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Figure 1. Environmental
Studies at ORNL:
$9,015,000.

Environment. The choice was all the easier since
the other timely subject, ORNL and Money, is much
less pleasant to discuss.

ORNL and the Environment

The nuclear energy laboratories have, for obvious
reasons, been concerned with the environment
since the beginning of the Manhattan Project.

Handling large quantities of radioactivity without
endangering the biosphere and particularly without
endangering man was part of our task in 1943 when
ORNL was started, and it remains an important
part of our job. Our concern with the environment
gradually broadened, and now some 10 percent of
everything we do at ORNL is related to the environ-
ment. This broadened concern is sanctioned by the
1967 amendment to the Atomic Energy Act which
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Typically, sewage is rendered innocuous to man
by bacterial digestion—the so-called “activated
sludge” technique. Kraus and his group instead
are trying to replace the activated sludge treatment
with a combination of cross-flow filtration and hy-
perfiltration. The contaminated supernatant from
the settling ponds is pumped under very high pres-
sure past a so-called “dynamic membrane.” Pure
water comes through the membrane, and the con-
centrated sludge and dissolved salts are removed as
waste. If one adds a few ppm of certain polyelec-
trolytes, these membranes can be formed on fairly
porous substrates —even on fire hose, though porous
metal tubes are used in the Oak Ridge experiments.
In last year’s work at the sewage plant (carried out
by J. A. Dahlheimer and J. S. Johnson), fluxes in
excess of 50 gallons per square foot per day were
achieved; oxygen demand was reduced by 85 percent
and salt rejection was 60 percent. Remarkably, the
bacterial count is down to drinking water tolerance
after a single pass through the dynamic membranes.

Biomedical Implications of
Environmental Insults

Our work on the biomedical implications of en-
vironmental insults constitutes the largest part of
our contribution to the environment. If we really
succeed in cleaning up the environment, in principle
we shall not need to concern ourselves with bio-
medical implications. But to be realistic we shall
never get that good and we must be able to deal with
pathologies caused by residual noxious effluents.
We are involved in both carcinogenesis and muta-
genesis, induced by radiation and by chemicals, both
singly and conjointly.

Chemical mutagenesis is far more complicated
than is radiation mutagenesis, simply because
there are so many more chemicals than there are
radiations. Although W. L. Russell and his asso-
ciates have already done experiments on genetic
effects of chemicals in mammals, what is needed is a
relatively simple assay system on which one can
quickly measure the induction of gene mutations.
Much of the new environmental mutagenesis pro-
gram, which is coordinated by F. J. de Serres, is
devoted to developing such assay systems.

The idea, first developed by investigators in the
Food and Drug Administration, is to measure chro-
mosome damage in individual cells, but to expose
the cells to the insult not in vitro, but rather in a
living mammalian host like a mouse. The mouse
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breaks down the primary chemical to which it is
exposed, and it is these metabolic products, rather
than the initial chemical, whose mutagenicity
would be tested.

So far at Oak Ridge this “host-mediated” assay
system, involving bread mold cells injected into mice
(moldy-mouse experiment) has been used to eval-
uate mutagenicity of irradiated foods. Other tech-
niques are being developed by E. H. Y. Chu for
mammalian tissue cells, and by Grant Brewen for
leukocytes. When these testing methods are per-
fected, it should be possible to measure accurately
on human cells in culture the genetic damage in
terms of gene mutation and chromosome breakage.

As you can see from this account of our environ-
mental activities, the environment is complicated
and diffuse. We are therefore taking steps to put
more order into our effort. J. L. Liverman has been
asked to include the environment among his general
responsibilities; and I believe that J. H. Gibbons’s
Environmental Quality Study Project will help
focus our efforts more sharply.

On a grander scale, an ORNL committee is pre-
paring a prospectus for a National Environmental
Laboratory. Let me tell you how this happened.
Last summer we met with Senators Howard H.
Baker of Tennessee and Edmund S. Muskie of Maine
to exchange views about science and the environ-
ment. In the course of our discussions, it became
apparent that to launch a fully coherent attack on
something as complex as the environment, with its
interrelated scientific, technological, and social
components, would require powerful, coherent in-
stitutions—in short, National Environmental
Laboratories. There have been many attempts to
visualize such institutions. Perhaps most ambitious
was the Argonne Conference on Universities, Na-
tional Laboratories, and Man’s Environment held
in Chicago last July to formulate possible plans
for moving massively into the environment.

