main language barrier—but not
today.

To get a feeling for the weight of physics pub-
lications in the English language, I surveyed the

latest issue of Physics Abstracts. Now it must be
admitted freely that this is a weighted sample;
no article will be referenced in Physics Abstracts
that has not been selected by the editorial staff
of that journal for reviewing purposes, and, no
doubt, the editors of Physics Abstracts are preju-
diced in favor of the English language, and of the
standard Western European tongues, as well as by
the tradition of journals that have been well
known and respected for years. Nevertheless, this
supply of abstracts is largely the capital upon
which the average physicist in America draws
when he attempts to broaden his coverage of the
literature in his field beyond what he finds in the
journals he regularly scans.

The results of my survey are as follows. The
sample size was 3000 abstracts, nearly ten percent :\
of the total published in the journal during the
past year. Of this total, 76% appeared in the
original in the English language, 14% in Russian,
4% in French and 4% in German. Other languages
accounted for the remaining 2%.

The impact of the Russian translation program
can also be seen. Of the Russian percentage, more 1
than 12 of the percentage points correspond to
articles that do appear in translation journals,
while less than 2 of these percentage points re-
main untranslated, mostly from the various acade-
mies of science of the smaller Soviet republics.

To counterbalance the prejudices of this survey,
I took a very brief look into the Soviet abstract
journal, Referativny Zhurnal. I examined about
350 abstracts in theoretical physics and elementary
particles, and another 100 in magnetic and other
resonance studies. The results were surprisingly
similar to those just given. English accounted for
63%, Russian 24%, French 3%, German 2%, and
the other languages of the world 8%. The decrease
in the relative weight of English (and French and
German) was contributed almost equally to Rus-
sian and the minor languages. Nevertheless, it is
quite clear that English is the dominant language.
(It should be further noted that the Russian ab-
stract journal lists translations of western books
into the Russian; account of this fact would raise
the English percentage even higher.)

About two years ago, I attended the scientific
meeting in Germany known as the Nobel Prize-
winners Conference. After two days of papers by
Nobel laureates in physics, the local newspaper,
in reporting the talks, carried the headline in
German, "The language of physics is English." For
better or worse, no one can today question that
fact, and we are its lucky beneficiaries.
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