With the informal blessing of the Commission, we
at Oak Ridge have been trying to figure out just
what a National Environmental Laboratory would
look like. Not surprisingly, I guess, it seems to
look like an expanded version of ORNL —expanded
to include many more soft scientists. Two points
have emerged in our committee’s deliberations.
First, since many environmental problems are the
consequence of unforeseen side effects of technology,
one is inevitably led to what is now known in
Washington as Technology Assessment. Can one
assess technologies a priori in any useful way? An



NEL would surely have to concern itself with such
assessment.

Secondly, management of information emerges
as a central element of an NEL. This seems to bear
out a prejudice that is peculiarly Oak Ridge (with
its 12 information centers). In very complex situ-
ations which possess technological components but
which cannot be unified by an underlying theo-
retical structure, the information center might pro-
vide this unification. We have seen this happen in
the Nuclear Safety Information Center where one is
also dealing with a very complicated situation, or
even in civil defense where our small group seems to
serve as a focus for mobilizing pertinent informa-
tion. This is happening in the environment with the
formation of the Biogeochemical Ecology Research
Collection, the Environmental Quality Study Proj-
ect, and a new chemical mutagen information
center (under Heinrich Malling). The information
center as a unifier of research is an intriguing idea,
vague though I confess it still to be —but it may
prove to be important.

The committee’s prospectus is not for an Oak
Ridge National Environmental Laboratory, and this
is deliberate. The question is open as to where such
a laboratory ought to be located or whether it is to
be a new laboratory or a redeployed old one. Never-
theless, we can say two things: first, that the en-
vironment is obviously acquiring very high priority.
I remind you that President Nixon is chairman of
the Environmental Quality Council, of which Lee
DuBridge is Executive Secretary. That this will lead
to much activity, some of it scientific and technical,
in the environment, I have no doubt. And second, as
the conference at Argonne, as well as our own com-
mittee’s deliberations bring out, the AEC National
Laboratories are as close as anything that exists to
being NELs. It does not take too great a flight of
imagination to anticipate our becoming more in-
volved in the environment, whether or not we ever
eventually become an NEL.

Energy— A Key to the Environment

But what about our commitment to energy? We
after all are primarily an energy laboratory, not an
environmental laboratory. Yet there is a close con-
nection between energy and environment: on ex-
amination of the man-made effluents that pollute
the environment, one finds that the most important
ones are connected with energy transformations.
One can add to the obvious list of combustion prod-

ucts, both from automobiles and from large-scale
generating plants, acid drainage from coal mines,
unsightly stripping, and heat, also the industrial
effluents, largely smoke and CO,, that result from
using carbon as a reducing agent in heavy steel
production.

I know of no systematic examination of the impli-
cations for the environment of a thorough-going
conversion to nuclear energy; my impression is that
the environmental implications would be substan-
tial, and that in this sense the nuclear energy lab-
oratories are attacking pollution in a very funda-
mental, if long-range way.

During the past year, our work on reactors has
continued along the lines that we have been pur-
suing for several years. What we do at ORNL is
largely a reflection of what concerns the Atomic
Energy Commission. Thus the highest priority re-
actor project within the Commission is the Liquid
Metal Fast Breeder Reactor (LMFBR). It accounts
altogether for some $175,000,000 of the approxi-
mately $525,000,000 the Commission spends on all
reactor research. And, surprising as it may seem
to those who are not close to the situation, the
LMFBR provides the motivation as well as the funds
($9,500,000) for better than 30 percent of all the
reactor work we do at ORNL.

The central problem of the breeder remains, as it
has for 25 years, the rationalization of the fuel cycle.
In the fast breeder this means developing fuel ele-
ments that can withstand very long radiations,
until, it is hoped, 10 percent of the heavy atoms are
used; and it means simplifying and cheapening the
chemical processing. Of course what has to be ac-
complished in the chemical process depends on how
much radiation the fuel can withstand, and there-
fore how often the fuel must be recycled before
being reprocessed.

What limits fuel burnup in the fast breeder?
First, the oxide fuel expands during irradiation. The
expansion is caused by fission products that are
trapped in the oxide and cause the matrix to swell.
Secondly, voids and helium bubbles form in the
stainless steel cladding under irradiation, cause it
to expand, and embrittle it. This radiation em-
brittlement was first noticed at ORNL during ANP
days; it now looms as one of the most difficult prob-
lems in the LMFBR.

We at ORNL are contributing significantly to
resolving both these questions. For example, we
have used the sol-gel process to manufacture
(U,Pu)O, microspheres that show promise of re-

OAK RIDGE NATIONAL LABORATORY Review
























into an anti-scientism—a sort of New Luddism—
that is reflected in less money for science. But this
is only part of the story. Support for science in-
creased regularly and substantially for 15 years
beginning in 1950. In 1965 it began to level off,
and in the past four years it has remained almost
constant; thus science as a whole has suffered a re-
duction of 25 percent in real dollars over these years.
The budget of ORNL during this time mirrors the
budget for science as a whole (Figure 10). This
leveling was probably inevitable. We have up until
now not generally had to live with a constant budget,
though some parts of the Laboratory have already
had such experience. This new state of affairs re-
quires us to make sharper choices, and to eliminate
what we once thought were necessities.

I cannot really say what the future will bring. As
far as AEC is concerned, we must remember that the
AEC’s total budget is falling, not rising. It therefore
seems to me unlikely that our budget will increase
during the next couple of fiscal years until the
MSBE is authorized. On the other hand, our involve-
ment with other matters of national concern, par-

ticularly the environment, could well provide new,
substantial sources of additional support. The ques-
tion is, when?

It is necessary for us to keep things in perspective.
Though our budget has been cut, we still operate
with $93,900,000 this year. Though the MSRE did
not get its $8,000,000, industrial interest in it is
growing. Though APACHE was tossed out of this
year’s budget, it is still very much alive, and there
will be other years. Though the country’s budget
for fusion hardly increased, we are going ahead full
steam on ORMAK.

A laboratory, like a person, goes through happy
times and sad times. The strength we gain from our
successes, from our happiness, sees us through our
sadness and our failures. Our institution has been
remarkably successful and resilient: it has had
tough times before (as when ANP was canceled in
1957) and has bounced back. All of us must have
confidence, and perhaps a touch of faith, that from
these temporary setbacks will come a stronger, more
aggressive, and more successful Oak Ridge National
Laboratory.

the last generation.

NADER ON SCIENTISTS

... And I'd like to end with a suggestion—a very modest one because only
modest suggestions have any possibility of being realized in the immediate
future —and that is that the Laboratory initiate a tradition of public hearings
which it attaches to the Lab (let's say once every month or once every two
months) where major issues —major social and health and safety issues—
pertaining to the research going on at the Lab, be discussed; and that those
who are working in these areas begin to testify concerning their parascientific
concerns, as an outgrowth of their scientific expertise; and that these hear-
ings be open to the public; and that they be transcribed; and that they be
published; and that they be structured in such a form where a scientist or a
technologist or any specialist at the Lab can stand up here and be a full-
dimensional person and talk about his whole range of concerns—not just
as a scientist or an expert, but as a citizen, as a consumer, as a father, as
many roles as he plays throughout society. And so, for the first time perhaps,
we will have the kind of focused and relevant dialogue by people in these
areas of expertise that will sound the alarm throughout the nation—that
this notion, this long-held notion, that a person must *‘stick to his last” is
probably one of the most devastating and dysfunctional attributes of brilliant
human minds. And, if all of you stick to your lasts, you may soon witness

—Ralph Nader at ORNL, August 18, 1969.
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matographic techniques, or standard pump dis-
charge rates, our technological society would never
have developed. It’s equally obvious then, for our
increasingly important nuclear technology to make
its rightful contribution, that we need more nuclear
standards. We need them fast, and we all need to be
aware of and adherent to those that already exist.

American standards are traditionally voluntary
standards, and are traditionally developed over a
period of many years as a particular technology
evolves. The luxury of time is no longer with us,
however, and technology is advancing so much more

rapidly than its parametric standards that the
Federal Government is preparing to step in and
promulgate its own standards if industry fails to
take up the slack—in all areas of technology, not
just nuclear. Lou Roddis, president of ANS and
of Con. Ed., in a talk last fall in New York, gave as
one of the three most important needs for nuclear
standards the establishment of engineering prac-
tices that are understood by industry and used by
industry. This, in his opinion, is the best example of
why standards should not be developed by Govern-
ment. Industry knows what is needed. Mr. Roddis’s

A facsimile page from USA Standard N10.1, approved 1968, on Nu-
clear Reactor Classification. Sponsor: ANS; prepared by subcom-

mittee ANS-9.

1. Scope and Purpose

This standard classifies nuclear reactors into three
primary categories, lists the major classes within
each category, and lists the identifying reactor names
associated with each class. (See Table 1.) The purpose
of this ‘standard is to standardize reactor nomencla-
ture. Use of this terminology is recommended.

2. Definitions

The terms used here are defined in USASI N1.1-
1967, A Glossary of Terms in Nuclear Science and
Technology, or were developed for use in this
standard (see Appendix).

3. Classification by Purpose

Nuclear reactors are divided into the following
classes based on purpose: developmental, power, re-
search, training, irradiation, and fissile-material
production.

3.1 A developmental reactor is a reactor that pro-
vides reactor physics, engineering, and/or operating
data for the several stages in the design and develop-
ment of a reactor or reactor type. Reactors in this
class include:

experimental reactor

demonstration reactor

prototype reactor

3.2 A power reactor is a reactor whose primary
purpose is to produce power. Reactors in this class
include:

electric-power production reactor

propulsion reactor

process-heat reactor

3.3 A research reactor is a reactor used primarily
as a tool for basic or applied research. Reactors in
this class include:

low-flux research reactor

high-flux research reactor

pulsed reactor

materials-testing reactor (may also be an

irradiation reactor)

3.4 A training reactor is a reactor primarily for
training personnel in reactor operation and instruct-
ing in reactor behavior.

3.5 An irradiation reactor is a reactor primarily
for irradiation of materials or for medical purposes.
Reactors in this class include:
food-irradiation reactor
chemonuclear reactor
biomedical-irradiation reactor
material-processing reactor
isotope-production reactor
materials-testing reactor (may also be a
research reactor)

3.6 A fissile-material production reactor is a reactor
primarily for the production of fissile material.
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was made available for comment the following
January 1968, finalized in June, approved by the
generating group in August, submitted to the full
committee (ANS-8) in November, approved by them
the following March (1969), submitted to the NSB
by letter ballot in May, finally approved in August
of 1969, and is now in press.

Nuclear Instruments (Comm. N-42) and the pro-
gression of its standard for test procedure for
Geiger-Mueller counter tubes is another example.
Admittedly this has a low priority, but Draft I was
completed in 1967, II in 1968, III in 1969, and sub-
mission to the Board for approval is scheduled for
later this year, barring unforeseen difficulties. Even
the committee’s highest priority item has problems
that will hold it up as an ANSI standard for nine to
12 months. Altogether, the 12 nuclear committees
have some 200 standards activities in progress,
including the charter responsibility of re-evaluating
current standards no more than five years after
each approval.

Generally speaking, some three to four years of
effort are required to bring a standard from in-
ception to approval. This is primarily because the
work is done on a volunteer basis at the will, or at
least the forbearance, of the corporate author. The
NSB is currently plugging for a system of three-
to four-day, or even one-week periods of intensive
standard-writing activity on the part of high-
priority committees.

The effectiveness of such a procedure, where in
effect full-time effort is made available as necessary
by a number of qualified personnel, is shown in
the rapid progress of the so-called RDT Standards.
AEC’s Division of Reactor Development and Tech-
nology, because of the urgent need for standardized
methods and equipment for AEC-owned reactors
and other nuclear projects, in February 1967 ini-
tiated a million-dollar-a-year standards-writing
program at ORNL under the direction of M. Bender,
director of General Engineering Division, and at
the Liquid Metals Engineering Center at Atomics
International in Canoga Park, Cal. This effort has
resulted, after two years, in the publication last
spring of some 70 tentative standards, mostly
modified ASTM standards of a materials type. An
additional 120 or so activities in methodology, in-
strumentation, and mechanics are now in progress.
These standards apply only to AEC-owned facilities,
but their very existence demonstrates that stand-
ards can be developed speedily if someone —govern-
ment, industry, association—is willing to foot the
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bill. They also demonstrate that government can
and will develop industry-wide standards, probably
enforceable by law, if industry fails to do so. Copies
of the current RDT Standards Index are available
in ORNL’s research libraries.

Although the level of activity of each of the 12
ANSI committees is uniformly high, in many in-
stances accomplishments in the form of approved
standards are relatively low.

Standards Compilations

Another major function of the NSB Special Com-
mittee, in addition to acting as gadfly, is to prepare
annual compilations of both U.S. and foreign stand-
ards. This is done through the publication facili-
ties of the Nuclear Safety Information Center. The
current U.S. compilation is ORNL-NSIC-57, and
includes listings by generating organizations of all
nuclear standards activities in this country known
to the committee, from the Air Pollution Control
Association through ANS and ANSI to the U.S. Post
Office Department; 39 organizations are listed in
all. In addition to being listed by organization,
standards titles are also listed by key word in con-
text, or the familiar KWIC index.

ORNL-NSIC-63 is the current Compilation of
National and International Nuclear Standards
(excluding U.S. activities). This compilation in-
cludes standards from 19 countries and 13 inter-
national organizations, like IAEA, ICRP, Lloyds,
United Nations, etc. Both of these publications are
available in the ORNL libraries.

Summary

ORNL’s Nuclear Safety Information Center, and
the concomitant Nuclear Safety Journal, are also
important cogs in the standards wheel, since they
serve to keep the nuclear community informed on
current happenings, problems, and solutions—all
essential to the development of standards.

The general topic of standards is one that doesn’t
inherently generate great enthusiasm. But the
fact remains that it is an essential area of activity,
and one that is liable to be preempted by govern-
mental fiat if those of us who are capable and in-
terested let it go by default. So if and when you're
asked to serve on a standards-generating group or
committee, don’t point the finger at somebody else —
accept the job and the responsibility, and let’s get
it done.
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economy. The moral soon follows: as soon as other
countries can build textile factories, Manchester
stagnates and becomes the blight of the Midlands;
Birmingham continues to grow because its versatile
economy can branch out vigorously into new areas —
electrical and automotive plants, for example.
Birmingham prospers culturally as well as eco-
nomically while Manchester shrinks in importance
and in wealth.

How is it done? What are the conditions that make
some cities grow and prosper while others never
start—or stagnate after an initial growth period?
Mrs. Jacobs has a theory which is best illustrated
by an example. Tokyo at the end of the last century
was a large city and a great importer of bicycles. As
these bicycles broke down, repairs needed to be
made, and many small repair shops sprang up all
over the city. Some of the shops began to make
bicycle parts rather than import them. Soon entre-
preneurs began to manufacture entire bicycles by
subcontracting various parts to this or that shop
that had become expert in making it. So, a large
bicycle industry was created in Tokyo. The money
that was previously needed to import bicycles now
was in part used to import raw materials, with a
surplus left over to import new things —in this case,
more food from the Japanese countryside. Even-
tually the suppliers of the bicycle industry became
exporters in their own right, and what started as a
proliferation of small repair shops ended as a mini-
ature industrial revolution. That is the process. New
work is added to old work, in this case making parts
was added to repairing, and imports are replaced by
indigenous manufacture. If then the local suppliers
to the growing industry themselves become ex-
porters, we have multiplied economic growth far out
of proportion to the initial developments. Contrast
this with a colonial development: a bicycle plant
could have been opened in Tokyo by a foreign manu-
facturer. But any profits from it would go back to
the mother country, and suppliers to the factory
could never become exporters on their own. Result:
economic exploitation rather than explosion.

Another example concerns Mrs. Ida Rosenthal, a
New York dressmaker in the early 1920s. She de-
cided that her dresses would display the ladies’
figures more flatteringly if these figures were first
cunningly moulded into more attractive forms. So
she invented the brassiere. (Did you know that the
brassiere was such a recent invention? I always
thought that it was given to mankind by Pro-
metheus, who lifted it from Hera’s boudoir, and that
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this was the origin of his chronic liver complaint.
But then shattering myths is Mrs. Jacobs’s forte.)
Soon the demand for brassieres spread from Mrs.
Rosenthal’s customers to other ladies who wanted
to keep up, the dress business was abandoned,
Maidenform was born and the brassiere industry
started. Mrs. Rosenthal’s suppliers of materials,
elastic, fasteners, as well as companies advertising
the new product, became exporters in their own
right, and another economic miniexplosion was
under way.

Now it is Mrs. Jacobs’s point that only in cities can
such economic growth take place, because only
there can one find the many ancillary suppliers and
services which make a new business venture prac-
tical. And it must be a very special sort of city with
many small independent enterprises that are not
locked into an economic behemoth. The company
town is anathema to Mrs. Jacobs; you can prac-
tically feel the contempt she has for such a city,
born at the call of a single economy and doomed to
die with it, sooner or later. Starting new work is an
exceptionally risky and highly ineflicient process.
That is why it arises from small businesses, since
large corporations cannot move quickly and believe
in efficiency above all else. -

One can classify work in cities as “basic” if it is
exported and “non-basic” if it is for the city’s own
economy. For example, basic work in Bessemer,
Alabama, is steel; non-basic is a shoe store. A fas-
cinating comparison shows that for every ten basic
jobs the number of non-basic jobs in a selection of
American cities is as follows:

New York 21
Cincinnati 17
Detroit 12
Albuquerque 10
Oshkosh 8

The conclusion is that the larger, more vital a city,
the more purely internal work is there to do. In
economic terms this implies a healthy city, although
such cities are now, and always have been, over-
crowded and smelly, as well as being the seat of the
most virulent and perplexing social problems.

Much of the book deals with elaborations and il-
lustrations of Mrs. Jacobs’s theory. But there are
many wonderful insights sprinkled throughout.

For example, Mrs. Jacobs challenges the whole
anthropological fraternity when she maintains that
cities did not first originate as concentrations of
population in a completely rural agricultural so-
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Scientific Applications

Now consider a community of users of the peri-
odical scientific literature, all interested in dif-
ferent, perhaps overlapping facets of their field,
and served by a central library that subscribes to
all the journals of interest to the members of the
community. Although this library contains all the
periodical literature they might need, most of the
members of the community, for convenience, also
have personal subscriptions to the one or two jour-
nals that cover most closely their area of interest
and to which they would therefore have the most
frequent reference. This system still has two major
drawbacks. First is the monetary waste in the dupli-
cation of subscription effort between the individual
and the library and the individual and other mem-
bers of the community. Second, the individual is
subjected to overinformation; he very likely will not
be interested in all the contents of any one journal,
but will pick and choose among the articles. This
inundation of superfluous information and the waste
of subscription funds could be eliminated while
maintaining the convenience of personal hard copies
of pertinent information if
—the library were the only recipient of the
periodicals

—in microform

—from which titles and abstracts would be culled
and distributed to the serviced community

—who would scan this title and/or abstract list

—and return to the library a notice in machine-
readable form

—containing the identity of the requestor

—and the items of interest,

—which form would be the input to a machine con-
trolling an optical system

—that located,

—imaged (reproduced),

—addressed to the requester,

—and mailed hard, full-size copies of the requested
literature.

Given some advances in the state of the art, video-
tape recorders might find use in the storage and re-
trieval of documents. A hybrid between a videotape
recorder and a digital computer could take a single-
scan television picture of a document, store this
video image on magnetic tape, and write digital
descriptions of this document on an adjacent seg-
ment of the tape. In the retrieval mode, the digital
portion of the device could scan the digital signals,

24

searching for the desired combination of key words
or other indicators. When it found the right com-
bination, the tape would be slowed, the video signal
read from it and projected on a monitor screen. The
document could then be read and evaluated by the
researcher, and if considered pertinent, could be
reproduced then and there in hard copy. Such a
system could operate more effectively if a buffer
file were kept of the key words and index numbers
of each document. The results of the keyword search
would then be a list of the index numbers of the
documents that might be pertinent. After these were
sorted, a single pass of the video/digital device
scanning the index numbers could extract the video
images of all the documents to be examined for
pertinence.

A laser-television system has been described
that has a vertical resolution of six scans for nine-
point type at a distance of 50 feet. This would solve
any problem of resolution in producing a video
image of a printed document. Commercial moni-
toring equipment is already available having over
1,000 scan lines per picture (compared with the
standard U.S. TV screen resolution of 525 lines per
frame) and requiring 20 MH band width. Although
there are no video tape recorders that can record
and play back this band width, slow-scan TV, which
increases the number of scan lines with fewer
frames per second, could be used to overcome this
limitation.

These examples offer some idea of the stunning
advances we have made and may further expect in
communication technology. In two human lifetimes
Americans have gone from pony express and packet-
ship transcontinental transportation of the hand-
written word to instantaneous transmission of
television pictures from the Moon and digital data
from Mars. Application to and utilization of this
technology in day-to-day life and professional ac-
tivities is inevitable. At the same time that we are
being mesmerized by the fascinating capabilities
thrust upon us with such rapidity, we have to admit
that the hitch is not in technical feasibility but
rather in determining how best to apply the ma-
chinery to human requirements. And so it will be
important to consider all fashions of configurations
of communication devices, and weigh each for its
ability to aid the advancement of technological
and social man.

In other words, man must be very careful in
fashioning the systems that will in the future
fashion him.
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